43 4 Vol. 43 No.4
2023 8 Journal of the Meteorological Sciences Aug. 2023

. 2023 43( 4) : 438-450.
ZHANG Chenyue ZHU Kefeng XUE Ming et al. Probabilistic forecasting of Funing significant tornado based on convection—
allowing ensembles. Journal of the Meteorological Sciences 2023 43( 4) : 438-450.

12 3 14 5
(1 210023; 2 100018;
3 210041;
4 Center for Analysis and Prediction of Storms and School of Meteorology University of Oklahoma Norman OK 73072;
5 210019)
2016 6 23
ERAS ( CEFS_ERAS) ; NCEP GEFS
( CEFS_GEFS) o :
12~5 km ( UH25)
o UH25
UH25
CEFS_ERA5 15 UH25 250 m>*s~’ ;. CEFS_GEFS 15
UH25 100 m*es™ o
. P456.1 doi: 10.12306/2022jms.0057 DA

Probabilistic forecasting of Funing significant tornado based
on convection-allowing ensembles

ZHANG Chenyue' > ZHU Kefeng' XUE Ming'* SUN Zhengqi’
(1 School of Atmospheric Science Nanjing University Nanjing 210023 China;

2 Aviation Meteorological Center Air Traffic Management Bureau Civil Aviation Adminisiration of China
Beijing 100018 China; 3 Key Laboratory of Transportation Meteorology of China Meteorological Administration
Nanjing Joint Institute for Atmospheric Sciences Nanjing 210041  China;

4 Center for Analysis and Prediction of Storms and School of Meteorology University of Oklahoma Norman
OK 73072 USA; 5 Nanjing NRIET Industrial Co.Lid Nanjing 210019  China)

Abstract For the significanttornado that occurred in Funing Jiangsu Province on June 23 2016
two Convection-allowing Ensemble Forecast Systems ( CEFSs) were designed: one initialized from ERAS
reanalysis dataset ( named CEFS_ERA5) and the other initialized from NCEP GEFS ( named
CEFS_GEFS) . The predictability of these two systems was evaluated and the results show that more than
half of the members of the two ensemble systems can reproduce the typical characteristics of the tornadic
supercell; 2-5 km updraft helicity ( UH25) has good skill in indicating tornadic supercell. Further
considering the position prediction deviation a neighborhood tornado probabilistic forecasting product

based on UH25 is proposed. The sensitivity of probabilistic forecastingto the key parameters of the
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product

such as neighborhood radius and UH25 threshold

is analyzed: CEFS_ ERAS taking 15 grid

spacing as the neighborhood radius and 250 m®*s™ as the UH25 threshold has the best skill; CEFS_
GEFs taking 15 grid spacing as the neighborhood radius and 100 m”*s™ as the UH25 threshold has the

best skill. In general

significantly improved the skill in predicting this tornado.
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1
Table 1 Configuration of ensemble forecasting systems
mem01 ERAS/GEFSO1 Milbrandt-Yau Noah LSM MYNN 2.5 level TKE MYNN RRTMG RRTMG
mem02 ERAS/GEFS02 Morrison 2M Noah LSM YSU Revised MM5 RRTM Dudhia
mem03 ERAS/GEFS03 Morrison 2M Pleim—Xiu LSM ACM2 Pleim Pleim—Xiu RRTM Dudhia
mem04 ERAS/GEFS04 Thompson Noah LSM YSU Revised MM5 Goddard Goddard
mem05 ERAS/GEFS05 Morrison 2M Noah LSM QNSE QNSE CAM CAM
mem06 ERAS/GEFS06 Ferrier Pleim—Xiu LSM TEMF TEMF CAM CAM
mem07 ERAS/GEFS07 Milbrandt-Yau Pleim—Xiu LSM ACM2 Pleim Pleim—Xiu CAM CAM
memO08 ERAS/GEFS08 Thompson Pleim—Xiu LSM MYJ Monin-Obukhov RRTM Goddard
mem09 ERAS/GEFS09 Thompson Noah LSM MYJ Monin-Obukhov RRTM Dudhia
mem10 ERAS/GEFS10 Morrison 2M Noah LSM YSU Revised MM5S RRTM Dudhia
mem]11 ERAS/GEFS11 WDM 5S-class Noah LSM MYNN 2.5 level TKE MYNN RRTM Dudhia
mem12 ERAS5/GEFS12 Goddard Lin Noah LSM ACM2 Pleim Revised MM5 RRTMG RRTMG
mem13 ERAS/GEFS13 Goddard Lin Noah LSM ACM2 Pleim Revised MM5 CAM CAM
mem14 ERAS5/GEFS14 Goddard Lin Noah LSM MYNN 2.5 level TKE MYNN RRTMG RRTMG
meml5 ERAS/GEFS15 WSM 6-class Noah LSM MYNN 2.5 level TKE MYNN Goddard Goddard
mem16 ERAS/GEFS16 Morrison 2M Pleim—Xiu LSM ACM2 Pleim Pleim—Xiu GFDL ( Eta) GFDL ( Eta)
mem17 ERAS/GEFS17 Morrison 2M Pleim—Xiu LSM ACM2 Pleim Pleim—Xiu CAM CAM
mem18 ERAS/GEFS18 WDM 6-class Noah LSM MYNN 2.5 level TKE MYNN Goddard Goddard
mem19 ERAS/GEFS19 WDM 6-class Pleim—Xiu LSM ACM2 Pleim Pleim—Xiu Goddard Goddard
mem?20 ERAS/GEFS20 WDM 6-class Noah LSM MYNN 2.5 level TKE MYNN GFDL ( Eta) GFDL ( Eta)
o o
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Fig.2 (a-t) Mosaic of 1 km radar reflectivity ( shaded unit:dBZ) of CEFS_ERAS ensemble members ( mem0Ol to mem20) ;
the black arrows point to the simulated cells with supercell characteristics; (u) base reflectivity

