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Abstract: [Objective] Most of the existing leaf area index (LAI) products have some problems, such as low
resolution, abnormal data and low accuracy, which are difficult to meet the requirements of some applications.
Therefore, this study proposes a method of fusing multi-source LAI data to reduce the differences of data from
different sources and improve product accuracy. [Method] The broad-leaved forest and coniferous forest in
Maoershan experimental forest farm were taken as the research area. Based on MODIS LAI, VIIRS LAI and
PROBA-V LAI products in 2017, the LAI background database was established to correct low-quality data by

using years of LAI data as prior knowledge, and 3 LAI data sets were downscaled by mixed pixel
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decomposition. Based on Sentinel-2 reflectivity product coupling ensemble Kalman filter (EnKF) algorithm,
LAI dynamic model and radiative transfer model, data assimilation was carried out. Finally, 3 LAI data after
assimilation were weighted and fused, and the accuracy was evaluated by using measured data. [Result] In
broad-leaved forest, the correlation coefficients between the assimilated MODIS, VIIRS and PROBA-V LAI
and the measured data were 0.59, 0.56 and 0.62, respectively, which were 0.57, 0.52 and 0.57 higher than the
original data. The root mean square error (Egpygg) were 0.37, 0.31 and 0.14 respectively, which were 1.23, 1.69
and 1.06 lower than the original data. In coniferous forest, the correlation coefficients between the assimilated
MODIS, VIIRS and PROBA-V LAI and the measured data were 0.59, 0.49 and 0.56, respectively, which were
0.52, 0.30 and 0.40 higher than the original data. Egygg were 0.24, 0.28 and 0.19 respectively, which were 1.22,
0.67 and 1.35 lower than the original data. Through the fusion method, the correlation coefficients of LAI in
broad-leaved forest and coniferous forest were 0.83 and 0.76 respectively, which were higher than the data after
assimilation. Egxygg Were 0.15 and 0.13, respectively, which were smaller than the error of the assimilated data.
[Conclusion] Through data assimilation, the accuracy of 3 LAI products is improved, and the fused LAI data
has higher accuracy and reliability than the single LAI data after assimilation. [Ch, 4 fig. 2 tab. 30 ref.]

Key words: leaf area index (LAI); MODIS; VIIRS; PROBA-V; reconstruction; ensemble Kalman filter
(EnKF); data fusion
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Table 1 LAI product data and basic information
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Figure 2 Changes and reconstruction effects of 3 LAI time series curves in broad-leaved forest and coniferous forest areas
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Table 2 Accuracy indexes of 3 LAI products before and after data assimilation in broad-leaved and coniferous plots
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322 %R LAL@&%4 R4 thE 400 0. MEFEE LAL f@aE LAT S S0 8 i A e MR s .
Bl A LAT 75 & AR AT AR A 56 R 500050100 0.83 F110.76, HIOrMRIRZEIITE 0.20 IR, S48 xR 22
FAH X 22 A0 [/, ZERE AR, AH G IRIAL S 9 MODIS . VIIRS #1 PROBA-V LAI, Fi4 )5 LAL A%
REUTHE T 024, 027 F10.21; XFHlE k)5 9 MODIS il VIIRS LAI, 4 )5 9 LAT ¥ 5 AR IR 25
FIFEART 0.22 F10.16; @lA 5 1) LA 46 X% 3522 A0 LRI AL 5 BIREAIR T 0.02~0.28; @il /5 (1) LAT AHXT
T 2 #H LE W] 4k )5 9 PROBA-V LAIL, i 2 BN K, BEAR T 8.59%. fEAFIEAK, #H LR AL /Y
MODIS. VIIRS #l PROBA-V LAI, fli& 51 LALAHC RE g m 1 0.17. 0.27 #10.20; HrmRiR 2
I3 WIBEAR T 0.11, 0.15 11 0.06; X Eb [A] 4k )5 () PROBA-V LAI, 4 J5 i LAL 35 26 %F 1% 22 &K T
0.29; BlA 5B LA AHXR 2240 L [R14E 5 B9 PROBA-V LAL, 22 FEARFERE e K, KT 9.88%.

