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Introduction/Motivation

Neighborhood Verification Results

o . . . o S * 1-hour Quantitative Precipitation Estimate (QPE) and Composite Reflectivity (CREF) forecasts are verified against Multi-Radar ]
*  The Gridpoint Statistical Interpolation (GSI)-based hybrid ensemble-variational (EnVar) data assimilation Multi-Sensor (MRMS) gridded observations. Relative O ina Characterist in «  After subjectively analyzing on a case-by-case
: . . : ey . . . : : : elative Operatin aracteristics 2 : :
(DA) scheme has been extended for convective scales including the direct assimilation of radar radial *  48-km neighborhood radius applied for QPE and CREF ensemble verification (ROC) Arez Und e? the Curve N basis, there are two main reasons why MM shows
velocity and reflectivity by Johnson et al (2015) and Wang and Wang (2017). FSS Nofes Fractions Skill Score (FSS) of 1-hr QPF ¢ " ~REF = benefit over NMMB and ARW-SP
10 oo v 10 o —— ¢+ N
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«  This GSI-EnVar system has been tested within the operational NAMRR and HRRR model contexts for the * ARW-SP outperforms NMMB at 0.1 in. threshold. 188°158688888565000f  ,, yO0t00000008g000 Te) ‘ 1. Better location and storm coverage in some
2017 and 2018 NOAA Hazardous Weather Testbed (HWT) spring forecasting experiments by the Multiscale * MM competitive with best single-model single-physics run for ) g j 5 o Cases _.1'6' etm)rs ofI\il}dlE;[B and ARW-5P are
C ey . . . . . : ] L 08 7 - St “opposite” (top row at le
data Assimilation and Predictability (MAP) lab at the University of Oklahoma. 0.1 n threshold 3] g | —sewue : S PP (top )
. . i 0.7 4 — — =] . . . .
. . . . shows benefit at later forecast times at 0.1 in threshold ., €] s : 2 2. Avoidance of single-model skill drop-offs in
* Ten retrospective cases from 2015 and 2016 are used to facilitate development and testing of potential | | —— | 06  ——ARWSP - | some cases — especially important when both
improvements to the convection-allowing assimilation and ensemble forecast system. » Athigher thresholds, ARW-SP > NMMB for early lead times (0- 7 e h imilar in ski
p S y 9 hrs), then NMMB > ARW-SP for later lead times (12+ hours) A A — modeés are 81m11}'c11r n ls)kﬂli ove;‘)all.bu}tl OE a
* In this study, these ten retrospective cases are used to explore the optimal design of convection allowing » MM best experiment from hours 0-9 7 P 8t e25605588888.253 | case-by-case or hour-by-hour basis the best
forecasts generally in the middle, or tied for best skill in 9-18 08 - 02 ) 3 3 SMSP experiment differs (e.g. middie row,
' . ’ ) 3 5 : 3 NMMB > ARW SP; however, bottom row.
hours at 0.25 in. : O 0.8 - " — 7 ’ ’
. g n 0.6 — ®© ] [ . .
° ] ] i I > .
The performance of ensemble for.ec.a.stmg system depends upon ability of the ensemble to represent all - ARW-MPSKEB slightly improved FSS over ARW-MP in final £ | 3 o :_ S| ARW_SP > NMMB. MM maintains storm
sources of uncertainty, including initial condition (IC) errors and model errors. ~4 hours of heavy precipitation, but large increases in spread 04 - o : coverage at both times/cases)
, , (shown by correspondence ratio below), matching MM by end of o2 - {[d) 40 dBZ :
*  GSI-EnVar already samples multi-scale IC errors down to convective scale forecast ! R e
0 3 6 9 12 15 18
. . 1.0 1.0 - | T | >:< | T | | |
*  How do we properly sample model errors? In particular, how does a multi-core ensemble compare to ROC Areas Notes : . ; 186, ool . o : Sf
. . . . . . . . iscriminati i ] L 09 - 3
single-core single-physics and single-core multi-physics ensembles? Can a single-core ensemble Meaiure of foreca)St discrimination (between event and non "8 F ] 2 I FMP. we found benefits | N
. . event occurrences T D 08 4 e b o .
