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Research on the forecasting model about area of the outbreak from oriental
migratory locust using of LAJ '

WU Tong, NI Shao-Xiang, LI Yun-Mei ( College of Geographical Science, Nanjing Normal University , Nanjing 210097, China) . Acta Ecologica
Sinica ,2006,26(3) :862 ~ 869,
Abstract; Since 1980s of the 20™ century, outbreak of oriental migratory locust has rampantly emerged again in some regions of
China. It is particularly important to monitor timely and accurately the intensity of damage from oriental migratory locust ( Locusta
miératoria manilensis Meyen) for realizing efficient control and prevention of this kind of insect pest.In this study, Huanghua city
in Hebei province was taken as the study area. From the point of view of the mechanism of developing the optical models, four
algorithms used for LAI retrieval based on the gap fraction of vegetation canopy were quantitatively analyzed and compared. These
methods are the Bonhomme & Chartier algorithm, the LAI-2000 algorithm, the improved LAI-2000 algorithm and the Campbell’s
ellipsoid distribution algorithm, respectively. Three types of vegetation which are most popularly distributed in the study area, i.
e. reeds, cottons and weeds, are selected as the targets and the original datum of vegetation get collected from 14 sampling sites
and used in the study. A fish-eye digital camera manufactured by the Regent Instrument Company was utilized to obtain the
spherical images of vegetation canopy, and WINSCANOPY2004a was made use of in processing of the datum of gap fraction of
vegetation canopy .

In order to compare the accuracy of LAl retrieved by four kinds of algorithms and find out one which is mostly applicable to
LAJ retrieval in the study area, the relations between LA[ retrieved by the different kinds of algerithms, their logarithmic averages
of the retrieved LAI and the corresponding vegetation index are statistically ‘analyzed, respectively. The results show that, firstly,
a positive correlation exists between the retrieved LAl and vegetation index for all three kinds of vegetation in the study area.
Secondly, the accuracy of LAl retrieval by the LAI-2000 algorithm and the Campbell’s ellipsoid distribution algorithm is higher
than that of the Bonhomme&Chartier algorithm and the improved LAI-2000 algorithm. Thirdly, with the Bonhomme&Chartier
algorithm excluded, the fitting process between LAl retrieved by the other three kinds of algorithms and RDVI retrieved from TM
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indicates that these algorithms all perform much well to reveal the growing conditions of vegetation in the study area, and, among
them the LAI-2000 algorithm is the best one in terms of the accuracy of LAJ retrieval. Finally, the fitting between the logarithmic
average of the LAJ retrieved by three kinds of algorithms and RDVI retrieved from TM also shows that the LAI-2000 algorithm is
the greatest for the LAI retrieval of the vegetation in the study area. In addition, it is found that a negative correlation exists in the
relation between LAl and the area where the locust outbreak appeared. In other words, with the decrease of LAI, the area in
which the locust outbreak appears increased. Following this step, a forecasting model based on the datum of outbreak areas and
LAI was developed to predict the area where the locust outbreak( ALO ) would emerge, which is ALO = - aln(LAI) + b. In this
fitting, @ and b are both adjustable coefficients. ‘

Key words: gap fraction; leaf area index (LAI); vegetation index; oriental migratory locust; forecasting model
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Table 1 General status of the sample areas
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Fig. 1 The distribution of sample sites in the study area

B2 FISHHRE P R E &
Fig. 2 The canopy image of reeds taken by the digital camera
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Table 2 Correlation analysis between the LAI derived by the different
algorithms and the measured LAI

— T E A

The univariate linear R? Sig .

LAI B 3

LAI algorith
algorithms regression models

Bonhomme&Chartier B

= 14, 20.689 0.702 0.05
Bonhomme&Chartier algorithm ! 68x + 20

] . _ 9. 1.931
LAI 20003:}\2; ¥ = 21.679x + 21.93 0.811 0.0
LAI-2000 algorithm

g SR = 18.252x + 28.285
LAI-2000 HC 3t 8IS % . y wr 0.658 0.05
Improved LAI-2000 algorithm
Campbell # 2R 57> 1 R/

Campbell’s  ellipsoid  distribution y = 22.4x + 23.83 0.795 0.05
algorithm

B LA Wi s T ARAE A0 B, | K 3% 4.390. SR
HERS LMW X WG EEREFEY LR BEUEX UM EN B, BEEIEL 7%, H LAl 85T
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Table 3 Comparison of LAI derived by the different models and algorithms
HP A Beer-Tambert #1 %! — 4 A

Beer-Lambert Models One-dimensional retrieval models

Bonhomme&Chartier 8. 7% LAIL-2000 il 8 8 3% Campbell #3872+ 78 5 &
Bonhomme&Chartier algorithn Improved LAI-2000 algorithm Campbell’ s ellipsoid distribution algorithm