8 7 ¢

A. & RR B. &k
7t 6t .
. -t
- . — ey e M TN
Z 6l P Z 5l o et gty
A e grelidia-FOT T A
4o ,L—'“".""*;r s <z
E IR R=0.83 R R=0.76
Eryvse=0.15 Ernse=0.13
4r MAE— V- 3t Eya=0.74
Eqi=3.90% Ene=10.65%
3 . . . . . 2 . . . . )
3 4 5 6 7 8 2 3 4 5 6 7
LAI SEJIME LAI SEJIME

A4 @b LAL L Sali ey s e A

Figure 4  Scatter verification diagram of fused LAI and measured values

4 itk
T L DAL IZe ROt FLESER0, IR, ST iR 0 A2 F i e h B 5 1 3 5020

BRI, A AR SR EE A4 KR, MODIS il VIIRS LAI B 3 il £& 77 78 i) 2 ) Bk 3R 2
%, PROBA-V LAT B[V I I i [a] S 1 A ] BRI e R, (A3 i 2R i, (A i 2 Bk



41 B 4 ) IS FETHS R/RS IR IR LI BRARZ IR LAL 7 il S S il 5 A Ty vk 847

EE0, PReEr= AT A T B e F B, ARFSTXT 3 Fp LAT = @bl g, vk 7R 4R
BE2af i, 5 = LALRHFE it sis F—a0. m?LM*%Eﬁ§%%mﬂﬁELmiﬁ
AR Rt Az AUt RI R R AR K, RIS SR EA —E M2 . AR TR G150
ORIEIEATRE R AT, i TR PRI E S I, S — e, SalRERIELH, &
N R B OC A MR R LALE . ARV S R IE T LALE, 15 LAL™ 55 S00E
ﬁ&mmm% o ABAFEARAE Ak A AR A ARG . 285 EnKE [RlMk, 3 Bl LAT 7= fioks B Ai— 2ok
ﬁﬁﬁ%m,aﬂH%ﬂAFMLMﬁﬁ FEAR T B — LAL SR 22, v RCTR b i S0 B 0 e = 19
AN, ELRE T Tl A2 WU e SRR A SR BRI TR — 2 B0 TE . AHFSE D f LAT B0 e %
JE AN AL A B, falS LAT BRS A LU R, A0 10 m 25 [ PR LATEE, SRk T

B GE XIS NI B, Az BB A s R HE R A2 BR ], 78 S5 SR 57 v onT DL i A At s
TR, DI 2 SR BE R BRI LAL P2
5 ik

AW IR R 3P R IG LAL ™ 55 S0 Bos ) — s34 22, R B2 EnKF [AfbJE 19
LAT B3 S s A EET TR, [ kAR LAT FAEROCR 8T ; SR - MODIS LAI bR ks, H
UE PROBA-V LAI, VIIRS LA 7E & M AR FEF ARG R AL RURAF RS R 22 5% . B A B9 LAL R AL T 1R
b5 B —AY LALP= 5y, HA S R 800 0.83 #1 0.76, AL LATIETF T 0.17~0.27, R4k RS 5 8
LAL B2 75— LAL =S ORE EE, sl/N TORRIEBE A0 22 5%, 3580 T 7870 R 22 50 I8 s AL 34
Pem AR EH P, LRI RS B LAL B A4 U ke fe it 2% |

6 H& Lk

[1] CHENIJM, BLACK T A. Defining leaf area index for non-flat leaves [J]. Plant, Cell & Environment, 1992, 15(4): 421 —
429.

[2] MYNENI R B, HOFFMAN S, KNYAZIKHIN Y, et al. Global products of vegetation leaf area and fraction absorbed PAR
from year one of MODIS data [J]. Remote Sensing of Environment, 2002, 83(1/2): 214 — 231.

