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Instrumentation:

MRR and PIP

* 24 GHz Frequency Modulated
Continuous Wave Radar

* Height range 3000 m/100 m bin

* Optimize for snow using Maahn
et al., (AMT 2012)

MicroRain
Radar
(MRR-2)

Particle

Imaging

Package
(PIP)

* Camera and light coupled for imaging
falling precipitation

« Captures ~400 images/second

* Saves one-minute videos during
events

* Size distributions and fall speeds are
processed in real-time on local
machine ?



Instrumentation:

MRR and PIP

« Useful tools for
surface, near-surface,
and profile information

MicroRain
Radar

Particle

Imaging

Package
(PIP)

(MRR-2)

+ Couple with ancillary
ground-based
observations,
reanalysis, and models



GPM Ground Validation Campaigns

https://gpm-gv.gsfc.nasa.gov




Marquette, Michigan Site

Contact:
Mark Kulie
Claire Pettersen




Marquette, Michigan Site

*** WSR-88D

“* Meteorological
Observations

** Snow Field
Measurements

¢ Parsivel and Pluvio

Data available 2014 -
present




MRR-defined Snowfall “Modes”’

Deep vs. Shallow
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Data Processing: MQT Browser

access

Time/Height plot
of MRR
reflectivity

Time/Diameter
plot of PIP
particle
concentration

All data is pulled
from site daily
(0200UTC+1),
processed, and
uploaded to
website

LESBrowser

Lake Effect Snowfall (NWS Marquette, Michigan)
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Click on any of the above figures to enlarge

= Mark Kulie is a Researcher at the University of Wisconsin-SSEC and Principal Investigator of this project. Contact Mark

= Claire Pettersen is an Engineer and Researcher at the SSEC and responsible for data processing and web content. Contact Claire

= MRR quicklook figures produced using in house programs incorporating M. Maahn MRR snow retrieval methods. Reference

= PIP quicklook figures produced by Larry Bliven of the NASA Wallops Flight Facility

= Full dataset is available upon request - please contact above UW-Madison staff. Data will also be archived at a NASA data repository.
= The MRR and PIP are located at the Marquette NWS Office.

= This work is supported by a grant from The National Aeronautics and Space Administration (NASA).

Last updated: 4 December 2014

Space Science and Engineering Center
University of Wisconsin-Madison
1225 W. Dayton Street
Madison, WI 53706
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Time/Height plot
of MRR
measured fall
speeds

Time/Diameter
plot of PIP
rticle densities

MRR “real time”
capabilities are in
development for
operational use
(processed MRR
every 15 min)




Finland Sites

Murmansk
Myprgaucx

o UH Hyytiala Station
. (61.84N,24.29F)

p e
2 FMI Ikaalinen weather radar
(61.77 N, 23.08 E)
« Radars: C/W bands, Ka-band (on
campaign basis)
paserar * Microwave radiometers 89 GHz and
] HATPRO
s IKA inland ]
iy tiats = Doppler lidar
N sp.,g -+ Precip. Sensors: PIP, 2DVD, 2x OTT
e e v Pluvio, 2x Parsivel, Snow depth sensor
. S ~~ « AWS and 3D anemometers
HELSINGIN YLIOPISTO Institute for“i/ B ; -I.I’"
HELSINGFORS UNIVERSITET Atmospheric and Earth %\ 9
UNIVERSITY OF HELSINKI  System Research | NAR 9



Finland Sites

Weather radar
5.6 GHz C-band,
hydrometeor profiles

Double Fence Intercomparison Reference
Wind shield for precipitation measurements,
instruments on the centre platform: Cloud radar

- 2D video distrometer (FMI) 35 GHz Keband)
- optical distrometer (2 pieces, FMI) el e T
- weighing precipitation gauge (NASA) (FMI)

Rain profiler

24 GHz K-band,
precipitation profiles

IT \
PIP
- Precipitation video imaging,
particle size distributions Cloud radar

including fall velocities 94 GHz W-band,
(NASA) hydrometeor profiles

HATPRO
22-31 GHz and 51-59 GHz
multichannel radiometer,
tropospheric humidity and
temperature profiles

SAKU Il
Precipitation holographic imaging,
fine details of particles’ shapes
(University of Oulu)
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HELSINGFORS UNIVERSITET Atmospheric and Earth

UNIVERSITY OF HELSINKI System Research

i,

INAR' 10




Finland Sites

Weather radar
5.6 GHz C-band,
hydrometeor profiles

Double Fence Intercomparison Reference
Wind shield for precipitation measurements,

instruments on the centre platform: Cloud radar
- 2D video distrometer (FMI) 35 GHz Keband)
- optical distrometer (2 pieces, FMI) el e T
- weighing precipitation gauge (NASA) (FMI)

Rain profiler

24 GHz K-band,
precipitation profiles

e e DOE ARM
: pitation video imaging,

particle size distributions Cloud radar 501
including fall velocities 94 GHz W-band, 4
(NASA) hydrometeor profiles

HATPRO
22-31 GHz and 51-59 GHz
multichannel radiometer,
tropospheric humidity and
temperature profiles

SAKU Il
Precipitation holographic imaging,
fine details of particles’ shapes
(University of Oulu)
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Finland Sites
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Environment Canada Sites

