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Abstract - The Leaf Area Index (LAI) is a vegetation
biophysical variable used for various primary production
models across scales and global models of climate,
hydrology, biogeochemistry and ecology. This index is one
of the parameters available on MODI15A2 products
(MODIS satellite). However, some contradictories results
have been reported bringing about uncertainties such as the
overestimation of LAI values on herbaceous physiognomies
and lower estimation on woody physiognomies. Thus, to test
the accuracy of the LAI-MODIS product, were compared
the LAI MODIS images with a LAI obtained by an
empirical equation developed by Duchemin ez al. (2006). To
compare both methods, an algebraic equation was
performed in two different areas: one municipality and one
Cerrado conservation unit. The classification method chosen
showed an important sensibility in differentiating both LAI
methods spatially within the cerrado conservation unit.
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1. INTRODUCTION

An important application of remote sensing for vegetation
studies is the quantification of the spectral response produced
by different vegetation types that allows deriving biophysical
variables such as vegetation indices and leaf area index (LAI),
developed for different environmental conditions (Jackson &
Huete, 1991).

Mathematically, the vegetation indices images are numerical
models derived from the spectral signature of vegetation and
maintain a direct relationship with the green leaf biomass.
Computationally, these indices are algorithms that transform
reflectance values in a new image where the pixels will
comprise the index values (Huete ef al., 1999).

The vegetation index images are related to environmental
variables such as the amount of biomass photosynthetically
active or leaf area index (Bitencourt et al., 2007). Thus, these
indices are very useful for ecological studies, to quantify the
presence and absence of green leaves on the surface, making it a
good indicator of foliar biomass. Among the existing vegetation
indices, the Normalized Difference Vegetation Index (NDVI) is
the most commonly used to analyze the medium sized
physiognomies (Moreira, 2003; Becerra, 2005; Duchemin ef al.
2006; Bitencourt et al. 2007), like the physiognomies
encountered in the Cerrado (Brazilian savanna). The spectral

response of the seasonality in the cerrado biome, is well
discussed by Mesquita Jr. et al. (2005) who studied in detail a
particular Conservation Unit within the State of Sdo Paulo-
Brazil.

The NDVI results of the spectral response of red and near
infrared bands of the electromagnetic spectra and its values
range from -1 to +1, being the dense vegetation close to 1
(Wiegand ef al., 1991). The LAI is the relationship between the
canopies leaves surface and the surface of its projection on the
ground. Duchemin et al. (2006) proposed a LAI derived from
NDVI images. Bitencourt et al. (2007), confirm that LAI ranges
from 1 (sparse and dry vegetation), to 8 (tropical rainforest)
leaving to the cerrado biome LAI values bellow 4. According to
Jackson & Huete (1991), the relationship between NDVI and
LAI image is exponential, with LAI saturating in 4.

Bitencourt ef al. (2007) analyzed the spectral behavior of
cerrado physiognomies in dry and rainy seasons. The NDVI
images in campo cerrado (grassland) showed great variation
between seasons, from 1.15 to 2.32, while the cerraddo
(savanna woodland) ranged from 1.89 to 2.85. All vegetation
types showed LAI values below 4, indicating that NDVI is good
enough for cerrado physiognomies analysis.

Eastman & Fulk (1993) indicate that the standardized PCA
approach is more effective than unstandardized PCA in the
analysis of change in multi-temporal image data sets. With
standardized PCA the eigenvectors are computed from the
correlation matrix and the effect is to force each band to have
equal weight in the derivation of the new component images.
The standardized PCA approach converts all image brightness
values to standard scores (by subtracting the mean and dividing
by the standard deviation). The second PCA component stands
for the variation between images. Using images of different date
one can the variation considered in time.

A source of data freely available, easy to acquire and use, and
with some level of preprocessing are MOD13 (NDVI) and
MOD 15 (LAI) products of the MODIS sensor. The use of these
products intended to help the characterization of natural or
modified areas, providing information that could be used for
surface models. However, contradictory results regarding the
accuracy of the LAI MODIS product has been published
(Cohen et al. 2003, Aragio et al. 2005, Aragdo & Shimabukuro,
2007). These results may be related to an over estimation of
LAI, which is certainly associated with the fact that this product
is over-compensating the saturation effect, as well as to



contamination by clouds of the images used to compose the LAI
mosaic, which decreases the average value of this index to be
calculated by the product algorithm (Aragdo & Shimabukuro,
2007).

Thus, it is essential to evaluate the uncertainty of the MOD15,
in order to improve its accuracy. Moreover, the index to be
analyzed is a critical variable for estimating the carbon and
water fluxes in the biomes, as well as to understand their
responses to the effects of climate change.

This paper aims to analyze the efficiency of the LAI MODIS
product, in relation to an empirical equation developed by
Duchemin et al. 2006, in an area of the Cerrado (Brazilian
savanna) domain.

2. METHODOLOGY

The study area is located in Santa Rita do Passa Quatro (SRPQ)
Municipality (21°37°S, 47°37°W). It’s an area of 75491 ha
under cerrado domain and located in Sdo Paulo State, Brazil.
Figure 1 represents the location and extent of the cerrado
domain in Brazil and Sdo Paulo, as well as the study area.

By
=

NO

A

S10°

©
<

$20

/ $30

Santa Rita
do Passa
Quatro

W90" W80 W70 W60

Figure 1. Distribution of the cerrado domain in South America.
The inset map shows the extent of cerrado in Sdo Paulo State
and the location of the study area (adapted from Bitencourt ez al.
2007).

We also analyzed the Conservation Unit (CU) named Pé-de-
Gigante (PG) that covering approximately 1225 ha (21°43’S,

47°35W). The PG is located in SRPQ Municipality. The
objective is to perform an analysis on micro and macro scale of
the LAI MODIS and LAI Duchemin.