[3] WU Wei, SUN Yin, XIAO Kun, et al. Development of a global annual land surface phenology dataset for 19822018 from
the AVHRR data by implementing multiple phenology retrieving methods [J/OL]. International Journal of Applied Earth
Observation and Geoinformation, 2021, 103: 102487[2023-12-10]1. doi: 10.1016/j.jag.2021.102487.

[4] ZOU Dongxiao, YAN Kai, PU Jiapin, et al. Revisit the performance of MODIS and VIIRS leaf area index products from the
perspective of time-series stability [J]. IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing,
2022, 15: 8958 — 8973.

[5] VERGER A, SANCHEZ-ZAPERO J, WEISS M, et al. GEOV2: improved smoothed and gap filled time series of LAI,
FAPAR and FCover 1 km copernicus global land products [J/OL]. International Journal of Applied Earth Observation and
Geoinformation, 2023, 123: 103479[2023-12-10]. doi: 10.1016/j.jag.2023.103479.

[6] FUSTER B, SANCHEZ-ZAPERO J, CAMACHO F, et al. Quality assessment of PROBA-V LAI, fAPAR and fCOVER
collection 300 m products of copernicus global land service [J/OL]. Remote Sensing, 2020, 12(6): 1017[2023-12-10]. doi:
10.3390/rs12061017.

[7] YAN Kai, PU Jiapin, PARK T, et al. Performance stability of the MODIS and VIIRS LAI algorithms inferred from analysis
of long time series of products [J/OL]. Remote Sensing of Environment, 2021, 260: 112438[2023-12-10]. doi:
10.1016/j.rse.2021.112438.

[8] MA Han, LIANG Shunlin. Development of the GLASS 250-m leaf area index product (version 6) from MODIS data using
the bidirectional LSTM deep learning model [J/OL]. Remote Sensing of Environment, 2022, 273: 112985[2023-12-10]. doi:
10.1016/j.rse.2022.112985.

[9] XIAO Zhigiang, SONG Jinling, YANG Hua, et al. A 250 m resolution global leaf area index product derived from MODIS
surface reflectance data [J]. International Journal of Remote Sensing, 2022, 43(4): 1409 — 1429.

[10] XING Lugi, LI Xuejian, DU Huaqiang, et al. Assimilating multiresolution leaf area index of Moso bamboo forest from


https://doi.org/${refdoi}
https://doi.org/10.1109/JSTARS.2022.3214224

848 WroIL R R K A R 2024 4E 8 F 20 H

MODIS time series data based on a hierarchical Bayesian network algorithm [J/OL]. Remote Sensing, 2019, 11(1):
56[2023-12-10]. doi: 10.3390/rs11010056.

(1] 25, B, RS R /R BUEILATIRESS & BEPSEEAL I TR A4S R Guaan S0 (D). L AR 224,
2016, 27(12): 3797 — 3806.
LI Xuejian, MAO Fangjie, DU Huagqiang, et al. Simulating of carbon fluxes in bamboo forest ecosystem using BEPS model
based on the LAI assimilated with dual ensemble Kalman filter [J]. Chinese Journal of Applied Ecology, 2016, 27(12):
3797 —3806.

[12] LIU Qiang, LIANG Shunlin, XIAO Zhiqiang, et al. Retrieval of leaf area index using temporal, spectral, and angular
information from multiple satellite data [J]. Remote Sensing of Environment, 2014, 145: 25 - 37.

(13] 25 Ak, MR, £, 55, SRS RR SRS ) P SILALLT]. 22874, 2014, 18(1): 27 — 44,
LI Xijia, XIAO Zhiqiang, WANG lJindi, ef al. Dual ensemble Kalman filter assimilation method for estimating time series
LAI [J]. Journal of Remote Sensing, 2014, 18(1): 27 — 44.

