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Table 1 The information of data about extracting forest prior knowledge
G 2 HbFR A B Hh e o A LA &A%
1 Camerons TR i) A Hemispherical photographs
2 Chen#l Cihlar(1996) PIE N Y N i TR ) i B CGR A2 IR LAT2000/TRAC
3 Chen#l Cihlar(1996) Pl N Y oY AN v TR T M CR 42 RTEM) LAI2000/TRAC
4 Curran 45(1992) 2 HL IR P G EFI ARG AL ) i) FE A ke
5 Gnangara TR HAE i) e A Hemispherical photographs
6 Hirsikangas IR FEatpk LAI2000
7 Hyytidld 7% BF bR Hemispherical photographs
8 Jarvselja ZWIEI FFRTRZS AR LAI2000
9 Larose IE TN B RE TR ACHR Hemispherical photographs
10 Nezer %I B AR (R ) LAI2000
11 Puéchabon R ] - Hemispherical photographs
12 Sierra Chincua PG AR AZ) Hemispherical photographs
13 Sonian forest LRI R o] - Hemispherical photographs

14 Turner % (1999) JB YT I R P v 0 v e e L G

15 KT (2010) /NI D SR B

16 BESRZE 4E(2016)
17 FEEEE 45 (2004)
18 JEHHE 45(2004)
19 fEEE 45(2004)

PP R L 5 X
VLV AL TR ol
VLR 23 AR T
TLPYAE ZR R T 1M i
20 REk %(2010) SUESE Sy AINED NIl
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Fig.1  Location of the study Area
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Hlli . FEAKKHE S ESU (Elementary Sampling Units )
R SR AN S v ) — NI LR T, R AR
ESU I R/NH 20 mx20 mo HHr, ESUname /)45

55 Hh a2 S EG S (Garrigues, 2003) H1ESU AY
5 —5, ESUname A 12, 13, 27 BHEACRKEE
BOAEARIC S, a5t T 26 AN AR A Y LAL
b TR SR o 6T LA S TR0 e (AR [ (1 B A R
R, TR LA AR AL S NDVIRY-F- 2 (E, 4k
HUSIE BLH 2041 (LAL, NDVI) Hcd 41 i 75 2
W R AE
%2 Concepcion i S 1E
Table 2 Data of the site Concepcion

ESU LAI NDVI EsU LAI NDVI EsU LAI NDVI

name name name
0 20 0.573 9 29 0921 20 33  0.898
1 35 0866 | 10 3.6 0.863 | 21 40 0.889
2 0.7 0556 | 11 25 0809 22 3.8 0.873
3 1.2 0602 | 14 277 0.894 || 23 3.7 0.861
4 0.3 0471 15 33 0882 24 26 0.740
5 39 0.909 16 29 0870 25 43 0.884
6 4.1  0.899 17 32 0861 26 35  0.861
7 4.0 0.898 18 49 0872 28 3.1 0.889
8 39 0.882 19 3.1 0.826
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JeH AR . K3 HPRR T RBGRME ZH U R
WS B S R B B S H, AR 3 IR
e BEIISH o B0 BHUEL TS R B il T 2RO
JRBE IR 2 2278 R B S HUB AR 1 SEBR R L

P A5 S5 X (AR Y S0 S T B e 06 0 R N = 4 fp
N, BERISE o B SE R WIE N 0.6042, FTSHa
FRISEI AN 8 P R 02447, BITRISAL b 1955300 1
40.1643, BIAISE b B A2 M 0.2151

R3 RERMRBSHEBRMIANERSH

Table 3 Model parameters using for extracting prior knowledge of forest model parameters

