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Leaf Area Index Estimation of Masson Pine ( Pinus massoniana) Forests
Based on Multispectral Remote Sensing of UAV
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Abstract: Fast, accurate and non-destructive estimation of the leaf area index ( LAI) of Masson pine
forest is of great significance for precise forestry management. In order to estimate LAI of Masson pine
forest, the small low-altitude unmanned aerial vehicle (UAV) platform with the American MicaSense
RedEdge multi-spectral sensor was used to obtain the multi-spectral image in western Fujian. Eight
different kinds of vegetation indices, green normalized vegetation index (GNDVI) , green ratio vegetation
index (GRVI), modified soil adjusted vegetation index ( MSAVI), normalized difference vegetation
index ( NDVI), renormalized difference vegetation index ( RDVI), ratio vegetation index ( RVI),
structure insensitive pigment index ( SIP1) and visible atmospherically resistant index ( VARI) were
calculated from imagines with seven spatial resolutions (0.08 m, 0.1 m, 0.2 m, 0.5 m, 1 m, 2 m and
5m). The correlation between ground-measured LAI and different vegetation indices from different
spatial resolutions imagines were analyzed. Five models, linear regression ( LR), multiple stepwise
(MSR) , random forest (RF) , support vector machine (SVM) and artificial neural network ( BP) were
used to construct LAI estimation model, and coefficients of determination (R”) , root mean square errors
(RMSE) , residual predictive deviation ( RPD) and total accuracy (TA) were used to determine the
optimal spatial resolution and optimal model for computing Masson pine forest LAI. The results showed

that LAl values and vegetation indices from different spatial resolutions imagines were significantly
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correlated (p <0.01). The adjusted R® average values of the multivariate models ( MSR, RF, SVM,
BP) were higher than that of the LR model. The R of different models was generally increased first and

then decreased with the increase of spatial resolution. RF model was the optimal model for Masson pine

forest when the spatial resolution was 0.5 m. The highest accuracy for RF model with R* of 0. 766 for
calibration, and with R* of 0. 554, RMSE of 0. 421, RPD of 1. 523, and TA of 81.95% for validation.

The research result can provide a theoretical reference for the spatial resolution and model selection in the

inversion of forest LAl phenotypic parameters by UAV multi-spectral remote sensing image.

Key words: Masson pine; leaf area index; spatial resolution; unmanned aerial vehicle; random forest

model; remote sensing
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Fig.1 Geographic location diagram of study area
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Tab.1 Correlation coefficients of LAI and vegetation indices at different spatial resolutions

1 B 35 5 0.08 m 0.1m 0.2 m 0.5m 1m 2 m 5m

GNDVI 0.682 " 0.682 " 0. 682 0.680 ™ 0.691 ™ 0. 606 ** 0.476 ™"
GRVI 0.658 ™ 0.659 ™ 0.671 ™ 0.663 ™ 0. 686 ™ 0.625 ™ 0. 460 ™
MSAVI 0.674 ™ 0.674 ™ 0. 667 ™ 0.672 ™ 0. 666 ™ 0.641 ™ 0.530 ™
NDVI 0.789 ™ 0.793 ™ 0.795 ™ 0.794 0.789 ™ 0.748 ™ 0.626 ™
RDVI 0. 660 ™ 0.663 ™ 0.655 ™ 0. 660 ™ 0.638 ™ 0.624 ™ 0.520
RVI 0.816 ™ 0.818 ™ 0.815™ 0.819 ™ 0.817 ™ 0.769 ** 0.643 ™
SIPI 0.724 ™ 0.724 ™ 0.730 ™ 0.729 0.717 0.683 ™ 0.624 ™
VARI 0.777 0.781 ™ 0.766 ** 0.782 " 0.796 ™ 0.728 ** 0.524