(14] JRILLH kAR, TR, 45, 285300 X iy 2 (1) 23 2 0 AR S B0 e A 33 5 A8 ARG D) (0] 38 8741, 2021, 25(4):
1000 — 1012.
ZHOU Hongmin, ZHANG Guodong, WANG Changjing, et al. Time series high-resolution leaf area index estimation and
change monitoring in the Saihanba area [J]. Journal of Remote Sensing, 2021, 25(4): 1000 — 1012.

(15 KT, vk, i A, 5T 5% 2 0 s o b L AT ] 51 S5 T (0] 71, 2012, 16(5): 986 — 999.
ZHANG Huifang, GAO Wei, SHI Runhe. Reconstruction of high-quality LAI time-series product based on long-term
historical database [J]. Journal of Remote Sensing, 2012, 16(5): 986 — 999.

[16] XU Bao, PARK T, YAN Kai, et al. Analysis of global LAI/FPAR products from VIIRS and MODIS sensors for spatio-
temporal consistency and uncertainty from 20122016 [J/OL]. Forests, 2018, 9(2): 73[2023-12-10]. doi: 10.3390/

£9020073.
(7] B, W3S, 5K, 45, 4-Scale LA S~ R U ok J22 o S 3 MDY 22 i) JORESE FHPE [0]. B A 2541, 2023, 34(3):
605 - 613.

WEI Meng, FAN Wenyi, ZHANG Haijun, et al. Spatial scale applicability of canopy reflectance simulation of 4-Scale
geometric optical model [J]. Chinese Journal of Applied Ecology, 2023, 34(3): 605 — 613.

[18] ROGERS C, CHEN Jingming, CROFT H, et al. Daily leaf area index from photosynthetically active radiation for long term
records of canopy structure and leaf phenology [J/OL]. Agricultural and Forest Meteorology, 2021, 304: 108407[2023-12-
10]. doi: 10.1016/j.agrformet.2021.108407.

[19] WEN Yibo, ZHUANG Linlan, WANG Hezhi, et al. An Automated Hemispherical Scanner for monitoring the leaf area
index of forest canopies [J/OL]. Forests, 2022, 13(9): 1355[2023-12-10]. doi: 10.3390/f13091355.

[20] B K3, X =ML, B BUAK, 45, T 7] Sentinel-2 A5 44 (14 3R HT bt ) I 4328 0y ke 3 PRI 2 (0. MRV AR PR 22 23
2022, 39(6): 1350 — 1358.

JIA Yujie, LIU Yungen, YANG Silin, et al. Applicability of land use classification method in Dali City based on Sentinel-
2A image [J]. Journal of Zhejiang A&F University, 2022,39(6): 1350 — 1358.

[21] CHEN Jingming, DENG Feng, CHEN Mingzhen. Locally adjusted cubic-spline capping for reconstructing seasonal
trajectories of a satellite-derived surface parameter [J]. IEEE Transactions Geoscience and Remote Sensing, 2006, 44(8):
2230 —2238.

[22] ZHAI Huan, HUANG Fang, QI Hang. Generating high resolution LAI based on a modified FSDAF model [J/OL]. Remote
Sensing, 2020, 12(1): 150[2023-12-10]. doi: 10.3390/rs12010150.

(23] BH4aEk, £, VFiE, 45, 2T MODISH [8] 781 Kot i bty b A= Wy A 55 (0], T Aok 24241, 2022, 39(4): 734 —
741.

YANG Shaoqin, WANG Xiang, XU Cheng, ef al. Estimation of aboveground biomass of bamboo forest based on MODIS
time series data [J]. Journal of Zhejiang A&F University, 2022, 39(4): 734 — 741.