Types of vegetation

LAL-200 B %
LAL-200 algorithm

P % Reed 4.390 2.600 2.105 2.290
#4E Cotton 2.023 1.463 1.155 1.150
R Weed 2.428 1.340 0.918 |.092
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REXWHEgH R ERFEEHFEEKET, WH Al RIBEE R LA/ KR T ELME. BT Bonhomme&Chartier &
MRIESERMEBR, BT AREEBIZEL,

(3)LAI-2000 5 3 i) [ 45 SR 5 Campbell #3437 3505 H13E, B 41858 K F LALI-2000 By it BRI B %, X F
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P REF) 360°, B W 2 2 H B I R, (H 2 TR N & UCHU 2w, BY K TR B/ & RO B i B, R 2 TR R
HE i, 24 LAI-2000 BRI o Mn AT K BE S B, 2 2 KBS 0B mE K, B8 14l REERR/D.
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Table 4 Correlation analysis between LAl derived by the different algorithms and VI
LAL ® ik —LERENA B HRRY

LAT algorithms The cubic equation regression models

R* Sig .

LAI-2000 ¥ 1%

LAI-2000 algorithm
LAI-2000 B i %) 9
Improved LAI-2000 algorithm

Campbell #3R 73 R &

Campbell’s ellipsoid distribution algorithm

y = 0.0744x% — 0,4095%% + 0.7224x - 0.0894 0.774 0.05
y = 0.0451x% - 0.23722% + 0.3832% + 0.1143 0.656 0.05

y = 0.0794x° - 0.38552% + 0.6107x + 0,0046 0.705 0.05

HEA4TN,3FELREN LAI 5 RDVI Z R RE RN, BB LAT #9388 KR 3 48 B2 4k 46 1k o
Ko XU BRFABEAGWNERSES M WRESRTETHIRE, B RA%M 3 MERFREHN
LA #REEE T SRR AR 2 X A R 00, =P L LAL-2000 BB M RIEE E &,
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ML J2 P9 B9 YE A5 38 16 & 5T B9 R0, 53X St Campbell #6ER 475 8 55 69 BB K . i H., WinSCANOPY 2004a &
RER MR aA8 AP REECHERAB N LKL R X HEH Campbell #5R 4 i B 3 69 f4 8 (5 7™
HERT M. AL, AIRFEAEVA 8 MR 20 N RTARE , HREXEBEEREHEBEETENILEE,
T Campbell BB XA X MAELEFHRE, HEIE MAHRERE, E5ULHETMIAR,
Campbell # 3R 4> 1 B B 1R 2= BAUSN A RT3 K, O LAT B9 BI04 B A8 X B4 o
2.4 LAl HEEMSTEOEYS RDVI X R
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MEWMMBETE FUAESE ERREEN LA S8R, EMER, A ENEARLRER Y
— , MMAEREERARY—, A, B TFHARBEENSEERERESTMIEMILYF, XU REER 147
WAL AR Z — . Gardingen %% 52 HH X BCE B R MR BEML S B 42 B R B E MM B9 A F
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(2) CIREEHE 1.1~3.0 Sk/m® ¥ LA , . |
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KBFEE 3.1~6.03k/m’ B ‘ 05—  LAI(2000 B E )-log 5 HI BN K T
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BWERE, S CRFEFE/ DT 1L/’ 67, KBERETMY 0 1 LAI(Z(fOOEKﬁﬂa)-log 4 5

LAIRBIEMX, B FEE LAl WK, CIBH AL 0.5  LAI(campbell)-log SH M %X % M
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R LSS ERN 2, BER EETRE
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% E /J\ F 1k /m? At , KEX?*E%EEB‘JE'\ ﬁi -2 uﬁlﬁ N , ® Fig.3 Correlation analysis between the logarithm average of LAl and VI
EU LA, HE, S CREERNER ESENT FH TR CEHRER R, FEERN S ERR
AN TSR LAT BB, HETI SR A R R A R K. BT 0BT, EEMET W R AWM
MR, LOA R CIRRAETER, LOA ATLAKR N

LOA =~ a x In(LAI) + b
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) LAI ATAE 0 M el R A AR R E B R IE S B
3 i
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BHRBWGEITER, 2 LAl SHEBEERZ AFEFELEEMXR, F,E KN LAI-2000 B3R BE &K
O X B LA WE

)BT LAl SRERZERHRZIAMRA, KA CREENT 1~6.0 k/m” BN, CEEERHY
LAI B B AR RR, BIBEE LAl WD, RIB R R EERN K, TEObEa b, IS LA BT W R EEM
A TR AR R, 2 T R R A R R T AR 55
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