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Table 1 Radar observations of insect migration
P i) Hh CiDA CIAXLES WL P 25 SCHik
1968,9—10 JE B IR LUT/ALRC X S 9 ERN AR MEL, 80 [173]
1969, 6—9 Ede| USAEIC X Bty 4 Lvgiss [4]
1970,2,8 *E ZE R T 908 0 FM-CW B 5 KRS E (PBL) 454 [°]
1971,3,11,12 L LUT/CSIRO X S WERR . e R [2.6]
1971-1974, 10 Pinat LUT/AARU X At ey (2]
1971,6;1972,8 B OPDCRA Ka 4547 8- 6mm R FUXHAR 2 512 P Y angels [7]
1972,2—3 YRR R COPR X HH5 . IH AR E (8]
1972,3 TR CSIRO X HFHE 9 R T it (6]
1972,11 FEIHR I COPR X St 4 JEIRE H A 3E S SHIEN [9]
1973,6,9—10 IR CSIRO X B, 1t IO IRT K [10]
1973—1976,7 JIEYN LUT/AARU/CFS ESELTR Ik P 2 kT K R R BB 25 A WL [11,12]
1973,1974, 11 e COPR X ARt LR [13]
1974, 2 WA FI CSIRO X A TR 22 W8 45 ) B RGE K [14]
1975,10—11 o COPR 2 F1%. VLR e, 3 ST 32 7 [R] ESUL U [15]
1977—1978,1—3 AF T CSIRO/COPR X HFHE 9 2 3055 A O [ e L A v 5 [16]
1978.9—1979.3 PRI T CSIRO/APLC X s, 94 PBL PYBES 430 T R AT & [17.18]
1978,9—10 g COPR 2 F1%. IVLR e Ay, 3 R Tk 7 ] U [19,20]
1978,8—10 £H WCRL X HFHE 9 SEE AT RO R R [21]
1979—1980,2—4 R COPR 2 394, 1 anhh 5 b B 725 A1 % ] A ML YA o [22,23]
1979,1980 E3E| WCRL X S 4 HFT KR, MH R & [24]
1979,7 i aIT Hit, a4k g o TR PN o SO IR 44 A 2 [25]
1979,10—12 TRAFI CSIRO X AR H W R ] | 45 R R R 4 0 A [26,27]
1980,9,12 NN CSIRO X S %S 2 A XU vh 1 B oy [28—30]
1981,3—9 EE M SGIRL X HFHE 9 TR MHE R [31]
1981,9 PAFI CSIRO X At HPE PBL BRI 30 5 B BT [32]
1982.3—5 =R COPR 2 4. VLR 3 AL [ A XL S kG [15,33]
1982,3—4 2 1 USDA-ARS X HH KRG 5 B iuE [34]
1982,4—5 L M INHS/ISWS 2, IR S X H5 R i A B WL R R L KRR [35]
1982,10;1983,4—5 SR USDA-ARS fivak Rk AN E B A BT [36]
1983, 1984, 6,9 S E 1 USDA-ARS X HFH R E B R EIRE & [37,38]
1984, 3 Ei e TDRI/CSIRO X, Q it H14 P FEX S K EAYIE | [39]
1984, 6 Y B JAAS X B 4 R B 20T [40]
1984,8 S M INHS/ISWS S St . £ gk st 4 0 B B AT R [41.4]
1984,9—11 KR CSIRO/APLC X i, 44 WA TN S IR IR R T K [TREWS ]
1985—1990,5—6 2= [ i APMRU X AR Heliothis 532 1 3T & [43,44]
1985,1987,4,7 S USDA-ARS X S 4 B IR RATTT [45]
1985,1986, 11,12 Ep g TDRI X HFHE 9 M4 i, ZLC-VLR BiKiX% [46]
1986, 6 o E A FE JAAS/CSIRO X By 4 BRI ARI [47]
1986, 1987,7 2 APMRU X, S oA Heliothis.zea, M. 7 A F1R A [48]
1987,5—6 o[ 1 APMRU WLk % Heliothis 5% 8 1E % [49]
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Table 1 Cont
i ] BV Hpr CEaEES PRI SCHk
1987,1988,5—8 T E AT JAAS X St 4 ALK R BRI | [50]
1987,7 F I bk NDARB/ISWS S Sy . £ %) g R E K5 PBL T E LB [51,52]
1987,7—8 HE UPS Ka #57 . 8. 6mm FRIEHT 6 AY B A AR AR TR [53]
1988,1989,2—10 2 N CIPMRU X H5H . 14 7 [0 PBL 445 Bl 1P ¢ [54]
1988—1990,3—4  SE[E WA FHF CIPMRU/CHBRC X B 4 BRI AT [55,56]
1988, 1990, 9 P E T NAU/NRIRU X, Q At H14 i R ELAY B ZE ()T [57,58]
1989,3,5,6 2 [ M) IBPMRL Bz, 4 A T K59 A PBL 454 [59.60]
1989,5—6 o ] i £ ] JAAS/CSIRO X B 4 AR R GBI TN AR L [61]
1989,10—1990.1 AR CSIRO X S5 . 1 B A TAT ARG AT [62]
1990,1991,1—12 [ M CIPMRU VLR FESE 2 AR FP LAY E B [63,64]
1990.11—1991. 1 KA CSIRO/NRIRU . VLR H4% H3E K 5 NRI VLR iRX% [65.66]
1990,1991, 6 ThE EhEER JAAS X HHE . 19 R EFERIE [61]
1991,7—8 EE BT Rk NCAR ZEBRGER R R Ry 3 VR A [67.68]
1991,10 PEES NAU/NRIRU X Q St 4 & KB TGS I e i o] [69.70]
1992,5—6 rh E AL JAAS/ASOP X HH5 . F4 K FERIE [61]
1992,6—7 FEEM APMRU X A H Heliothis 13T & fs 4% [71]
1993,1994,5—6  EEEBNE INHS/CSU S St % ) I R B R [TREWS ]
1993,1994,9—10 EHIZB NRIRU 1, VLR PEETE [72]
1994, 9 [ APMRU VLR, NEXRAD VLR 5 £ 45 5 5k N s [TREWS ]
1995—1999 2 [ M APMRU 4, VLR H.zea, Spodoptera exigua HJiE & [TREWS ]
1995,6—9 Hi[E Malvern NRIRU VLR VLR KAV R R A Pl (9]
1995—1999,6—8  3t[E Harpenden NRIRU W R AT R [73.74]
1996,3,6—9 2 [ fiE M AMPRU/ASOP Hi, BRER VLR ZHL 3 b [m] B UL Lb B 2 B [TREWS ]
1997, 6 I5 22 R R NS YN EZ.2E$7S IINSEIE R [TREWS ]
1998—1999.5—12  WRBFEE/R L ASOP/APLC/UNE VLR kAN [75]
1990.5 Y[ Harpenden NRIRU/IACR VLR Yokt 2 TR ES Y B HUE TR [74]
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Fig- 1 Geometry of VLR and target configuration
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Fig- 3 Migratory paramcters of Australian plague locust sampled by insect monitoring radar in NSW Bourke: Australia
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Entomological Radar . from Research to Practice

