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Estimation of Leaf Area Index of Winter Wheat Based on
Akaike’ s Information Criterion

Yang Fugin'?  Feng Haikuan®® Li Zhenhai’* Jin Xiuliang’* Yang Guijun®® Dai Huayang'
(1. College of Geoscience and Surveying Engineering, China University of Mining and Technology, Beijing 100083, China
2. National Engineering Research Center for Information Technology in Agriculture, Beijing 100097, China
3. Key Laboratory for Information Technologies in Agriculture, Ministry of Agriculture, Betjing 100097 , China
4. Beijing Engineering Research Center of Agricultural Internet of Things, Beijing 100097, China)

Abstract; Leaf area index (LAl) is an important parameter for evaluating the growth status and yield
prediction of winter wheat. Spectral reflectance of leaves and concurrent LAI parameters of samples in
Tongzhou and Shunyi Districts, Beijing City, China, were acquired during 2008/2009 winter wheat
growth season. The correlation coefficient ( Irl) -Akaike’s information criterion ( AIC), grey relational
analysis (GRA)-AIC, variable importance for projection ( VIP)-AIC, VIP-predictive residual error sum
of square ( PRESS) were integrated with partial least squares regression for estimating LAI, and the
estimation models of optimal LAI were presented by using AIC and compared with traditional PRESS
function. The results indicated that the R” of |r|-PLS-AIC, GRA-PLS-AIC, VIP-PLS-AIC and VIP-PLS-
PRESS models were 0. 72, 0. 67, 0. 73 and 0. 70, respectively. The VIP-PLS-AIC had higher predictive
ability for winter wheat LAI than VIP-PLS-PRESS. Considering time domain characteristics of LAI, the
relevant data acquired in Tongzhou and Shunyi Districts, Beijing City, China, during 2009/2010 winter
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wheat growth seasons were used to validate the models in different years. The results showed that VIP-
PLS-AIC with RMSE of 0. 81 had higher predictive ability than |r|-PLS-AIC with RMSE of 0. 87, GRA-
PLS-AIC with RMSE of 0. 96 and VIP-PLS-PRESS with RMSE of 0. 83. The results indicated that AIC

could not only obtain the estimation model of optimal LAI at the same year, but also could be applied to

the LAI detection in different years.

Key words: Winter wheat Leaf area index
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Fig. 1  Study areas and positioning observation in this study
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Tab.1 Summary of spectral indices related to LAI
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WU LT A — AL A B B (mNDVIT705) (Ryso = Rygs )/ (Rysg + Ryps —=2Ryys) [24]
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Tab.2 Study of correlation between vegetation indexes

and LAI of winter wheat(n =85)

BRLEERS r Irl HERF
NDVI 0.729 ™ 0.729 11
RVI 0.786 ™ 0.786 3
OSAVI 0.798 ™ 0.798 1
TCARI 0.137™ 0. 137 16
Ricari/Rosavi -0.417" 0.417 13
NDVI705 0.765 0. 765 8
MSR705 0.771" 0.771 5
mNDVI705 0.741 ™ 0.741 10
VOG1 0.769 ™ 0.769 6
SIPI -0.618 " 0.618 12
PRI -0.782 " 0.782 4
MCARI 0. 409 ™ 0.409 14
PPR 0.341" 0.341 15
Clededge 0.756 ** 0.756 9
GNDVI 0.767 ™ 0.767 7
EVI 0.794 ™ 0.794 2

T+ R NS 435025 0.01.,0. 05 Y 2 Z KA E

2.2 HE#HIEHE LAI B GRA 4
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JO7 B O K BE 45 WL 3, Hoh S K i R 2
VOG1, 0.903, CHEBF i /N1 2 RV, 2 0. 603, 4
Bie s 54 /NFE LAL ) GRA f K3 /hH . VOGI |
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NDVI705 ,MSR705 ,EVI, PPR . Ry 11/ Rosavs « TCARI
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Tab.3 Grey correlation degree and rank of evaluation

index for LAI of winter wheat(n =85)

