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1956—2016 (a), weather classification ratio of storm surge cases (b), monthly number of occurrences of extratropical storm surges induced
by cold-front (c)
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Table 1 Results of objective typing, circulation index, tide level and maximum storm surge elevation in 2003—2016

fif i) AR S & v de/(°) g Vg I /em BRIk /em

20054E10 21 H05:00 AE -13.6 13 99.5 -12.9 2.2 499 108
20064E10 4 10 H20:00 AE -10.2 8.7 68.9 -8.1 -3.1 487 100
20094F4 A 15 05:00 AE -30.3 16.6 88.6 -16.6 —0.4 523 185
20104F12H 13 H08:00 AE -28.5 152 71.7 -14.4 4.8 475 130
2013410 14 H 11:00 AE -16.1 13.8 68.7 -12.8 -5 477 139
2015410 18 H08:00 AE -213 9.8 103.8 -9.5 2.4 478 105
20154E10H 24 H 11:00 AE -15.9 8.3 103.3 -8.1 1.9 473 112
20154F11H 5H 14:00 AE -19.9 16.6 105.9 -16 45 476 176
20034F4 A 17 20:00 ANE -23.8 14.9 64.8 -13.4 -6.3 466 84
20074314 H20:00 ANE -27.6 22.8 38.4 -14.1 -17.9 481 126
20074£9 427 H 02:00 ANE -18.5 6.5 27 29 -5.8 481 107
20074F10 528 H02:00 ANE -14.4 12.7 36.4 -1.5 -10.2 487 136
201348 422 14:00 ANE -9.5 1.9 53.1 -1.5 -1.1 471 51
201349 H 23 H 17:00 ANE -22.6 9 48 -6.7 -6 534 150
20034F10 5 11 H08:00 E -10.5 18.4 96.1 -183 2 554 178
20084129 H 23:00 E -1.7 15.8 104.6 -15.3 4 474 174
200942 A 13 H05:00 E 4.8 13.1 78.5 -12.9 -2.6 528 203
20114F2H27H08:00 E -8 18 104.9 -17.3 4.6 491 186
20114F 1128 H23:00 E -1.1 15.1 103.7 -14.7 3.6 476 134
201541147 H 14:00 E -13 9.8 98.8 -9.7 1.5 492 161
2010412 5H 11:00 NE -10.9 16.6 41.9 -11.1 -12.4 473 144
20144F10H 12 H05:00 NE -13.1 14 37.9 -8.6 -11.1 483 96
201449 H 14H 17:00 AN -13.9 43 358 0.1 43 471 70
20154103 H05:00 AN -10.4 4.1 339.2 1.5 -3.8 494 102
201347 H25H17:00 S -0.3 6 199.9 2 5.7 472 52
20134E8 426 H 17:00 S —4 7.8 190.7 1.5 7.7 481 73
20144E7 A 17H 17:00 S -23 7.9 198.5 2.5 7.5 484 70
20034F 1125 H08:00 SE -2.7 16.3 152.1 -7.6 14.4 504 137
20164F1020 H08:00 SE -5.7 17 146.9 -9.3 14.2 492 187
20134£7 423 H11:00 NW 03 5.8 323.8 3.4 —4.6 473 50
20144E5H30H 17:00 SW -6.9 10.1 2232 6.9 7.4 472 89
201449 H 30 H 08:00 ASE -17.1 5.9 154.7 -2.5 53 489 109
20164912 H23:00 CE 6.6 1.5 97.5 -1.5 0.2 472 62
20164E8 4 19H 17:00 uD -2 4 130.7 -3 2.6 483 65
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Fig. 3 Quantitative distribution of circulation types (a), and monthly frequency distribution of circulation types (b)
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Study on objective classification of extratropical storm surge
induced by cold-front along Tianjin coast

Wang Wanjun ' Dou Cewei?, Yin Haitao', Shen Yuefeng1

(1. Tianjin Binhai New Area Meteorological Bureau, Tianjin 300457, China; 2. Tianjin Jinghai Meteorological Bureau, Tianjin 301600,

China)

Abstract: A total of 126 cases of storm surge along Tianjin coast from 1956 to 2016 were selected. Based on statist-

ical data to study its occurrence, and classify these cases according to weather circulation situation. Extratropical

storm surge induced by cold-front accounted for more than 60% of all cases, with an average of 1.28 times per year,

and there is a significant increase in 2013—2016. Using Lamb-Jenkinson (L-J) objective typing method, extratropic-

al storm surges induced by cold-front from 2003 to 2016 were objectively classified, and calculated five circulation

indices. The results of objective typing showed that: except for one case which can not be classified, the other pro-

cesses can be classified objectively. Among all 27 types of circulation, circulation situations of extratropical storm
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surges induced by cold-front are mainly concentrated in 12 types. Types of co-influence of anticyclone and east-
ward airflow, types of co-influence of anticyclone and northeaster airflow and types of influence of easterly airflow
occurred many times, accounting for 58.8% of the total. These three types of objective circulation situation occur
more frequently and increase more storm surge elevation. It can be concluded extratropical storm surges induced by
cold-front can be subdivided into three types again according to objective classification. 80% of these three main
circulation types are concentrated in autumn and winter. By comparing and analyzing the sea-level pressure field of
typical processes, these results of objective circulation typing can be used to distinguish the direction of the cold
front and the location of the center of the cold high in the circulation situation affecting the Bohai Sea. The strength
of circulation index roughly indicates the strength of storm surge process. The objective circulation type and circula-

tion index can provide objective basis for comparative analysis of storm surge cases.

Key words: extratropical storm surge; cold-front; L-J objective typing; circulation indices



