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MQT NWS: NEXRAD + Surface Obs

Dataset Duration:
January 2014 — Present
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Project Objectives

* Snowfall regimes/partitioning statistics

* Microphysical variability

e Quantitative Precipitation Estimation (QPE):
e Radar reflectivity (Z) — Snowfall Rate (S)

e Spaceborne radar/radiometer

e Numerical Weather Prediction

* Algorithm development and evaluation
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Lesson 1:
Snowfall regime transitions = microphysical transition
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PIP Microphysics: Regime- Dependent Variabili
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5-Year Dataset Analysis: PIP Microphysics
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5-Year Dataset Analysis: PIP Microphysics
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5-Year Dataset Analysis: PIP Microphysics
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Lesson 2: Ignore shallow snow at your own scientific peril!

MRR Z, data for 2018-01-03
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PIP vs. “Manual” NWS Accumulation Statistics
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Reflectivity vs. Snow Rate for Shallow Events

251
—Z =159 889 (:10 to 20 dBZ fit)
Z = 75 S? (MRMS)
2 ——Z = 180 S? (Great Lakes)
¢ Mean Snow Rate (1 dBZ bins)

PIP
Liquid Equivlent Snow Rate (mm hr'1)
- o

o i ::i : i N 1 I j
-10 -5 0 S 10 15 20 25 30
Reflectivity (dBZ)

NEXRAD Figure Credit: T. Wagner




Reflectivity vs. Snow Rate for Deep Events
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Spaceborne Radar Applications
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Spaceborne Radar Applications

Deep Snow Events Counts Shallow Snow Events
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Spaceborne Radar Applications

Deep Snow Events Counts Shallow Snow Events
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Lesson 3: Shallow snow — distinct flavors

Orographic/Upslope Snow Lake-Effect Snow
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GMI/GPROF Applications

Shallow Convective Snow from a GPM Microwave Imager Perspective:
Snowfall Quantitative Precipitation Estimation Strengths and Weaknesses

ok s T o G " Lisa Milani'2, Mark S. Kulie?, Daniele Casella?, Pierre E. Kirstetter®, Giulia Panegrossi?, Veljko Petkovicl67, :
. L Cawsess o Sarah E. Ringerud??2, Jean-Frangois Rysmang, Paolo Sand®, Gail Skofronick-Jackson?, Nai-Yu Wang?, Yalei You! 0

/Introduction \

Statas Lowi Great Lakes region, Considering ‘coastline’ and ‘snow covered' surfaces, the number of

- N Rttty _
Results - : | '
Shallow convective snow related to cold air outbreaks Interacting with large bodies of unfrozen water influences regional hydrology and is often " g
assoclated with extreme snowfall accumulation events. This work focuses on the ability of the Global Precipitation Measurement (GPM) passive +  Aprior database representativeness I \ -
microwave sensors to detect and provide quantitative precipitation estimates for Intense convective lake-effect snowfall events over the United gy " el