Eia Bk ZHa ZHb Pz B ke U Z¥a ZH0b
1 Camerons 0.5975 0.1126 11 Puéchabon 0.5459 0.1053
2 Chen #1 Cihlar(1996) 0.5520 0.1844 12 Sierra Chincua 0.7264 0.0810
3 Chen Al Cihlar(1996) 0.6539 0.1057 13 Sonian forest 0.6764 0.0035
4 Curran %£(1992) 0.4545 0.1625 14 Turner (1999) 0.6998 0.0891
5 Gnangara 0.5743 0.2815 15 kLA 45(2010) 0.6876 0.1912
6 Hirsikangas 0.5780 0.2317 16 5% (2016) 0.3972 0.3609
7 Hyytiild 0.7999 0.0543 17 Ji AR 45 (2004) 0.3646 0.4165
8 Jirvselja 0.6856 0.0247 18 R 45 (2004) 0.5086 0.1889
9 Larose 0.7941 0.0653 19 REEEEE 45 (2004) 0.4333 0.2907
10 Nezer 0.6497 0.2989 20 e 45(2010) 0.6720 0.1255

R4 HMRBSHHERMIA

Table 4 Prior knowledge of forest model parameters

SERHIR B a ZHb
WIE =1 0.6042 0.1643
A =20 0.2447 0.2151
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Fig.3 Frequency distribution histogram of model parameter a and parameter b for 20 sites
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Fig.4 Compare RMSE using prior knowledge—based method

with the least square method
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Fig.5 Estimation errors of forest high-resolution LAI using prior knowledge—based method and the least squares method respectively
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An approach to estimate forest LAI with high resolution based on prior
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Abstract: At present, the high-resolution Leaf Area Index (LAI) is usually estimated by statistical models, which is established by a large
quantity of Vegetation Index (VI) data and ground LAI measurements. Compared with a cropland field campaign, the ground LAI
measurements of the forest field campaign are less. The accuracy of the high-resolution LAI estimated by statistical models in the forest is
low, and it is difficult to meet the application requirements. In this paper, a method was developed to estimate the high-resolution LAI in the
forest based on the prior knowledge of modeling parameters for the forest, a small amount of forest ground LAl measurements and the
Normalized Differential Vegetation Index (NDVI) data. First, for the power model which contains parameter a and parameter b, the prior
knowledge of modeling parameters in the forest was achieved. 20 forest sites with a large amount of ground LAI measurements were
collected. LAI and NDVI data were obtained from the 20 forest sites respectively. The LAI-NDVI statistical model which is suitable for
each forest site was established with the obtained LAI and NDVI data respectively too. The values of the parameter a were extracted from
the 20 statistical models, and the mean value and the standard deviation of the values were calculated to determine the prior distribution of
the parameter a. The mean value of the parameter a was chosen as the prior initial value and two times of the standard deviation of
parameter a was chosen as the uncertainties of the prior initial value. The same method was used to extract the prior initial value and the
uncertainties of the prior initial value for the parameter 5. So far, the prior knowledge of the modeling parameters for the forest was
extracted. Second, the optimized LAI-NDVI statistical model was constructed for the study area. A new forest site, Concepcion, was selected
as the study area. The data of this site were divided into two parts: the modeling data and the validation data. The limited modeling data were
used to adjust the prior initial value under the limitation of the uncertainties of the prior initial value and obtain an optimization model which
is suitable for this new forest site by the optimization method SCE-UA. At last, the high-resolution forest LAls were estimated and validated
in the Concepcion site. The high-resolution forest LAIs were estimated using the optimization model and the NDVIs in the validation data.
The estimated high-resolution forest LAIs were evaluated by the ground LAI in the validation data. Moreover, the Camerons site, Gnangara
site, and Hirsikangas site were selected as the study area to evaluate this method too. Compared the estimated high-resolution forest LAI
with the ground LAI, the root mean square errors were 0.6680, 0.4449, 0.2863 and 0.5755 respectively. These results indicated that when
only a small amount of ground LAI measurements is available, this method based on the forest prior knowledge could improve the accuracy
of the high-resolution LAI estimation in the forest. Therefore, the method based on the forest prior knowledge of modeling parameters
provided a reference for high-resolution forest LAI estimation.
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