match the spread and skill of multi-core ensemble? _ , B 06 - \ AR . o e | S n terms o o W TOUIE OEIE 115 In cases where
* For precip, AUC for multi-model and ARW-MP are bestat 0.1 & | + awreawse [ O 07 \ + ARWAMP ve ARWLSP |- o NMMB was inferior to ARW core.
in, but indistinguishable from one another (not shown) 04 7] - I PN : ° ™H t notable i t of ARW MP
: : : 6 - . ¢ most notable improvement o over
. H(iiwevc(eﬂ; in terms of CREF, ARW-MP shows clear benefit at 30 o2 | - , 1[50 dBZ m | : ARW SP tended to lzl))e 1 cases with we a_k or
- - - and 40 Z | LA R I AL LN I L B : - 1 T T .
0 3 6 9 12 15 18 . .
G S I - E nva r Ass I m I I at I o n S et u p C d R t. f 1 h QOPF ’ Foregast |eaj time (;]zurs) h A Forecast lead time (hOUrS) 8 - mOderate Synoptlc fOI‘ClIlg
orrespondence Ratio of 1- 5 .. :
FSS Including ARW-MPSKEB (smaller vals = more spread) Neighborhood reliability diagrams f13-18 2 *  Enhanced sensitivity to physics scheme,
JS5W  120°W  105°W  90W  75W 60 O I S I S TR el increased importance of forecast ensemble
| //g S0°N 1 hour 1 & P8t + | eseme 5 P eotmm 3 s mm e 2 needing to account for model physics
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04 - g ] 2 o = 250NPA" e ARW-SP (0.042) At _:ATAV\(/(}SoZ ét;.oen : )N'W%B — (b) ARWSP —
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Domain: Observations: IC and LBC ensemble are provided by : S P S ] 025 T ARWMP 00T e m—i A ey S W R\ i 7 N
* Resolution: 3 km  Conventional obs assimilated hourly re-centering GEFS (20) and SREF (20) " gesmm] b 1 Y st Probablty Y hoecastprovasiy - 020 - 030 -
* Grid: 1621 X 1121 X 50 e Radar reflectivity obs assimilated every 20 perturbations to GFS-ctl O I B S T ° , , , 5 5
. Same as HWT CLUE et ot hout of DA T T 90 x [ o1 . At the lighter 2.54 mm t.hreshold, there is a notlceable.: | g 015 § om -
84 7 %7 [ improvement in reliability of the mid 50-70% probability C
. o swapskcsve el 8 012 ranges comparing ARW-MPSKEB to ARW-MP. 810 -
a 067 ® ARWAMP MM | g : 0.05
- ] + ARWMPSKEBvsMM | & 008 _
Fo recaSt E nsem b I e C O nfl g u ratl on o4 C 5 ooe - *  Model error experiments more reliable than SMSP at 0.00 0.00
02 e 127 mn =L °%] 7 12.7mm, with ARW-MPSKEB having the best reliability of R
Experiment Model C Microphysi L I A R T B IR S higher probabilities. B R B S
Scheme | |PBLSheme | LSM Scheme T | | A b
s ARW-MPSKEB (0.043) 0.40 — e ARW-MPSKEB (0.030)
NMMB NMMB MO0O-M9 Ferrier-Aligo MY]J] Noah 3 00 | )
o & 030 - -
ARW-SP 3 g 030 - ,
. : ARW MO0-M9 Th MY RUC L L
(Single Physics) ompson H- 020 7 " 020 - -
MO0-M9 randomly split and }
. NMMB + 010 10 - :
MM (Multi-Model) ARW taken from NMMB and ~ — P 7 LW'WWW]FIFIH
ARW-SP experiments I S —— a e v . ‘\\—ﬁ : 0.00 T 0.00 T T
ARW-MP ARW MO (control) Thompson MY]J RUC ;é 0 ?——-f’_f £ ] / :_ E&C:BMP - % / ' T e T e T
(Multi-Physics) Ml Thompson MY]J Noah § 20 ~-7 7 ssEEEiizzEEEEsEaE Lou g : ARW-MPSKEB I i ——— R R
o |77 s [ 2 ] memm=smsEEsEEmEEmEEmEEOES : T — 00
