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ABSTRACT

Leaf area index (LAI) is an important surface biggibal parameter as an input to many process-@dent
ecosystem models. Remote sensing technology proaderactical way to estimate LAl at a large spatia
scale, and hence, considerable effort has beenndggdein developing LAl estimation models from
remotely sensed imagery. LAl estimation models weseally formulated using multi-spectral satellite
imagery, and hyper-spectral satellite data wascstarused because it is very difficult to acquihe t
needed hyper-spectral satellite imagery. Compareduiti-spectral imagery, hyper-spectral imagery s
advantage in LAl retrieving because hyper-spectash can be used to extract red edge optical paeasne
which provides a new way to estimate LAl In thappr, EO-1 hyperion hyper-spectral imagery was used
to estimate LAl in the forested area of Yongan ¢guRujian province, located in southeast of Chihao
primary red edge optical parameters, red edgeipogiREP) and red well position (RWP), were extedct
from hyperion data; and LAI estimation models fopdud-leaf forest in Fujian province were formulated

Keywords:. Leaf Area Index, Hyper-spectral Remote Sensing, Red Edge
spectral satellite data, such as the radiativestesin

models [4-6], reduced major axis (RMA) regression
analysis [7] and the linear spectral mixture model

1. INTRODUCTION

Leaf area index (LAI) is defined as one-half th

total green leaf area (all sided) per unit ground . ].'
surface area [1]. LAl is an important surface With the emergence of hyper-spectral remote

. . ; sensing, it is possible to extract the red edgealpt
biophysical parameter as an input to many procestg—

oriented  ecosvstem models. which varies bo arameters from hyper-spectral data, and a new LAl
spatially and ytem orall ar’Id is difficult and stimation method, the red edge method, were
P y P y roposed [10-11]. There are two primary red edge
expensive to derive with ground measureme

method. However, with the development of remoteptical parameters: red edge position (REP) and red

sensing technology, it is possible to acquire LAI aweII position (RWP). REP, located between 680
9 0logdy, P q . -and 750 nm, is defined as the wavelength of the
a large area with high temporal coverage, anden th

past two decades, considerable effort has be|nflect|on point of the reflectance slope at the re

; ; : ge. RWP is the wavelength position

expended in developing remote sensing base . v .

. - .. rorresponding to a plant’s minimum reflectance in
techniques to map LAIl. The empirical-statistica

approach is the commonly used technique the red spectral region [10]. In this paper, firstl

estimate LAI. In this method, spectral vegetatiorﬁ?1 e two red edge optical parameters were extracted

SO . .~ with the hyperion hyper-spectral data; then LAl
indices (V1) are firstly computed from m“.'?" stimation models were formulated based on the red
spectral satellite data. Then an emplncag

relationship between VI and LAI are established bydge optical parameters.

statistically fitting ground-measured LAl to the2. STUDY AREA AND DATASETS

corresponding VI. Numerous vegetation indices

have been proposed in the literature, among which The study area is situated in Yong'an county,

the normalized difference vegetation index (NDVI)Fujian province, located in southeast of China. The

[2] and the simple ratio (SR) [3] are the mosforest coverage rate of Fujian Province has reached

frequently used VIs to retrieve LAI. 62.96%, the highest in China. Yong'an, situated in
Besides the empirical-statistical approach, thementral Fujian, is one of the 48 key forestry disr

are other methods to estimate LAl from multi-and counties (cities) in the south of China, with
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forest coverage reached 83.2%. Broad-leaf forest 32 Red Edge Optical Parameters Extraction
a major forest type in Yong'an county and Fujian Various methods have been proposed to extract
province, and this study was conducted to construttte two red edge optical parameters (red edge
the LAl estimation model of the broad-leaf forest. position (REP) and red well position (RWP)), such
EO-1 Hyperion data were acquired on May 22as the Four-Point Interpolation method, Polynomial
2012. The Hyperion sensor observes with 30rRitting method, Lagrangian Technique, and
spatial resolution and has 220 bands, covering O.4rverted-Gaussian Modeling [10].  Different
2.5um at approximately a 10-nm spectral resolutioapproach has its advantages and limitation. The
(Table 1). Ground LAI measurements were carriefbur point interpolation method was selected to
out at the end of July, 2012, and a total of 24 LAéxtract REP and RWP in this study, which is very
measurements were obtained with the LAI-200@ractical, easy to implement, and has a high

Plant Canopy Analyzer (PCA). accuracy for forest LAl estimation. More details
about the four point interpolation method can be
Table 1 Features Of EO-1/ Hyperion found in the work of Pu et al. (2003) [10].