BELEEE IR (£ =0.5) HEy
NDVI 0. 842 4
RVI 0. 603 16
0SAVI 0. 834 7
TCARI 0. 805 13
Riycari/Rosav 0. 806 12
NDVI705 0. 831 8
MSR705 0. 830 9
mNDVI705 0. 836 6
VOGI 0.903 1
STPT 0. 853 3
PRI 0. 802 15
MCARI 0. 880 14
PPR 0. 818 11
Clcgedge 0. 870 2
GNDVI 0. 836 5
EVI 0. 829 10

2.3 HEWIEHS LAI W VIP 347

[R14E 1 FH 200872009 A 5 i 38 4 DX S [X
FHOCEHE | AT 38 > A 0109 1= D 35 AR 48 0 5
W1 2 /A2 LAT(E Y VIP 5357, A8 948 B0 & /N 22
LAL ) VIP fg BRE S 45 R IR 4. R4 W LUE
FBE$8 B0 6 & /N3 LAT iy VIP 5%k & OSAVI, VIP
B JE1.162 1, %/ 1) /& TCARIL, VIP{H /£ 0.534 5,

F 4 HEWIEEF LA Z 8 VIP B K/NEF (0 =85)
Tab.4 Variable importance for projection and rank of

evaluation index for LAI of winter wheat(n =85)

UELERES A e P B Hew
NDVI 1. 046 11
RVI 1. 125 4
OSAVI 1.162 1
TCARI 0.535 16
Ricari/Rosavi 0. 747 13
NDVI705 1. 060 9
MSR705 1.120 5
mNDVI705 1. 053 10
VOGI 1. 066 7
SIPI 0.992 12
PRI 1.311 3
MCARI 0.746 14
PPR 0. 627 15
Clcgedge 1. 061 8
GNDVI 1.078 6
EVI 1.152 2
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Tab.5 Comparison of PLS regression equations built by different independent

variables according to correlation order

A 7R fE AN [ )5 5 AIC
4 Via =3.2409 —7.852 8V g,y +7. 718 4V +0.099 4V, — 18. 662 6V, -32.67
5 Via =3.5152 =7.4155V g,y +7. 588 4V +0. 124 9V, =21.701 5V, = 0. 123 1Vy60008 ~31.26
6 Vi =2.972 =9.053 5V guys +8.309 5Vyy, +0. 121 7V, =22, 813 4V, = 0. 229 4V 005 +0. 987 4V, -29.33
Via =3. 1093 =26. 533V uyy +15. 744V, +0. 128 TV —21.306 9Vpp, +0. 180 7Vyep0s —5- 813 Vypey +
7 -32.83
25.369 5V xpyt
Vi =3.3213 =26.977 8V gays +15.993 5V,y, +0. 130 1V, =20. 732 1V, +0. 175 9V 6005 = 5. 901 9V o) +
8 -30.84

24.496 3V ypy; + 1. 180 5V pypmps

TR Vi 0 T BUE B, Vosavi i OSAVIF5 8, Vg 0 EVIAE L, Vi I RVESE R, Vi 9 PRUFEEL, Vigspros A MSR705 458, Vyoer N

VOG1 #5558, Venpyi N GNDVI 355, Vipyros 9 NDVIT05 3538, F [l .

* 6 1RIEGRAHERKREME

TEHET PLS 72 AIC HILE

Tab.6 Comparison of PLS regression equations built by different independent variables according to GRA

CES Il )4 75 AIC
4 Viar = —47.7238 +7. 181 8Vy 00, = 3. 264 5V puqpe +25. 813 8V +17.863 1V, ~12.50
5 Via = =59.3085 +13.281 TV, = 5. 651 4y e +32- 512V +27.791 1V, = 17.394 6V, ~11.85
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Tab.7 Comparison of PLS regression equations built by different independent variables according to VIP and PRESS
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Fig.2 Relationship between actual protein content and predicted protein content at the winter wheat
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