To assess the quality of LAl MODIS we downloaded the
MOD13 and MODI15 (145 and 161 of 2001) products with 1 km
of spatial resolution. We converted the NDVI images from 16
bits to 8 bits.

The NDVI and LAI images are from dry period when the
cerrado shows more contrast between its physiognomies. The
dry period maybe observed in the Figure 2 that presents the
precipitation registered for the areas along that year 2001.
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Figure 2. The precipitation during the year 2001 (adapted from
Mesquita Jr. et al., 2005).

Then these images were transformed into IDRISI Andes
software format, developed by Clark University (Eastman,
2006), where they were processed:

1. Windowing images (NDVI MODIS and LAI MODIS)
to restrict the study area;

2. Production of LAI Duchemin image from NDVI
MODIS image using the equation presented by Duchemin et al.
(2006);

3. Development standardized Principal Component
Analysis (PCA) for each LAI MODIS and LAI Duchemin
images aiming to reducing the errors related to the use of the
only one image obtained by each method;

4. Subtraction of the second principal component images
(2" PC), i.e., LAl MODIS 2™ PC minus the LAI Duchemin 2™
PC;

5. Classification of the image generated from the
subtraction described above.

Figure 3 shows a flowchart that illustrates the methodological
steps listed above. The Duchemin et al. (2006) equation is also
presented in the flowchart.
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Figure 3. Flowchart showing the methodological steps for
comparison between two LAI products (LAl MODIS and LAI
Duchemin et al. 2006).

The results of that paper is expected to be obtained by
classifying the final image generated from the subtraction
processed between LAI MODIS 2™ PC and LAI Duchemin 2™
PC, which refers to the variation of attributes between these
images. Values near zero indicate that were no changes in pixel
values (LAI values are similar between both methods), the
negative values indicate that the LAI Duchemin showed higher
values than LAI MODIS for the same pixel while the positive
values indicate that the LAI Duchemin showed lower values
than LAI MODIS for the same pixel. Thus, the image was
classified in three classes: Class 1 (negative values), Class 2
(values near zero) and Class 3 (positive values).

3. RESULTS AND DISCUSSION

Table 1 shows the percentages of pixels presented in each area.
These percentages were obtained from the classification of the
final image according to the criteria: Class 1 (negative values),
Class 2 (values near zero) and Class 3 (positive values). The
final image refers to the attributes variation presented in the LAI
MODIS and LAI Duchemin images used for analysis.

For the location of SRPQ, 58.2% of the pixels are in class 1
(negative values), while 41.3% are in class 2 (values near zero).
Only 0.5% are in class 3 (positive values). Thus, we affirm the
LAI MODIS is underestimating the LAI values in relation to
LAI Duchemin. For PG, 30.8% of the pixels are in class 1 and
69.2% are in class 2. In this location were not detected pixels in
class 3. Thus, we affirm that most of the LAI MODIS values are

similar to LAI Duchemin values. However, there is some
underestimation of MODIS LAI values compared to LAI
Duchemin.

Table 1. Percentage of pixels obtained for each area. SRPQ =
Santa Rita do Passa Quatro Municipality; PG = Pé-de-Gigante
Conservation Unit

Class Number SRPQ PG
(final image)

1 582 30,8

41,3 69,2

3 0,5 0,0

When the two locations (SRPQ and PG) are compared, we
found that there are differences regarding the distribution of
pixels between classes. Certainly these differences are
associated with the spatial scale and the land cover. The SRPQ
is an agricultural municipality (mostly sugar-cane and orange)
and PG is a conservation unit with xenomorphic vegetation type
(all cerrado physiognomies with dry season occurring from June
to September).

Our results allow a simple evaluation of the LAI MODIS
performance in areas under cerrado domain. The next step is to
determine where is located the uncertainty about the values
acquired by the LAI MODIS. The algorithm that calculates the
LAI MODIS basically has two input variables: the reflectance
surface images obtained by the sensor (red and near infrared
bands) and the global biome map, generated from the analysis
and classification of MODIS images acquired in 2000 (Wang et
al., 2001). Therefore, the LAI values are estimated by a look-
up-table (LUT) system that uses an inverted three-dimensional
radiative transfer model (Knyazikhin et al., 1998). The
algorithm, thus, will compare the observed and modeled
reflectance for a group of different vegetation and soils types,
i.e., it assigns a LAI value through the reflectance of a given
pixel and the type of biome that the pixel belongs. However, the
main algorithm can fail and in this case, a secondary algorithm
will calculate the LAI using the NDVI image and the global
biome map, also by the LUT system (Myneni et al., 1997).
There are two main factors that affect the quality of LAI
MODIS: uncertainties related to the input variables or related to
the models that support the algorithms (Tan et al., 2005).

In this paper we use only MODIS images (LAl MODIS and
NDVI MODIS), thus we can infer if the main input variable
(reflectance images) could be a problem in estimating the LAI
values. However, with the results obtained here it was possible
to determine that was no difference between values of LAI
estimated by LAI MODIS and LAI Duchemin, that is a product
of a NDVI MODIS image. This suggests that the problem is not
related to the reflectance images, but associated to the global
biome map or to the inverted three-dimensional radiative
transfer model.



4. CONCLUSIONS

In this paper was possible to ascertain an underestimation of the
LAI values obtained in MOD15 product. This problem may be
associated to the global biome map or to the inverted three-
dimensional radiative transfer model. Analyses seeking to
reassess the quality of the global biome map, and the inverted
three-dimensional radiative transfer model can account this low
performance of the MODI15 product or even help the
development of an adjustment mechanism for this product.
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