With the Four-Point Interpolation method, REP

Features EO-1/ Hyperion can be obtained with equations (3-4). In equation
Spectral Range 0.4-2.5 microns (3), the reflectance at the inflection point)(is
Visible Bands 35 firstly calculated; Then, the wavelengthi)(
Near Infrared Bands 35 ding to the reflect t the inflecti
Spectral Coverage Continuous corresponding to the reflectance at the inflection
Short Wave Infrared 172 point is obtained with equation (4).
Spatial Resolution 30m
Swath Width 7.5km o =(p+tp,)2 ()
/]i :/]2+(/]3—/]2)M (4)
3. METHODOLOGY Pz~ P,
3.1 Radiometric Correction Where,, Ly, Az, andi, refer to wavelengths of

In this study, radiometric calibration was firstly670, 700, 740, and 780nm, respectively, pncs,
performed to convert the digital numbers stored if» @nd ps correspond to reflectances at
the EO-1 hyperion image to spectral radiance bsPrresponding wavelengths, respectively. In a
using the gains and offsets obtained from the imagimilar way, the other red edge optical parameter,
header file. he red well position (RWP), can be obtained with

The digital values of the Level 1 product are 168duation (5).
bit radiances and stored as a 16-bit signed integer 0 -p
The Short Wave Infrared (SWIR) bands have a gain /]p =N+, -A) = (5)
value of 80 and offset of 0; and the Visible Near Pz~ P,

Infrared (VNIR) bands have a gain value of 40 and
offset of 0. Therefore, radiancds) (for the SWIR

and VNIR bands could be obtained from Digital For hyperion data, four spectral bands centered at
Number (DN) with equations (1-2) 671.62nm, 702.12nm, 742.80nm, and 783.48nm
respectively were employed in the computation of

L _DN for VNIR bands (1) REP and RWP.
40 4. RESULTSAND ANALYSIS

L :m for SWIR bands (2) The two red edge optical parameters (REP and
80 RWP) were regressed against ground based LAl
measurements and different forms of empirical
Then, radiance image was atmosphericallyelationships were compared, finally the best ditte
corrected with the FLAASH (fast line-of-sight empirical statistical model with the highest R
atmospheric analysis of spectral hypercubegroefficient of determination) was chosen (details
module in ENVI software. as shown in figure 1 and figure 2).

958



Journal of Theoretical and Applied Information Technology
20" February 2013. Vol. 48 No.2 B

© 2005 - 2013 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645 www.jatit.org E-1SSi817-3195
1o Chinese Academy of Sciences, and Natural science
1205 .o foundation of Fujian province (2011J01267).
783 * ‘. +* *
722.5 + . .
oo . . REFERENCES:
7215 ‘, [1] J. M. Chen, T. A. Black, “Defining leaf area
EEF = -0.1497LAI® + 1.5385LAI + 719.07 .
! . R = 0,345 index for non-flat leaves”Plant, Cell and
o : 0 3 4 6 6 v Environment, Vol. 15, No. 4, 1992, pp. 421-429.
Figure 1: LAl Versus REP [2] J. W. Rouse, R. H. Haas, D.W. Deering, J. A.

Schell, J. C. Harlan, “Monitoring vegetation
systems in the Great Plains with ERTS”,

883 Proceedings, 3rd Earth Resource Technology
1.5 * ! Satellite (ERTS) Symposium, 1974, pp. 48-62.

= il [3] C.F. Jordan, “Derivation of leaf area indearh
e 8 e ' quality of light on the forest floor'&cology,
o8 * Vol. 50, No. 4, 1969, pp. 663-666.

