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Numerical simulation of the migration parameters of the Brown Planthopper,

Nilaparvata lugens (Stal)

BAO Yun-Xuan, ZHAI Bao*Ping *y, CHENG Xia-Nian (Key Laboratorv of Monitoring and Management of Plant Diseases
and Insects, Ministry of Agriculture, Nanjing Agricultural University>s Nanging, 210095, China). Acta Ecologica Sinica,2005,25(58): 1107 ~
1114.
Abstract . Based on the data of the insect trap catches. the entomological radar surveying. and the weather observations in the
China, some processes by which the northward and southward migrations through China of the Brown Planthopper
Nilaparvata lugens (BPH) occur during July and October in 1991 were picked out. These processes have been investigated with
an advanced mesoscale numerical weather-forecasting model, MM5 (V3. 2) and the 3D windborne trajectories of BPH’s
migration were simulated. Some parameters, such as the source areas of the migrants, the destination areas, the migrating
speeds, the altitudes at which the migration occurred, the flight durations, the distance covered during the migrations and so
on, were calculated. Consequently, the simulation outputs were verified by the BPH’ ground investigations. the surveying
echoes of two entomological radars (a Q band radar with 8. 8mm wave length and a X band radar with 3. 2cm wave length) and
the aerial netting samplings.

From the results of these simulations, the following characteristics of BPH migration within China can be identified. (1)
For northward migrations, the main source area of the migrants was between latitudes 22~27°N and longitudes 110~117°E.
There were three destination areas: the most important extended from 29~36°N and from 115~122°E ., while the minor ones
were (1) from 31~35°N and 108~113°E and (1) from 27~29"N and 117~121°E. For southward migrations, there were two
main source areas (1) from 30~36°N and 116~122°E, and (i1) from 30~36°N and 107~115°E; and two main destination areas
(1) from 23~28°N and 107 ~116°E, and (1) from 24 ~28°N and 117 —~122°E. (2) The main direction of the northwards
migrations was SSW—-—+NNE (average bearing 032°), with minor directions of SSE-—+NNW (356°) and WSW—=ENE (067°); for
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the southward migrations, the main directions were NE—>SW (221°) and NW—SE (132°). while the minor directions were
NNE-—-SSW (184°) and NNW->SSE (173°). (3) The average speed of the northward migrations was 12 m/s (range 0~45 m/
s), and for the southward migrations 9. 02 m/s(1~31 m/s). (4) The average altitude at which the most intense migration
occurred (the average altitude at which the densest trajectory lines occurred in the different moments) during the northward
migrations was 1650 m (range 250~2 600 m), while for the southward migrations it was 1000 m (100~1 500 m). For both
northward and southward migrations, the optimum altitude (the altitudes at which the densest layers of the trajectories
occurred) was approximately the same as the altitude within the lower atmosphere (the zone affected by daytime convection) at
which wind speeds were greatest. (5) For the northward migrations. flight durations were mainly in the range 24~ 32 h
(extrema 7 and 49 h), while southward movements typically lasted 18~26 h (extrema 4 and 35 h). (8) The average distance
covered during the northward migrations was 1 200 km (range 350~1 850 km), while for the southward ones it was 800 km
(range 100~1 100 km). The greatest distances wereachieved by flight at the altitude where winds were fastest. and the
smallest by flight at the lowest simulated altitude. (7) These simulation results conform with field surveys of BPH populations
during this period and the simultaneous observations with two entomological radars.
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Table 1 Simulations for BPH’s emigrated regions and immigrated regions
R IVE X 4y bt Migrating northward B i Migrating southward
Simulated 7H 12~14 B 7 H 20~22 H 10 H 3~5 H 10 A 9~11 H
parameters Jul. 12~Jul. 14 Jul. 20~ Jul. 22 Oct. 3~Qct. 5 Oct. 9~0ct. 11
B ” [ (29°58" ~ 34°26' N, I (30°26'N~36°01'N,
3:°% 1) I (22°12'N~27°02'N, I (22°31'N~-25°38'N, 107°34 E~112°58'E) 116°05'E~121°55"E)
Emigrated regions 110°18'E~116°19"E) 111°32'E~115°34"ED I (30°51"~ 35°44'N., B (30°05'N~35°57'N,
115°56'E~121°47"E) 109° 14’ E~114°27"E)
I (29°36'N~35°52'N, I (30°12'N~-34°57"N,
115°19E~121°27"ED 116°03'E~120°51"E) I (23°46'N~27°38'N, I (23°45'N~27°59'N,
b 7% IX I (32°17"N~35°10'N, I (31°30'N~~34°56'N, 116°52'E~121°18'E) 106°58'E~114°15"E)
Immigrated regions 108°08'E~112°52'E) 108°21"E~113°06'E) I (24°07"N~28°03'N, I (24°55'N~27°51'N,
M (27°24'N~29°05'N, W (26°55'N~~28°57"N, 109°15'E~115°43"E) 17°19 E~120°54"E)
117°08'E~121°32'E) 116°59E~122°07"E)