prafiles within the TPW<5 mm and T2m<273 K sub-sets (bins In the .
The two main scientific questions we want to address with this work are: bottom left corner of the plots, red lines plotted as reference - Fig.5), ' [
*  Is GPM's Microwave imager (GMI) able to detect intense shallow convective snowfall events? '(: “’SW') "ﬁ;"#g }i:‘ of all precipitating E';"'“"(‘: fg;":oasﬂlne' S e - e
ig.5a) and 7,2% of ‘Maximum snow cover’ sub-set (Fig.5b). .
* If yes, is the GMI Goddard PROfiling (GPROF) algorithm able to translate the TB's signal into physically ingful snowfall rate ? 8 B Figure 5: 20 distributions of GPROF a-priori dotobase elements  (surface precipitation elements
The Probability Density Functions (PDFs) of each a-priori database with PR 2 0.1 mm h?) (red fines for T2m=273K and TPWs5mm are plotted os reference). GPM
sub-set illustrate the low probability of higher precipitation rate fp":gz"" D””’:": from ?E;’:“";;;’;L;‘;‘W;" 2‘;’5 :’;;—"":‘W"‘;ﬂ the ‘m;""
o-priori databose an, an ata fram Apri to August are used o
case studies events within the da.labast. C')nlv 420 .(1%6) e!cments with rates‘ovw construct the snow cover GPROF a-priori dotobase ) DPR a-prion database s used for “coastline’
1 mmh? are found in the ‘coastline’ (‘maximum snow cover’) for b) MAMS-GV o-priori database & used for “maxiamum snow cover’
We present here two intense, multhday lake-effect snow events, on November 19-21 2014 and January 8-10 2015 over the Lower Great Lakes T2m<273K and TPW<5mm (black and light blue solid lines in Fig.6)
Reglon. GPM overpasses the region of Interest on November 20 2014 at 1820 UTC (orbit #4140) and on January 09 2015 at 12.26 UTC (orbit corresponding to the anly 0.03% (0.3%) of all precipitating elements q —
#4914). in the a-priort low T2m and low TPW subsets, < Figure 6: POFs of precipitation  rates
= associated with precipitating elements in the
T8's signotures: i y o-prior| dotobases. Dashed liney represent the
" R t : i ™ distribution of ol precipitating events (PR20.1
B ey e b ionh e e Al | | s coson i o et e
ng in 58 SNOW and/or TB increases due ud liqu er e ion 2) for the snow bands over Lakes Erle an| #”
Ontario (zgpland 2 < Since snow covered surfaces are classified by a monthly surface v gy A :::";/3:"'::’;:;’"5’"' Colors represent
s ) [y, emissivity ‘climatology’ or the daily Autosnow NOAA product, the ¢ - ) A e
1 r son—= surface classification, mainly for ‘coastline’ could sometimes be Sunn aovgus
Fioure 1: ) MAMS precipiatk it od G b 366 misclassified. We forced GPROF to consider all surfaces as snow —a
Gma;and < ‘zf‘; 5::' f: am’;ﬂu tnel and covered and therefore the only MRMS a-priori database has been ., Wi v e _— ".,"_.‘.‘:'.:.__":." o
Ontario on 20 November 2014 ot 1820 UTC (orbit #4140). used for test purposes, In fig.7, the resulting maps show that there Is ‘ | ' Figure 7: GPROF retrieval
an improvement from both a detection and a quantification | ’ /:';L"g the ‘“d"{o:’“
. ; wal aprion datobase
viewpoint (Table 1 'forced surf columns). ol o ‘ for o) obit #4140 nd b)
| o 1 | orbit #4914
wu = oy | A
* High frequency channels sensitivity S ae HE Ww S K. We W Nu Wb
Figure 2: o) MAMS precipitation prmduct and GMI b) 166 e
GHz V-pol ond ¢) 183 + 7 GHz T8s over Lakes Erie ond The sensitivity of the retrieval to high frequency channels is based on . - -wm-—-—‘“_.“
Ontorio an 09 January 2015 ot 1226 UTC (orbit #4924), pre launch calculations and some tests demonstrated that changing A T \ ' Figure 8: GPROF retrieval

with o dfferent
\ combination of channel

the sensitivity, there is an actual improvement in the snowfall
retrieval and detection performances (maps are shown in fig.8 and y o

/ % ' sensitivity for o} orbit
statistical scores n Table 1 ‘ch sens.” columns). | 4140 and b) orbjt M914

‘Original’ GPROF (VO5) ‘Precipitation Rate Threshold’ (PRT) GPROF (VO5) il 118 , - ",