* RWP = -0.1125LAT° + 1. 1641LAT + 684,16
686. 5

R = 0.548 [4] M. Schlerf, C. Atzberger, “Inversion of a fate

o 1 2 ; 4 5 s 7 reflectance model to estimate structural canopy
variables from hyperspectral remote sensing
data”, Remote Sensing of Environment, Vol.

As can be seen from figure 1 and figure 2, both 100, No. 3, 2006, pp. %81'29_4'
red edge optical parameters (REP and RwP) R. Houborg, E. Boegh, “Mapping leaf
correlate well with the ground measured LAl data  chlorophyll and leaf area index using inverse
(the best fitted empirical statistical models aseet and forward canopy reflectance modeling and
in equations 6-7). For REP, the function form and SPOT reflectance dataRemote Sensing of
the highest Rof the best fitted empirical statistical ~ Environment, Vol. 112, No. 1, 2008, pp. 186-
model is the same as the RWP, possibly due to the 202.
fact of RWP is a function of REP [12]. As figure {6] Gonzalez-Sanpedro, T. L. Toan, J.
and figure 2 show, the highest ®r REP and RWP Moreno, "Seasonal variations of leaf area index
is 0.346, not very high, which may be explained by  of agricultural fields retrieved from Landsat
the discrepancy between image acquisition time and data”,Remote Sensing of Environment, Vol. 112,
LAI collection time. No. 3, 2008, pp. 810-824.
[7] W. B. Cohen, T. K. Maiersperger, S. T. Gower,
REP =—0.1497LAP+1.5385LAI+719.07  (6) D. P. Turner, “An improved strategy for
regression of biophysical variables and Landsat
RWP =—0.1123LAP+1.1541LAI+684.16 (7) ETM+ data”, Remote Sensing of Environment,
Vol. 84, No. 4, 2003, pp. 561-571.
5. CONCLUSION [8] B. Hu, J. R. Miller, J. M. CHEN, A. Hollinger,
“Retrieval of canopy leaf area index in the
In this study, two red edge optical parameters BOREAS flux tower sites using linear spectral
(REP and RWP) extracted from EO-1 Hyperion mixture analysis”,Remote Sensing of
hyper-spectral data were employed to estimate Environment, Vol. 89, No. 2, 2004, pp. 176-188.
forest LAl The result shows both parametefg] O. Sonnentag, J. Chen, D. A. Roberts, “Mapping
perform well in LAl estimation. In the future, tree and shrub leaf area indices in an
acquisition of hyper-spectral satellite imagerylwil ombrotrophic  peatland  through  multiple
become easier, and LAl estimation method based endmember spectral unmixing”, Remote
on the red edge parameters will be widely used in  Sensing of Environment, Vol. 109, No. 3, 2007,

686

Figure 2: LAl Versus RWP

the remote sensing community. pp. 342-360.
[10] R. Pu, P. Gong, G.S. Biging, M.R. Larrieu,
ACKNOWLEDGEMENTS “Extraction of red edge optical parameters from

) ) . Hyperion data for estimation of forest leaf area
This work was supported by Director Foundation  jndex”, |EEE Transactions on Geoscience and
of Center for Earth Observation and Digital Earth  Remote Sensing, Vol. 41, No. 4, 2003, pp. 916-

921.

R
959




Journal of Theoretical and Applied Information Technology

20" February 2013. Vol. 48 No.2 B
© 2005 - 2013 JATIT & LLS. All rights reserved- L ———
S/l
ISSN:1992-8645 www.jatit.org E-ISSI¥17-3195
[11] R. Darvishzadeh, C. Atzberger, A. K.

[12]

Skidmore, A. A. Abkar, “Leaf area index
derivation from hyperspectral vegetation indices
and the red edge position”, International
Journal of Remote Sensing, Vol. 30, No. 23,
2009, pp. 6199-6218.

M. J. Belanger, J. R. Miller, M. G. Boyer,
“Comparative relationships between some red
edge parameters and seasonal leaf chlorophyll
concentrations”,Canadian Journal of Remote
Sensing, Vol. 21, No. 1, 1995, pp. 16-21.

960