* 1 FREIEH S EREIE X Main emigrated regions or main immigrated regions: T . 1 B ¥ #b 5% 8] 5% X Minor emigrated regions or

minor immigrated regions
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Table 2 Analysis and simulations for BPH’s migrating paths

SR E k£ Migrating northward M i Migrating southward
Simulated 7H 12~14 H 7H 20~22H 10 A 3~5 H 10 H 9~11 H
parameters Jul. 12~14 Jul. 20~ 22 Oct. 3~5 Oct. §~11
- ‘ [ KA (SE) [ AR SW)
,_ _ P RdERIL (NNE) [ RAE R AL CNNED " o e
K b ﬂ“ﬁ A ﬁ_ T 7 B W g (SSW) I ZREMWE (SSE)
AT I PAERALCNNW) I PHIEm L (NNW) " BOR
Migrating directions I %L % (ENE) B %40 R (ENE) B P4 (SW) I ZKE(SE)
x NE ALK A (ENE V% 4 R A (SSE) VPR R R (SSW)
1 132°22 [ 220°50°
o . I 31°31 [ 33°33 o
i Y7 A o e I 185°539 I 174°4Y
Migrating azimuth bS03T7 35738 m 222°31 M 139°44’
' 1zimuths 2% 39°
Rrating I 67°02' I 66°24' N "‘
NV 168°23 NV 180°36'

* T FEL R M FET KH A Main migrating directions or main migrating azimuths; I (0 (N REF K m ik B K Ay

f§ Minor migrating directions or minor migrating azimuths

AEFPE D F HE CERIE 8~16m/s 2 0] B 4 a8 RI WERITOGERHEN
WECHT 100% ,7E 9~ 15 m/s Z 8] & 43 BBy 97. 22% 4 Table 3 Simulations for BPH’s migrating speeds

10~14 m/s Z 6] 8 &7 BB %Ay 81.24% ,7E 11~13 m/s 2 mAE Y EHITK /D aF K

s 2R /g i R 'S ' S

B £ o BB B 52.78% M AABIR R EA M UL 1 % KR BEm/e) FEm/) - FEm/s)

Miorat: Maximum  Avcrage Minimum

)M ERINAT S AL & KB E KEER N 15. 92m/s « Bx Brating processes migrating  rigrating migrating
N R 8. 47 m/s . KT bRl — R UK b4 B b LA M sk _ Speed  sbeed speed
RIX A5 AR R OEH S ERER R TR Ko 12T HE T 4283 12. 64 0. 67
e e ‘ o Jul. 12~14 WHEE 41. 88 12.19 0. 35
B ETRE. BEFE L UMKERERFKERER  jul. 20~22 -2 43. 75 12.27 1. 02
KIECHZBEREL 12 m/s U ERMBRERB K52  10H3~5H e 29+ 39 9. 03 l. 12
WA SRR KRR LR R WA AR g O ST B 866 e L)
10 H9~11H i 31. 03 8. 97 0. 76