M2 NS SL YSU Noah E h _ a) u250hP %EIW:MESKEB — o _ b) TSOOhP _ Sohd Lines — ’ ) Hours ?nto forec;zt * i ) Hours ?nto forec;zt ’
M3 NSSL MYNN Noah T e e T e e Caseaverage oot B [y 9 000 000000000
. ] RMSE Veriﬁed ARW-ﬁvaARWSP: (©] (CJOJO] : W—@vaARWS : @PPOPPOPPOPOPOOLOOO® :
M4 Morrison MY]J Noah 10 M L 25 /\ 3 e e - ©0PEOOC0000000 | i 90000000 . i i i i ] ] ] ) ) _
17 N A . against hourly %éééééééé@@é%%%% E e ] gggéggg@@ggggggggg : Though many previous studies have examined ensemble design in multi-core or multi-physics contexts, this study examines them in the
M5 P3 YSU Noah I Iy - —-oozze=Tto--——- b RAPanalyses owsroms 1@ e ee@eseess | e { 000000000000000000 | context of an optimal set of IC perturbations created by a multiscale hybrid DA system
M6 NSSL MY]J Noah 2 4] camnzaziiizacensannsses 3 R  Dashed Lines— 0@ — / [ / e Among SMSP experiments, ARW-SP had superior performance to the NMMB for lighter precipitation fields and earlier forecast times, as
M7 Morrison YSU Noah z Vwps a Zz Do . Case-average § — — ' % - - : well as much of the mean RMSE verification. The NMMB decayed MCSs too early in cases where decaying MCSs occurred 1n reality
M3 P3 MYNN Noah PO P VUL SN SN AP et Y ensemble L B e 3 s «  Each of the model error experiments MM, ARW-MP, and ARW-MPSKEB compared favorably to NMMB and ARW-SP in many of
MO Thompson MYNN Noah T ——— — _ 0 — o spread 9 2 o - objective verification scores and all of the ensemble spread diagnostics.
As in ARW-MP but including R é T : T RS BRI « The MM experiment had the highest FSS for heavy precipitation thresholds, as well as the most amount of spread added consistently
ARW-MPSKEB ARW application of SKEB during 8 oo Joioose=szzzziioooooiiiis F 8 | aemmmmmnmsIIEIIIIIITIIN R L ST 1d Bt Prrray IONNREEET); throughout the entire forecast. However, this added spread comes at the cost of undesirable ensemble clustering seen in spread diagnostics.
forecast "0 Ty 0 T : Sz § 0000008 00000000000 [ il ogessse00000066000 | e  The ARW-MP experiment significantly improved upon FSS precipitation verification over ARW-SP for lighter precipitation thresholds and
S A A o0 D S A wowerf oo o eeesse - 4. e eeeee ! ) . EYSUT . : : . . : i : cahil
*  Each ensemble free forecast is initialized from a 10-member subset of the corresponding final GSI-EnVar analysis (NMMB or ARW), with Hours into forecast Hours into forecast i ] ©66066066606000066 [ | miuw] c00000000000060000 | the ﬁna.l 9 1.2 hours of heavier precipitation thresholds. This was accompanied Wlth larg§ [CTeases 1 foore'cast dls.crlmlnatlon and reliability
e first member being the control member ’ e T of precipitation, as well as forecast spread of near-surface fields. However, the increase in spread was limited mainly to lower level fields
. The MM ICs are a rindom sampling of the 10 final analyses from the NMMB and ARW-SP experiments (5 from each experiment) * NMMB generally highest in error at most upper levels in wind, temp., below 850 hPa and took a “spin up” period of at least 6 hours for noticeable increases to appear.
