B RERIEZIIAA S Z BRI 77 E R E BRI

ACE U WA, BAES, B, MR

1 RERZERAZ, L3 100049

2 FERFRASYERRFERSESHESD, JE5 100029
3HEBNNERREHERESERETEHIERESALRE, L3 100085
AEBREMNUEREENATIRAEEFLD, FE 250032

FE: PRERIER SRR KE - RIIIRKENEER ARG —. TRERIERM
RN AT W TT R A FRT, e 0 A R VA PP R S R AT R A THI
VR — T FE Bk AR S5 . A SCNERE b RBE I e ISR A RS AIE R, $RHH T — Ak T
JA I R S FEE 3 K 00 e R bR vl 5 R FR 17 368 P T e 23 % e e B 1 v RUBE V8 e L
TR SEE . ATV R R R RO e M PR IR I S i oL, B B R U
TEWR AT =, B RHRAE, ek B R R . A SO Z R R S R T KT
ISR I = R IE o JEiby, PEREIR, KAL) (iR5GIH, 25 RE X+ A
BB AN B i B T R GF 6 /BT 0.5° X 0.5° [ NCEP CFSR 4347 %5 K
BN 0.25° X0.25° [ ERAS BT BORD AR R0 =2 i RO 0 e 220 4 B 1)
R RR . ASCEET 1979-2020 ££3% 42 SE0E T (5-9 A) KAl i ¥E 5% (3Lt 36357
S0 7 R 1 i FRUBE R e 2 AR ) VR HEAT 1 8 VAN, 45 RER WA BR AR S K AR
SERRATRNE, 42 P ar RN 95.5%. BhAh, ASCHR I T e etk e f1 = 4k
ERT R, RO R RS IR VB R 1 B B

Kb T RUEIRNE, B, E VR

LER S RS SCHRAR RS A

doi:10.3878/1.issn.1006-9895.2111.21178

A New Objective Identification Method for Mesoscale Vortices:

Three-dimensional Tracking and its Quantitative Evaluation

ok H: 2021-9-17; 28 T HE R H 0
EH T SR, 2, 1989 i, WLt A, NFHRESIR¥H S . E-mail: zhangjingping
@mail.iap.ac.cn

WAEME #it, E-mail: hhdh2608@163.com



ZHANG Jingping'2, JIN Shuanglong’, FENG Shuanglei®, HAN Hong**, and FU
Shenming'-

1 University of Chinese Academy of Sciences, Beijing 100049

2 International Center for Climate and Environment Sciences, Institute of Atmospheric Physics, Chinese Academy of Sciences,

Beijing 100029

3 State Key Laboratory of Operation and Control of Renewable Energy & Storage Systems, China Electric Power Research Institute,

Beijing 100085

4 Emergency Management Center, State Grid Shandong Electric Power Company, Jinan 250032
Abstract: Mesoscale vortex (MV) is one of the most important weather systems that causes
precipitation and meteorological disasters in China. However, there is no universal standard of
MYV identification , and the MV objective identification is still an urgent problem to be solved.
Based on the main features of MVs in China, a new objective identification algorithm (new
algorithm for short) suitable for high-precision grid data is developed in this study, by combining
the wind and vorticity. The new algorithm can accurately identify the mesoscale cyclonic
circulation and locate the vortex center, with lower false rate and higher positioning accuracy than
existing identification methods. The new algorithm is applied to three kinds of mesoscale vortices
(Plateau vortex (TPV), Southwest vortex (SWV) and Dabie Mountain vortex(DBV)) frequently
occurring along the Yangtze river basin, the results show that the new algorithm performed well in
all the three kinds of MVs with almost insensitive to applied period or data resolution (6-hourly
0.5° X0.5° NCEP CFSR reanalysis data, hourly 0.25° X0.25° ERAS5 reanalysis data). Based
on the DBV activity dataset of DBV (the total DBV occurrence is 36357 ) in the warm season
(May - September) during 1979 - 2020, the new algorithm is quantitatively evaluated. The
evaluations prove that the new algorithm can identify MV in a long-term and stable way, with an
average hit rate of 95.5%. In addition, this paper proposes a 3D MV tracking scheme, which has
significant advantages over traditional tracking methods.

Keywords: mesoscale vortex (MV), objective identification, quantitative evaluation
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Fig. 1 The source regions of TPV, SWV and DBV (The boundary of the Tibetan Plateau is
indicated using the black sold line, the two red rectangles represent SWV and DBV respectively,

and the shaded area shows terrain, units: m).
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Pic.2 Flow chart of MV objective identification.
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Fig.3 The performing area and schematic diagram of cyclonic circulation identification method. In
panel (a), the dashed rectangular box represents the area to perform "cyclonic circulation
identification", the black dot is the center point of the performing region, and Rf is the typical
scale of a specific type of MV. Panel (b) is the schematic diagram of cyclonic circulation
identification method based on octant-averaged wind, the performing area (showed as rectangular
box) is divided into eight octants, and each octant-averaged wind should satisfy the cyclonic
pattern, as shown by (zonal wind) and (meridional wind) and the gray dashed circle with arrows