HRETERR. ZBUTH KB A EHEEE THRT CERD Oct.
M k2 EWFE R B BT CERBEE, MX— 45,8
RENENEP T EES R ESRGEENN SO GHE
WABIH LR,

FIE B PP E RE R 5~ 13 m/s ZIRIEY o SAE ARSI 100%  7E 6~12 m/s 2 [6] 1 & 25 RE 2 B0 1 98. 01 HE 7~11
m/s Z [H] BY 5 SEE AR 78. 84 % . 7E 8~10 m/s Z A By & SR A BRY 49. 269 1 HER W FIER A (WK 1 B2, T
i ) B RO 393E CE BN 12. 96 m/s, B/ F1IK 5. 38 m/s . H K IT 5 I B 7K 4 i LR X S 5R S AR 1T # sk O
[>§_méi??ﬁﬁmmabﬁ’a‘mﬂﬁﬁéﬁ%mﬂ*ﬁ%ﬁﬁ@ﬂ%i%[ﬁﬁjhﬁaﬁtﬂﬁﬂmE'@ﬁﬁqﬁ%%ﬂﬁ#ﬁmﬁﬁﬁrﬁ]muﬂm‘mﬁ

9~11 IR i 29. 95 9. 12 0. 93

1 Calculations forward; 2 Calculations backward
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RIC AT X g i f’ﬂ“ - iii:rating northward

dy AT L R KA T R P, FE GE R ;\;g 80 |- W
LE R EASH REFEOBEKEIRBERL KITRRMY I Eg 60 - Migrating southward
GIEEE §,§ 40 ,"f
2.4 T KEE ﬁgﬂ. 20 | j,’

it 2 4 DRSBTS RSN T R g T
TERUNE BRRE— L B CELTHATERE T T Pl k3K Average migrating speed (m/s)
BIEERL6m AR . T KAEFYEHEE2080m £ . K
KEVYHEEE1125m AL, B A EAE 2 602m. B Bl 1 3§ CECEE T CEREIT O
BB IE 2 237m; M A PR BE 2 1 000m £ 4. i K THUZ Fig. 1 Statistics of BPH’s average migrating specds
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Table 4 Simulations for BPH’s migrating heights

5 % d KIREFHHEm) FREEREHEE i CIKE V-2 & ()
Simulated parameters Average heiygzht of upper Average height of dense Average height of lower
migrating layers migrating layers migrating layers
s I K{H Maximum 2309 1900 B 1580 o
‘ Calculations WY {H Average 2100 1656 1140
Mii&:fing forward %d‘*{ﬁ Mini-mum 1890 1410 550
ethorard ﬁiﬁ I K {H Maximum 2367 1950 1280
Calculations  ZHy{ Average 2063 1648 1110
backward B /MA Minimum 1880 1510 430
Wid Ix A {H Maximum 1509 1075 B 691
Caleulations Y- {H Average 1158 067 383
A i forward m¢/PpME Minimum 1076 491 263
Migrating ¥ B K{H Maximum 1528 1139 634
southward Caleulations -31{H Average 1165 1032 356
backward B /ME Minimum 1014 380 238

TE B2 53 BT B R Bt AR 8 S 00 458 2 BTk X 0 3 2 R KU (5 000m DA TR N4 SR 1T T N8 H 8 188 T 45 2 b 1] B9
Y AR 2 R B K2 W B AU R (B 2) . Wk 4 MU 2 R B0 18 R AL T IR 25 T WO B LR A 5 % A K
EBRXZEHY G BT,
2.5 KAt

IRAE B R T O R AT OB, RGO O WA R BB AT R R 24~ 32 h( b S
R 91. 6750, B DB A £ K 18~26 h (b BB 92. 68 %) (WE 5). ILiF A B BT ik 49. 36 h . 5L & jg 1 4
6.82 h, B iE B & At 4 35. 10 h, B4 B84 3. 98 h,
2.6 TREEE