[24] JI Jiayi, LI Xuejian, DU Huagiang, et al. Multiscale leaf area index assimilation for Moso bamboo forest based on Sentinel-2
and MODIS data [J/OL]. International Journal of Applied Earth Observation and Geoinformation, 2021, 104:
102519[2023-12-10]. doi: 10.1016/j.jag.2021.102519.


https://doi.org/10.1080/01431161.2022.2039415
https://doi.org/10.11834/jrs.20120193
https://doi.org/10.11834/jrs.20120193
https://doi.org/10.11834/jrs.20120193

41 B 4 ) IS FETHS R/RS IR IR LI BRARZ IR LAL 7 il S S il 5 A Ty vk 849

[25] T80, XIHL, 53 3, 5. 3T PROSPECT il 4-scalefbt 7 (14 Y Ak 2 A8 18 BB 48 [1]. Jb mtbkoll K 2= 2% 4, 2020,
42(10):27 - 35.
YU Ying, LIU Min, FAN Wenyi, ef al. Scale conversion of photochemical reflectance index based on PROSPECT and 4-
scale models [J]. Journal of Beijing Forestry University, 2020, 42(10): 27 — 35.

[26] EmEK, LI i AR RS FBE B AG AT SIRAIE L] ARl 22241, 2023, 51(9): 83 — 94, 111.
WANG Xiaobing, FAN Wenyi. Analysis and verification of saturation point of leaf area index and vegetation index [J].
Journal of Northeast Forestry University, 2023, 51(9): 83 — 94, 111.

[27] JA#A L, KR4I, AN, 45, GF-115 Sentinel-21F St B AEMILALRE B b i) LU (0] 3B R AR5 1, 2023, 38(3): 599 —
613.
ZHOU Yangfan, ZHENG Xingming, SUN Yuan, et al. Comparison of GF-1 and Sentinel-2 for estimation of leaf area index
in typical crops [J]. Remote Sensing Technology and Application, 2023, 38(3): 599 — 613.

(28] < BRI, XUHa T, B95F, 45, BT 2 PR 1R Ak i & 9 JE R K I 25 40 A R ik (0] R K AL IR 5K RIRHEE, 2020, 18(3):
110 —118.
MENG Qingbo, LIU Yanli, JU Qin, ef al. Analysis of temporal and spatial distribution characteristics of precipitation based
on multi-source data assimilation and fusion in Niyang River Basin [J]. South-to-North Water Transfers and Water Science
& Technology, 2020, 18(3): 110 — 118.

(291 JASEBE, PeidF, MR, 55 . K& TR IC i o0 A Al 5 o (RGN ) LA 54l S-Guiple s At 5 (1) 3 JlepioR 5 0 1,
2019, 34(2): 323 — 330.
ZHOU Minyue, SHEN Runping, CHEN Jun, ef al. Filtering and reconstruction of LAI time series data by S-G filter based on
pixel quality analysis and outlier detection [J]. Remote Sensing Technology and Application, 2019, 34(2): 323 — 330.

[30] BROWN L A, MEIER C, MORRIS H, e al. Evaluation of global leaf area index and fraction of absorbed photosynthetically
active radiation products over North America using Copernicus Ground Based Observations for Validation data [J/OL].
Remote Sensing of Environment, 2020, 247: 111935[2023-12-10]. doi: 10.1016/j.rse.2020.111935.


https://doi.org/10.3969/j.issn.1000-5382.2023.09.014
https://doi.org/10.3969/j.issn.1000-5382.2023.09.014

	1 研究区与数据
	1.1 研究区概况
	1.2 数据收集与处理
	1.2.1 样地数据
	1.2.2 LAI产品数据
	1.2.3 反射率数据
	1.2.4 土地覆盖数据


	2 研究方法
	2.1 LAI产品数据重建及降尺度方法
	2.2 多源LAI同化融合方法
	2.2.1 LAI动态模型和PROSAIL模型
	2.2.2 集合卡尔曼滤波(EnKF)同化算法
	2.2.3 赋权融合方法
	2.2.4 精度检验方法


	3 结果与分析
	3.1 不同LAI时序重建效果分析
	3.2 多源LAI同化融合结果分析
	3.2.1 多源LAI同化结果分析
	3.2.2 多源LAI融合结果分析


	4 讨论
	5 结论
	参考文献