T wx RIRAE p <0. 01 JK - COUM) B I 5 4 56
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(0.382) o =S Zp HE R RUBER T  LAT FLAR 4 A5 Y
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Tab.2 R’ of single variable models estimating LAI at different spatial resolutions
R /m A AR GNDVI GRVI MSAVI NDVI RDVI RVI SIPI VARI
241 0. 464 0.433 0.454 0. 623 0.436 0. 666 0.525 0. 604
Xt 0. 440 0.399 0.443 0.578 0.431 0. 643 0.489 0. 564
0. 08 Ie 0.432 0.384 0.421 0. 544 0. 407 0. 601 0. 464 0.526
EEE 4 0. 446 0. 408 0.429 0.578 0.412 0.617 0.492 0.556
2 0. 464 0.435 0.454 0. 630 0.439 0. 669 0.525 0.610
Xt B 0. 440 0.412 0. 443 0.584 0.434 0. 647 0.489 0.570
0-1 Te 5 0.432 0.396 0. 421 0.550 0.410 0. 603 0. 464 0.533
EER 0. 446 0. 409 0.429 0.584 0.414 0.619 0.492 0. 564
2 0. 464 0. 450 0. 445 0. 632 0.429 0. 664 0.533 0.586
Xof #4 0. 440 0.430 0.431 0.585 0.422 0. 641 0. 496 0. 548
0.2 Te 5 0.432 0.417 0.411 0.554 0. 400 0.599 0. 467 0.511
EER 4 0. 446 0.426 0.422 0.589 0. 406 0.615 0. 496 0. 540
2 0.463 0. 440 0.452 0. 630 0.436 0.671 0.532 0.611
Xof # 0.433 0.407 0. 443 0.584 0.432 0. 648 0. 495 0.569
0-3 Te 7 0.422 0.395 0.424 0.551 0.410 0. 606 0.470 0.533
EER 0. 441 0.417 0.431 0. 585 0.414 0. 622 0.499 0. 565
2 0.478 0.471 0. 444 0. 623 0. 406 0. 668 0.514 0. 633
Xt 0. 444 0.434 0. 435 0.574 0. 405 0. 642 0.476 0.597
! Ie 5 0.417 0.416 0.415 0. 541 0.386 0. 600 0. 448 0.562
R 0. 442 0. 440 0.422 0.579 0.388 0.619 0.478 0.588
2k 0.367 0.390 0.411 0. 560 0.389 0.591 0. 467 0.530
POR4 0.356 0.388 0. 386 0.499 0.373 0.567 0.425 0.478
2 Te 5 0. 346 0.374 0.374 0.478 0.357 0.536 0. 406 0. 457
EER 0.347 0.365 0.395 0.525 0.370 0.553 0. 440 0. 497
2 0. 226 0. 190 0.281 0.392 0.271 0.413 0.385 0.275
Xif $ 0.175 0.177 0.248 0.336 0.241 0. 402 0.344 0.197
> Te 7 0.182 0. 186 0.210 0.291 0.204 0.355 0.313 0. 157
EER 0.234 0. 196 0.246 0.344 0.236 0.368 0.352 0.227
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(0.668) . MZS[H R REERE , LAT Z2 748 & 55

14% s FE23 ) 73 BEA N S m i), 56T MSR A5 R 4 (V8 3 R* S 24 {8 2 He s AR f SR g D LATL 278
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Tab.3 Adjusted R’ of multivariable variable models estimating LAI at different spatial resolutions
Al 0 A5 A4 0.08 m 0.1m 0.2 m 0.5m I'm 2m 5m
MSR 0.728 0.732 0.718 0.737 0.744 0.615 0.401
BP 0.743 0.711 0.736 0.731 0. 705 0. 627 0.436
SVM 0.736 0.727 0.729 0. 743 0.715 0. 649 0. 485
RF 0. 747 0.729 0.734 0. 766 0.741 0. 633 0.512
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Fig.3 Spatial distributions of LAl for Massion pine forest
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