& GBS R REVE X KB bR p A R A L E B R T KB BRI R i B A A T G R R A Y T L B e ) R
REXTCER., X4 M T KLBORLTSECTHERI L E 6) 8 AT RIS il 5% 1 851km. 5 (940 % 344km.
F328 1 210km; MRS BGEE CHER 4 1 086km , B 94K 119km, F#3% 790km . A BB R AL & 6) . 7T
PR (BT ) AT RIR A M X AR R 0 KU B KR T ST CBREE . LR MK RS M B . IR I 48 K EL e 2 b
B L GE e, T KB A RN A R s KU T v A
3 i

(AT BRI ERE#K P REES D BEBTRER MMS 5 —F BB R KRR R E R B gl
& CEHBRES TN SEEEL, XE I LR K ZEAWEH#ZLETEQRTEMES 46 0F . BE X
RENFZHEMER BT K. P AR ARBEHRXSARGNEAHEENAEE R, ML REYH S B A KT8 E s
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WE A — e (PR R R PR SRR KEES BE ZEXNETHREAREBEERE F R L E17H 4

i : X - i - A" . ™
k.5 HRER BRI HE LS EEEN. ERNFERE 30kmX30km BRI KB NERFIEEY K. B%K PCVSAT
SRVETBZEIWESGXAE MMS # HBEEE) M MICAPS SR ERGEhtBASZ(THEHES AREASE SO T E
TE 42 4 0 A S ZOHE K 8 0 i Ak
~-— TJ 12-14 H —{3— 7H20-22H —AN— 10H 3-5d —¢— 10 H 9-11 H
Jul. 12~Jul. 14 Jul. 20~ 22 Oct. 3~5 Oct. 9~11
E 2100 -
5
S 1800
7
%_ﬂ 1500
I 3
% = 1200
og & 900
&
+
S 600 |
"8h
& 300 i I | | l | L g i R | i L i | 1 N IOV SR B |
e 14:00 18:00 22:00 02:00 06:00 10:00 14:00 18:00 22:00 02:00 06:00 10:00 14:00 1800 22-0
16:00 20:00 24:00 04:00 08:00 12:00 16:00 20:00 24:00 04:00 08:00 12:00 16:00 20-00
48] Time
B2 #& K EASFECHBNARNIFAMMENMATERAXRERS T
Fig. 2 The height of the largest wind speed level in the lower convective layer during different BPH migrations periods
£S5 WRRAICHBMSIT
Table 5 Statistics for the migrating durations of BPH
L KBt . | SV B
. _ <8 14 19 21 24 28 30 32 35 40 >4
db 1T Migrating durations S Sum of trajectories
Northward 9, 195 %
. . !_“ A f ¢ 2 ]
migration Number of trajectories 11 15 16 31 385 606 670 128 56 42 16 228
5 E‘ & NN
A i ﬁ.ﬁs‘ﬁ. f . <59 12 15 18 20 21 24 26 28 =30 w0 _ |
Migrating duration Sum of trajectories
Southward
migration B 31 25 27 57 302 876 455 316 134 36 21 2280

Number of trajectories

X6 MTAITCEESEIT
Table 6 Statistics for the migrating distances of BPH

T Cd

Migrating processes

i KR dt  xt Migrating northward B if Migrating southward
Migrating distance(km) (B /H) (month/day ) (H/H) (month/dav)
7/12~7/14 7/20~17/22 10/3~10/5 10/9~10/11
K1t KEE B Longest migrating distance (km) 1851 1783 1053 1086
-3 5F CBE B Average migrating distance (km) 1228 1191 796 7384
B 5 1T K BE B Shortest migrating distance (km) 406 344 119 176
i X2 T i KBE B Average migrating dist '
. ' ¥ B ge migrating distance in upper 193] 199 830 -
migrating level (km)
i CE ] TE A igrating dist in de
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Table 7 Comparisons between the investigations and simulations of BPH’s emigrated regions and immigrated regions
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