+ Comparing original GPROF (precipitation threshold 0 mmh ') to + Since GPROF Ind light p over non B
MRMS pr product (p threshold 0.4 mmh): arenis acmlrfilru to M'.‘“."s""' lllnn::l o'f Lal;e praclplm}l‘u S orig. HES AT Hsswbr:ud mu‘::‘ FAROrie IARPRT lAR\::;md m':m R orie
o Many false alarm pixels over land (Table 1 ‘FAR arig/) pivels applving a P Rate (PRT). PRT has .
been chosen case-by-case with an HSS systematic analysis AN 0.00 026 035 0.35 077 057 030 024 065 061 067 0.66

© The 'non random hit’ rate is low in both cases (Table 1 'HSS (PRT=0.08 mmh* #4140, PRT=0.11 mmh*#4914) #4140 5 2 ; 5 '

:&Zhﬁa e b ERG RE k Cdins © FAR and HSS are both improved (Table 1 'FAR PRT’ and ‘HSS 09'{’0;1/;5 001 011 029 0.26 080 0.54 043 033 043 0.51 0.22 021
o Correlation s higher for 0.65) and lower for

(R=043) L) Toble 1: statistical parameter for the MRMS-GPROF comparison. The different columns refere ta the different GPROF analysis configurations: originol GPROF with predpitation threshold

: © Correlation is Improved for #4914 and slightly decreased for @mmh (‘orig.’}, GPROF with @ preapitation threshold bosed on HSS analysis {'PRT), GPROF forced to use anly the MRMS a-prion dotobase (forced surf.') and GPROF with a different

#4140 (Table 1 'R PRT') channel sensitivity combination ( th sens.’)
—— g 1V o ey 170 N
ot '."—':';::'.t_.. i ——— o ————__ -
Conclusions
: v Lake-effect snow signature is clearly detected by high frequency Ths.
The original GPROF (VOS) show detection issues (high FAR and low HSS) and underestimates precipitation rates
4 For the current state of the product, our suggestion to final users is to consider a precipitation threshold (PRT), computed case-by-case using the best H5§
ﬁ e ‘J r” l performances that lowers the FAR, increases HSS and also Improves the correlation,
e _ _ The a-priori database is underreprasented for this particular type of events and better populating the low TPW and low T2m sub-sets could help the
o Tes et Ll retrieval
Figure 3: * WMMMNW“IJ#NWW' with 0 :’:::*:zrog'm P m’:";ﬁ"‘:‘: dH 2 it mh’;;;::’:‘: A probable misclassification of surface type (mainly ‘coastling’ and snow covered' surfaces) affects the algorithm’s perfarmances
m""'mm h mmh Fw an m}

precipitation threshold Improving the sensitivity of the retrieval to high frequency channels can help improving detection and quantification of snowfall for lake-effect snow events,




GMI/GPROF Applications

Shallow Convective Snow from 2 icrowave Imager Perspective:
Snowfall Quantitative Precip? trengths and Weaknesses

Lisa Milanil2, Mark S. Kulie3, orossi?, Veljko Petkovi

GMI TB’s

Introduction

Case Studies

RO Intense

priori Lake-Effect RGtP,ROFl
Database Show =

GMI Channel
Weighting

J. 8



=N Lesson 4: Enhancement processes in extreme events

Upper Michigan Snowfall .:g«
November 10-12, 2014 B4
National Weather Service - Marquette, Michigan Vissd

Y These numbers represent the observed

snowfall through the morning of Wednesday,
November 12th. Smoothing has been performed
on the observations. Locally higher or lower
amounts may have occurred.
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MQT Observations: Lessons Learned

* Snowfall regime microphysical transitions
e Shallow snow — do not ignore!

e Shallow snow — different flavors

* Enhancement processes — extreme events

e **Long term datasets are invaluable**

*mark.kulie@noaa.gov
*claire.pettersen@ssec.wisc.edu
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Future Work @

e Further partitioning studies
 GMI/DPR product evaluation/algorithm assumptions
* Regime-dependent PSD parameterization

*mark.kulie@noaa.gov
*claire.pettersen@ssec.wisc.edu
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