ZHAI Baoping
( Key Laboratory of Pest Monitoring and Management of Agricultural Ministry of China> Department of Entomology »
Nanjing Agricultural University» Nanjing 210095, China)

Abstract:  Insect migration panorama was always regarded as a black-box " before radar entomology was borne in
1968. Comprehensive and intensive studies have been undertaken in UK, USA, Australia and China since then. Al-
though many new phenomena and their mechanisms in the process of insect migration have been revealed by radar and the
technique s utility for insect migration research is clearly established, it is: however: the complexity of the equipment
and labor-intensive nature of the data analysis procedures in radar entomology that form a giant obstacle to apply the tech-
nique to become a practicable and economic proposition for routine and longterm monitoring- The development of the
ZLC configuration enable radar entomology entering a new era- The current emphasis on shortterm, and intensive studies
on emigration events will be replaced by long-term monitoring and to the detection of immigration events- Fully automat -
ic, unattended operation; with immediate analysis and processing of the observations and full dissemination of reports
within 24 hours. will hopefully let the outbreak forecasting of migratory insect pests to be operational - The characteristics
of the ZLC radar and its prospects of application in China are reviewed - Developing a VLR network in China and combin-
ing with the GIS technique will produce an operational surveillance system for migratory pest outbreaks- Possible applica~
tions include monitoring the side-effect of large=scale pesticide spraying, comparing insect diversity in different environ-
ment » and monitoring the effects of environmental change such as deforestation or varying pollution levels-

Key words: insect migration; longterm monitoring; vertical looking radar; insect monitoring radar