Georgian Bay

Huronia,

Lake
BARRIE Simcoe

CARE X Skydive

A A
Mortons Steamshow
ONTARIO

King City Radar

TORONTO

Lake Ontario

NEW YORK

** Parsivel
% King City Radar

** Double fence
intercomparison
reference

< WMO-SPICE

Data available 2006 -
present




Height AGL (km)

Environment Canada Sites
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Environment Canada Sites

\

Igaluit

. | % Ka-band scanning
" zl.v‘ién S B 45 -3 ~ radar
Territgrial, b 9 -~ A - oAl .
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** Double fence
intercomparison
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Long-term dataset
15



Wallops Facility

e S
GPM-WFF Validation Network

GPM Core Satelliten

NPOL, D3R

Radars SPANDAR
= —~— EGETS

wkr Base ’
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Referants o o= 15 Nassawadox Rain Gauge Nest
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e < =57 _—=--DPR¥Field of View (25km? ), and soil
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. “RainGauge Tif . °. i 3
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Area mean precipitation at GPM Fields of View
Assess measurement uncertainties
Study rain physics and spatial variability
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Contact:
Dave Wolff
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Wallops Facility

e S
GPM-WFF Validation Network

GPM Core Satellite 1\

NPOL, D3R
Radars SPANDAR

P — Radar
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Area mean precipitation at GPM Fields of View
Assess measurement uncertainties
Study rain physics and spatial variability

. g N . | W. Petersen, Céde 610

Contact:
Dave Wolff

“*Meteorological
Observations

s Disdrometers

“*Gauges

+*Radars

“*Rain gauge
network/nest




Wallops Facility
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\

Contact: Christopher Kidd
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

o NCEOLeeds... .

“ Svalbard | U.Bonn?

“ Polarstern (X)

r Finland-
MRR4| =° |  Tamworth [Emasalo Valentia»

MRR-Pro =
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UK Sites

University of Birmingham facility (2006)

* 4 MRR-2 - vertical Doppler, 24.1 GHz
* 8 calibration gauges (2 per radar)

* 16 ‘outer’ gauges

zeus lightning network




10 km

Urban precipitation

"J NeZvT/sport
FELRORD A .
W
5 3
7=6

rd

5

Te

4"6‘,

iE‘, Woﬂlﬂ rha

Wombourne

e Hills

B e 4”8

p ; sSgrov

\ AT v N
Droitwich
mstzr" Worceste M
E e e

A N N 4.5 \
Rugelgy r A512EE |
28 Sw; cofe Ao
> 4 A4 7>
noc :
2 AS190 ) Codlville
ichfi \

4L |k Tamworth |, -

= ownhi 2, ICESTE
al </Hinck
S s~/ Nuneatoh %
1 < 1 46‘
University (/7
g ) entry
A9 N,
g A \% \3 ugby.
/€1 2 3 £ 5
16, g Oy 1
i ‘ez Leamington
a %
Redditc 2. 8 A4Z
I ey
pA’ﬂ |
46 12, <)
%6\3- Stratfo M

i
Deployment to study

effect of the urban
environment upon
precipitation, particularly
DOC and isotopes.
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Plymouth (UK

2019-10-03 14:00-15:00 UTC

Fall Velocity

INNT *‘M\ ‘“l: i =n‘i :
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»  RainIntensity
Rain Intensity

Mid-latitude coastal/ocean regime

Kidd NASA STM 2019




Norway Site

Claire Pettersen

* Snow instrument suite in
Haukeliseter, Norway
* 59.81°N latitude, 991 m
elevation

23



* Meteorological data
(temperature, relative humidity,
winds)

* Snow accumulation

* Double Fence Automated
Reference
* WMO-SPICE
Broadband radiation
Data available from 2014 - present

+  MRR-2
+ PIP

Deployment winter 2016 - 2017
Planned deployment winter 2020 - 2021

Pettersen et al., NASA STM 2019 24



German Site

OPTIMIce project: Synergy
of multi-frequency
moments, Doppler spectra,

and polarimetry for ice /'Essehr Stefan Kneifel
process studies (University of
Cologne
80 km g )
Julich

Observatory of
Cloud Evolution

200 m :
‘ 50 k o .
—ﬂOYRADw* “JOYRAD35 " X (JOYCE)
Jiilich Column (JuCol) | <€ 3-8 km >| Sophienhohe
e LT e B Lo B
width
Joyrad-10
Joyrad-35 Ka LDR Yes 0.6 Yes 3om
RPG-94-SP w No Yes 0.6° No 5..30mM
Ju/BoXPOL X Full No 1° Yes 100m
DWD-Essen C Full No 1° Yes 250m/1km

Lohnert et al., BAMS, 2015 25



Barrow, Alaska (DOE)

L

Contact:
Jim Mather

“*Vertically pointing
Ka-Band Radar

“*Scanning radars

> PIP

* MASC

**Rain sensors

Data available 1998 -
present
Mather NASA STM 2019 26



More Data is Better!

+ Much can be learned by studying
regimes

* Leverage DOE ARM Field Deployments

+ ACE-ENA, CACTI, MOSAIC, COMBLE, TRACER

+* NWS Partners

« Excellent support for short and long-term deployments
(power, people, collocated observations, connectivity)

* Currently consolidating available ground-based data

* Got an idea for a ground-based study?

+ Talk to PMM science team members and collaborators with

instrumentation! 27