at the 0. 5° elevation angle from the Yancheng radar at 0620 UTC( shaded unit :dBZ)



Fig.3 Same as fig. 2 except for CEFS_GEFS
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Fig4 (a) CEFS_ERAS mem05 (¢) CEFS_ GEFS mem19 3 km radar reflectivity ( shaded unit: dBZ) superimposed UH25 ( contour unit: m**s™2)
and surface wind field ( vector unit:me*s™"); (b) make a vertical section along A1B1 in (a) (d) make a vertical section along A2B2 in ( c)
and the radar reflectivity ( shaded unit:dBZ) superimposes the vertical velocity ( contour unit:mes™' solid line represents positive velocity;

dotted line represents negative velocity) at 0620 UTC
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5 (a) CEFS_ERA5 (b) CEFS_GEFS 05 :30—07:00 10 min UH25
( 200 m?+s72)
Fig.5 The UH25 superposition fields of different ensemble members output at 10 minute intervals from 0530 UTC to 0700 UTC of
(a) CEFS_ERAS and (b) CEFS_ GEFS ( threshold: 200 m**s™2) . The dark gray solid line is the tornado observation path
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6 CEFS_ERAS5 (a.c) :(bad) 15 (ash) UH25=50 m?*s72;
(e~d) UH25=250 m?+s72,
Fig.6 CEFS_ERAS probabilistic forecasting by (a ¢) not taking the neighborhood (b d) taking 15 grid spacing as the neighborhood radius:
(a b) threshold UH25=50 m?+s72; (¢ d) threshold UH25=250 m?*s™2. The black solid line is the tornado observation path

7 6 CEFS_GEFS
Fig.7 Same as in fig. 6 except for CEFS_GEFS



447

8 (a) (b) 15 CEFS_ERAS  CEFS_GEFS UH25
( ©50.100.150.200.250 m?*s™%) ROC ; AUC
Fig.8 (a) Not take neighborhood and ( b) take 15 grid spacing as neighborhood radius the ROC curves with different UH25 thresholds
( thresholds: 50 100 150 200 250 m? 's’z) for CEFS_ERAS and CEFS_GEFS; The corresponding AUC is given in the legend

9 15 (a) CEFS_ERAS5 (b) CEFS_GEFS  UH25 50.100.150.200 250 m?+s™?
Fig.9 Taking 15 grid spacing as neighborhood radius the reliability curves of ( a) CEFS_ERAS5 and ( b) CEFS_ GEFS with
UH25 threshold of 50 100 150 200 and 250 m**s™
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10 CEFS_ERA5  UH25 250 m?+s™( a) 9 (b) 21 ; CEFS_GEFS
UH25 100 m?*s™%( ¢) 9 (d) 21 .
Fig.10 Taking (a) 9 grid spacing (b) 21 grid spacing as the neighborhood radius the probabilistic forecasting of CEFS_ERAS5 with UH25
threshold of 250 m?*s™2; taking ( ¢) 9 grid spacing (d) 21 grid spacing as the neighborhood radius the probabilistic forecasting of
CEFS_GEFS with UH25 threshold of 100 m®+s™. The black solid line is the tornado observation path

11 (a) CEFS_ERAS  UH25 250 m?+s72; (b) CEFS_GEFS  UH25 100 m?+s72;
9 15 21
Fig.11 Taking neighborhood radius as 9 15 and 21 grid spacing the probabilistic forecasting of ( a) CEFS_ERAS5 with the
UH25 threshold of 250 m?*s™2 and (b) CEFS_GEFS with the UH25 threshold of 100 m?«s™>
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