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Outbreak mechanism of second generation armyworms in
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Abstract [Objectives] In some years newly emerged moths of the Ist generation armyworm, Mythimna seperata
(Walker), in northeastern China fail to emigrate successfully because of adverse weather conditions and consequently
remain in their birthplace to form 2nd generation populations that inflict serious damage on summer crops. Better
understanding of the outbreak mechanism of such summer populations is important to improve our ability to forecast and
manage these outbreaks. [Methods] A case study of an armyworm outbreak in Heilongjiang Province in 1978 was
performed using trajectory analysis of NCAR/NCEP reanalysis data using the WRF system. [Results] (1) Southwesterly
winds were predominant in northeastern China as a subtropical high in the western Pacific remained stable further north
than usual in July. M. seperata emigrating during these periods moved northward rather than southward, thus moths could
not return to their summer habitats in northern China; (2) The swarm of moths that settled in Heilongjiang Province were a

mixture of the local population formed by unsuccessful emigrants and immigrants from Jilin and Liaoning Provinces, and
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these moths produced the outbreak in Heilongjiang Province in 1978; and (3) Frequently passing cyclones, strong

convective weather patterns and heavy rainfall acted as key factors to suppress the emigration of local moths and force

large scale immigration into Heilongjiang Province. [Conclusion] The armyworm outbreak in Heilongjiang Province in

1978 was caused by the retarded local emigrants of the 1st generation armyworm as a result of adverse weather and the

forced landing airborne moths transported northwardly by strong southwesterly winds and then concentrated and swept to

the Sanjiang Plain by large scale heavy rainfall.

Key words outbreak of armyworm, northeastern China, strong southwesterly, heavy rainfall
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Fig.1 The total poplar branch trap catches of the 1st generation moths of armyworm in Heilongjiang Province
(1970-1990)
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Table 1 The sites for trajectory analysis
Station Longitude Latitude Periods Station Longitude Latitude Periods
. 130.28 46.82 7/25-7/29 125.22 439 7/21-7/25
Hejiang Changchun
. 126.77 45.75 7/25-7/29 126.53 44.83 7/21-7/25
Harbin Yushu
. 127.47 44.37 7/25-7/29 . 125.67 44.53 7/21-7/25
Mudanjiang Dehui
125.00 45.50 7/25-7/29 125.17 44.42 7/21-7/25
Zhaoyuan Nongan
125.32 46.38 7/25-7/29 o 125.8 44.17 7/21-7/25
Anda Jiutai
125.00 48.49 7/25-7/29 . 125.17 43.35 7/21-7/25
Nehe Yitong
124.48 47.84 7/25-7/29 ) 124.18 43.35 7/21-7/25
Fuyu Lishu
. 131.77 46.81 7/25-7/29 125.27 42.68 7/21-7/25
Youyi Dongfeng
. 132.08 47.24 7/25-7/29 ) 124.8 43.50 7/21-7/25
Fujin Gongzhuling
Chuangye 133.15 47.47 7/25-7/29 ) 124.95 42.95 7/21-7/25
Dongliao
farm
. 125.60 49.14 7/25-7/29 i 126.07 42.65 7/21-7/25
Nenjiang Huinan
133.00 46.50 7/25-7/29 ) 125.73 42.25 7/21-7/25
Bawu farm Liuhe
) 121.50 39.42 7/21-7/25 ) 127.33 43.70 7/21-7/25
Dalian Jiaohe
) 121.02 41.13 7/21-7/25 126.93 44.42 7/21-7/25
Jinzhou Shulan
122.86 39.69 7/21-7/25 . 126.31 43.7 7/21-7/25
Zhuanghe Yongji
120.42 41.58 7/21-7/25 . 123.17 45.85 7/21-7/25
Chaoyang Zhenlai
124.29 40.15 7/21-7/25 124.27 45.5 7/21-7/25
Dandong Daan
. 121.68 42.01 7/21-7/25 122.82 45.67 7/21-7/25
Fuxin Taoan
i 122.13 41.69 7/21-7/25 124.83 45.18 7/21-7/25
Heishan Fuyu
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453K 1 (Table 1 continued)

Station Longitude Latitude Periods Station Longitude Latitude Periods
123.87 41.85 7/21-7/25 123.07 44.78 7/21-7/25
Fushun Tongyu
123.00 41.09 7/21-7/25 ) 123.97 44.25 7/21-7/25
Anshan Changling
. 124.91 42.09 7/21-7/25 . 122.02 45.00 7/21-7/25
Qingyuan Qianan
) 123.36 42.75 7/21-7/25
Kangping
123.40 41.78 7/21-7/25
Shenyang
124.88 42.75 7/21-7/25
Changtu
. 124.10 41.26 7/21-7/25
Benxi
. 122.25 40.69 7/21-7/25
Yingkou