shows the cyclonic circulation.
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Fig. 4 Schematic diagram of closed cyclonic circulation identification, with the black dots
representing the grid points involved in the calculation, (i, ;) representing the center point of the
circulation: (a) four surrounding grid points wind direction restriction for closed cyclonic
circulation identification, the gray curved arrows show the cyclonic circulation formed by four
grid points; (b-e) eight surrounding grid points wind direction restriction for closed cyclonic
circulation identification; panel (b) shows the wind direction restriction, the wind directions at
eight points should turn inward in sequence along a closed counterclockwise curve, the solid
arrows represent the wind direction at E, NE, N, NW respectively, the dashed arrows represent the
wind direction at adjacent back point (along counterclockwise); panels (c-¢) show three possible
forms of closed cyclonic circulation defined by the wind direction of eight grid points, the gray

circles with arrows represent the closed cyclonic circulation.
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Fig.5 Example of vortex center merging: 850 hPa streamline field (black line with arrows) and

relative vorticity field (shading, units: 10s™") at 1900 UTC 20 May 2013: (a) without vortex

center merging, with "+" indicating the candidate center ; (b) performed vortex center merging,

with the solid dot indicating merged vortex center.
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Table 1 Hit rates of TPV, SWV, DBV in different period by objective identification algorithm

(based on ERAS reanalysis data), the numbers in this table are the real DBV occurrences derived

from manual detection.
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Fig.6 Examples of objective identification of DBV, 850 hPa streamline field (black line with
arrows) and relative vorticity field (shading, units: 103s): (a) 0600 UTC 30 August 2008; (b)
1100 UTC 29 June 2009; (c) 0800 UTC 23 July 2008; (d) 0700 UTC hours 26 August 2010.
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Table 2 The evaluation of the DBV objective identification based on ERAS5 and NCEP CFSR
reanalysis data, the occurrences in this table are the real DBV occurrences derived from manual

detection.
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Pic.7 Flow chart of MV continuity recognition
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Fig. 8 Horizontal tracking of a DBV, 850 hPa streamline field (black line with arrows) and relative

vorticity field (shading, units: 10-3s™"), the blue dashed rectangles representing the search area: (a-d)
the vortex tracking on 850 hPa from 0900 UTC to 1200 UTC 12 July 2019; (e) vortex searching
on 825 hPa at 1000 UTC 12 July 2019; (f) vortex searching on 875 hPa at 1000 UTC 12 July 2019.
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Table 3 The objective identification hit rate in which identification is performed in DBV source
region and the DBV tracking hit rate during the warm season of 1979-2020, Nr is the real

DBYV occurrences derived from manual detection.

P PEHL R ar R R | IR EE R A R i PHOA R dr R | IREE R ar R R
(NT) (NT) % (NT) (NT)
1979 | 92.8% (510) 95.5% (737) 2000 | 81.1% (397) 96.0% (474)
1980 | 89.8% (696) 93.1% (962) 2001 | 89.3% (702) 97.5% (879)
1981 93.0% (584) 93.6% (611) 2002 | 93.1% (755) 94.9% (1001)
1982 | 86.5% (613) 97.2% (776) 2003 | 91.7% (567) 96.3% (729)
1983 85.5% (621) 92.3% (883) 2004 | 90.3% (575) 97.6% (832)
1984 | 94.4% (551) 92.7% (656) 2005 | 85.7% (561) 92.4% (708)
1985 89.9% (534) 96.2% (656) 2006 | 93.5% (445) 97.6% (542)
1986 | 88.0% (664) 89.5% (893) 2007 | 92.0% (574) 97.2% (941)
1987 | 95.4% (843) 95.5% (995) 2008 | 98.7% (625) 98.1% (751)
1988 | 89.3% (543) 93.9% (904) 2009 | 97.8% (490) 97.2% (651)
1989 |  94.0% (413) 94.6% (649) 2010 | 97.2% (612) 93.2% (983)
1990 | 93.2% (455) 95.8% (687) 2011 | 87.2% (584) 92.9% (657)
1991 90.8% (477) 97.5% (822) 2012 | 98.4% (621) 96.0% (782)
1992 | 89.3% (497) 94.4% (761) 2013 | 88.6% (579) 97.4% (725)
1993 | 95.9% (737) 94.3% (936) 2014 | 97.3% (701) 97.4% (1032)
1994 | 83.8% (463) 95.5% (582) 2015 | 91.5% (898) 96.2% (1074)
1995 81.1% (449) 94.1% (523) 2016 | 94.4% (626) 94.7% (793)
1996 | 95.1% (567) 96.2% (814) 2017 | 94.6% (669) 97.7% (899)
1997 | 98.2% (757) 98.4% (955) 2018 | 91.7% (448) 98.4% (608)
1998 | 92.7% (606) 95.7% (862) 2019 | 93.1% (734) 95.9% (947)
1999 | 87.3% (723) 95.7% (897) 2020 | 94.2% (701) 96.2% (1056)
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Fig. 11 The quantitative evaluation of the objective identification algorithm performed on DBV
during the warm season of 1979-2020: (a) hit rate (blue bars) and error rate (red bars); (b) the
distribution of miss rate (blue bars) and false rate (red bars), with red fold line indicating the error



rate; (c) box-and-whisker plot of hit rate, false rate, and miss rate, with the lower and upper
whiskers representing the minima and maxima value, the boxes covering the 25th-75th percentiles,
the horizontal line in the box representing the median, and the rectangular box representing the

average.
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