piing o1 1 y . o exXp P dewpoint, with each of the other experiments clustered tightly together . - - - L - SETROE : S
«  ARW-MP and ARW-MPSKEB are initialized from the final analysis from the ARW experiments (ARW-SP) ARW-SP lower in error by 0.1-0.4 m/s and K for wind and temperature * Adding SKEB on top of ARW-MP showed small but significant improvements to precipitation verification in the latter half of the forecast
for fields at or above 5 OQ hPa . . than NMMB; however NMMB lower in dewpoint error by about 1 K. for heavy (6.35 and 12.7 mm) precipitation. Additionally, there were substantial increases in ensemble spread over time for both
&2335"32'3:5 I:;r(‘)aol C?g'g‘?vl ta'm29015 ::,rrolﬁgpltlc forcing +  The cases include many examples of both discrete isolated *  Below 700tha, lalrger d1fferences;n emzlr with AI;\YdMIE Eﬁld AdR\l))v * Differences in MM and ARW-MP are generally small in wind. precipitation systems and for upper level fields (in particular wind and geopotential height).
yéo_ y y . MPSKEB having lowest error in thermodynamic fields, followe . loni .1-0. - - . . .
June17_2016 2000 UTC 17 June 2016 Weakly storms (e.g., May 23, 2016 case) and organized MCSs aving . 4 . g MM s1gn1ﬁcantly lower (0.1-0 .2 K.) than ARW-MP for hours 1, 6 *  The comparison of MM to ARW-MP and ARW-MPSKEB led to some mixed results and depends upon what aspect of the forecast is
May16_2015 2300 UTC 16 May 2015 Strongly (e.g., long-lived squall lines in May 16, 2015 and May 25 © MM adds significant spread over single-model consistently at all levels, temperature, while ARW-MP significantly lower by 0.1-0.3 Kin examined. For early forecast lead times, MM is favored. However, ensemble clustering was found, and as SKEB and MP effects spun up
" ’ ’ ’ i dewpoint at hours 2-18. ' . ’ ' ’ o L . .
July06_2016 0100 UTC 05 July 2016 Weakly 2015 cases). variables. , , o , , _ . ph . Iv hich d : ular] Iv lead ti the ARW-MPSKEB experiment showed much more favorable ensemble distributions with similar or lower skill to MM within the final 6-9
July07_2016 0000 UTC 07 July 2016 Weakly «  ARW-MP increases in spread with increasing forecast time, particularly MM as cpnsmtent y highest spread, particularly carly lea times hours of the forecast
jﬂﬁ?‘zon; 8288 Big ?g jﬁrezzoa? w::‘;:y  Diverse synoptic forcing and organizing mechanisms are for near-surface variables ) Cc.)mb.me;tmrll of EKEB afn tfl MP shows mOStﬁp read in ne?r-surface .
Ma3;23_2016 2300 UTC 23 Ma};/ 2016 Mod er);t ely also included in these cases, such as strong upper level «  ARW-MPSKEB substantially increases spread over the course of the Vﬁmd 1 1ha 1,2 ogrs f orecast, and matches spread of MM in Results documented in recently accepted publication:
Sept11_2015 0100 UTC 11 September 2015 Moderately trough and surface cold fronts, slow moving or stationary forecast, most notably in wind and geopotential height thermodynamic variables Gasperoni, N.A., X. Wang, and Y. Wang, 2019: A comparison of methods to sample model errors for convection-allowing ensemble forecasts in the
July14_2015 1900 UTC 14 July 2015 Strongly frontal zones with multiple clusters growing upscale. __Spread approaches MM spread by fhr 18 setting of multiscale initial conditions produced by the GSI-based EnVar assimilation system. Mon. Wea. Rev., accepted.