22 WRFERXARS5SY
Table 2 The scheme and parameters of WRF

Item

1 Domain 1

Location
The number of grid points
km Distance ( km) between grid points
Layers
Map projection
Microphysics scheme
Longwave radiation scheme
Shortwave radiation scheme
Surface layer scheme
Land/water surface scheme
Planetary boundary layer scheme
Cumulus parameterization

Forecast time

44.5°N 121°E
100x80
30
18
Lambert
WSM3
RRTM
Dudhia
Monin-Obukhov
Noah
YSU
Kain-Fritsch (new Eta)

72 h
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Fig. 2 Study area in WRF model and location of experimental sites
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o” represents the locations of Plant Protection Stations, including 12 stations in Heilongjiang Province, 16 stations in Jilin
Province and 15 stations in Liaoning Province (see in table 1); The rectangle filled with gray color presents the study area in
WRF model; The likely destinations of trajectories were divided to 8 regions, including (I) The sea of Japan and the east of
Sikhote-Alin Mountain; (II) The Bohai Sea and Yellow Sea; (III) The alpine area of and the west of the Greater Khingan
Range; (IV) The alpine area of the Lesser Khingan Range and the Russian Far East; (V) The Russian Far East to the east and
north of Sanjiang Plain; (VI) The northern China; (VII) The plain and hilly area in northeastern China; (VIII) The Changbai

Mountains and Korean Peninsula.
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Table 3 The poplar branch trap catches of Mythimna separata in northeastern China in late July, 1978
Appearance day Occurrence period Peak period
Location
Date  Number of moths Date Number of moths Date Number of moths
Heilongjiang 7/05 2 7/17-7/31 1169 7/26-7/28 554
HAAS
7/16 5 7/17-7/31 208 7/19-7/23 122
Fuyu farm
7/15 2 7/20-8/02 194 7/22-7/26 81
Fuyu Changsheng
) . 7/20 11 7/20-7/25 150 7/20-7/24 134
Shuangliao station
. . 7/21 62 7/21-8/03 552 7/21-7/25 281
Lishu Sunjiawa
) 7/21 4 7/22-8/05 605 7/23-7/27 367
Yitong farm
. 7/22 4 7/26-8/05 101
Dongliao farm No peaks
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Fig. 3 The forward trajectories of the 1st generation armyworm moths from northeastern China in late July, 1978

HLIJ: JL: LN :
HLJ, Heilongjing Province; JL, Jilin Province; LN, Liaoning Province. The number on each figure is the date, say, 21 means
the 21st of July.
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Fig. 4 The endpoint distribution of the forward trajectories of the 1st generation armyworm moths from
northeastern China in late July, 1978
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A.The distribution of all valid endpoints, and each hexagon covers 10 000 km?. The last endpoints of trajectories from
B.Heilongjiang Province; C.Jilin Province; D. Liaoning Province. ‘ A’ presents the start location of these forward trajectories,
‘o’ presents the last endpoints of these trajectories, ‘X ’ presents the first endpoints of the trajectories in sea, and ‘X’ presents

the last points of the trajectories that outranged.

F4 1978 F7 BTALFIH 1 R RIFHEITHER

Table 4 The forward trajectories of the 1st generation armyworm moths from northeastern China in late July, 1978

Valid trajectories Trajectories aborted
Duration  Total
Subtotal Normal Low temperature  Subtotal  Enter sea Iterative error Overrange
1 490 487 487 0 3 2 1 0
2 487 465 459 6 22 16 2 4
3 465 427 416 11 38 31 1 6
4 427 381 356 25 46 36 3 7
5 381 295 260 35 86 54 4 28
Total 2250 2 055 1978 77 195 139 11 45

x5 1978 F 7 ATARIMA | KEBIVENITRLEESH
Table 5 The endpoints distribution of the forward trajectories of the 1st generation armyworm moths from
northeastern China in late July, 1978

Valid trajectories Trajectories aborted
Regions
Subtotal Heilongjiang Jilin  Liaoning  Subtotal Enter sea Iterative error Over range
I 17 0 8 9 12 12 0 0
I 0 0 0 0 0 0 0 0
I 0 0 0 0 0 0 0 0
v 99 26 53 20 8 0 2 6
\Y% 245 78 90 77 173 127 7 39
VI 0 0 0 0 0 0 0 0
VII 126 14 68 44 2 0 2 0
VII 0 0 0 0 0 0 0 0
Total 487 118 219 150 195 139 11 45
23 20:00 7 A 24
25 20
21 7 B
22 25 7 C

23 6
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Table 6 The weather in northeastern China in late July, 1978

Weather
Province
7 21 23 24
25 27
Heilongjiang 29 8§ 1 2 3
4
7 21 22 24
Jilin 26
7 24 25 26
Liaoning
2 20:00
26
7 A~C
232 7H26H—8KBS5SH 27
5 B 26 7805 7 D 29
27 850 hPa 30
31 8 1
6 F~H 28
588 2
4
7
6 F~H 8 25
8 3 6 E
26 1 2
27 3 K
28 3 K 26
20:00
29 8 1 20:00
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