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ABSTRACT

Within the framework of ESA% Earth Observation Program, the Medium Resolution Imaging Spectrometer (MERIS) is
developed as one of the payload components of the ENVISAT-1. MERIS is a fully programmable imaging
spectrometer, however a standard 15 channel band set will be transmitted for each 300 m. pixel (over land) covering the
visible and near-infrared wavelength range. Since MERIS is a multidisciplinary sensor providing data that can be input
into ecosystem models at various scales, we studied MERIS’ performance relative to the scale of observation using
simulated data sets degraded to various resolutions in the range of 6m. up to 300m. Algorithms to simulate MERIS data
using airborne imaging spectrometer data sets are presented, including a case study from DAIS 79-channel imaging
spectrometer data acquired on 8 July 1997 over the Le Peyne test site in southern France. For selected target
endmembers garrigue, maquis, mixed oak forest, pine forest and bare agricultural field, regions of interest are defined in
the DAIS scene. For each of the endmembers, the vegetation index values in the corresponding ROI is calculated for the
MERIS data at the spatial resolutions ranging from 6 up to 300m. We applied the NDVI, PVI, WDVI, SAVI, MSAVI,
MSAVI2 and GEMI vegetation indices. Above ground biomass was estimated in the field and derived from the DAIS
image and the MERIS data sets (6-300m. resolution). The vegetation indices show to be constant with the spatial scale
of observation. The best relation between the MERIS’and DAIS’NDVI is obtained when using a linear model with an
offset of 0.15 (r=0.31). A Pearson correlation matrix between above ground biomass measured in the field and each
spectral band reveals a modest but significant (p<0.05) correlation for most spectral bands. When mathematical
functions are fitted through the NDVI and biomass data, an exponential fit shows the extinction and saturation at larger
vegetation biomass values. As the correlation between biomass and NDVI for DAIS is modest, for MERIS imagery
hardly a correlation is found (r = 0.2). This could imply that the MERIS spatial resolution is too coarse relative to the
field sampling scale or that accurate above ground biomass estimates from DAIS (and thus MERIS) imagery are
impossible to derive. In the last part of the paper, we show that MERIS can produce reliable red edge positioning
information.

1 INTRODUCTION

Within the framework of ESA% Earth Observation Programme, the Medium Resolution Imaging Spectrometer
(MERIS; Rast ef al. 1999) is developed as one of the payload components of the ENVISAT-1, proposed for launch in
2000). MERIS is an advanced optical sensor with high spectral and moderate spatial resolution designed to acquire
remote sensing data of relevance to environmental management and to the understanding of regional to global scales
(Bézy et al., 1996). MERIS’ primary mission goal embraces biophysical oceanography ( phytoplankton biomass and
productivity) and the secondary mission goals of MERIS include atmospheric investigations as well as land surface
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processes. The capabilities of MERIS for oceanic studies have been widely investigated here we study the use of
MERIS for land applications. Some work on this topic has been conducted. In this paper we present the results of a
study of the MERIS vegetation index and biomass estimates at various spatial scales of observation. MERIS data is
simulated using airborne imaging spectrometer data from the DAIS 7915 imager.
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Figure 1. NDVI results emphasizing the spectral domain for garrigue, maquis, mixed oak forest, pine forest and a bare
agricultural field (abandoned vine yard, ploughed) at different spatial scales (symbol for the endmembers: garrigue =
diamond, maquis = square, mixed oak forest = triangle, pine forest = cross, bare agricultural field = star).

2 MERIS SIMULATION USING DAIS AIRBORNE DATA

Spectral simulation is possible when the source sensor has a spatial and spectral resolution higher and better
respectively than the target simulated sensor (Justice et al, 1989). The spectral resampling of existing
airborne/spaceborn data sets towards the MERIS spectral properties are not described in detail in the literature. Spatial
resampling methods are described by Justice et al. (1989). These authors use a spatial filter ( gaussian blur filter) and
sampling mechanism (Fast Fourier Transforms) to simulate coarse resolution data. We use band matching to simulate
MERIS from DAIS. Spatial degradation follows two steps. The first step requires modeling the transfer function
between the initial data and the desired data and deriving a spatial filter that allows simulation of the coarse resolution
imagery. The second step involves re-sampling to the desired pixel size. As is the case in spectral re-sampling with the

spectral response function, the sensors Point Spread Function (PSF) gives the spatial response of the sensor. We used
as input to the simulation, airborne data from the DAIS 7915 acquired by DLR under the EU TMR-LSF program over
the Le Peyne test site (Southern France). The Peyne river is a tributary of the Hérault river and is located in central
southern France, roughly between Montpellier and Béziers. The catchment is located at the edge of the Massif Central,
the '"Montagne Noir' and the coastal plain of the Mediterranean sea. As a result of this, the Le Peyne catchment displays
a large variety of soil and rock types from north to south. The flight lines of DAIS were chosen in such a way that they
cover as much as possible variation in geology, soils and vegetation. The physiographic sections that can be
distinguished from south-east to north-west are as follows. The southern part consists of Tertiary marl and limestones.
The rivers Peyne and Hérault have locally deposited recent fluvial material on top of these formations. Moving north-
west Triassic marls and sandy dolomites are surfacing. Next, a complex area of Paleozoic flysch and conglomerates is
situated around the artificial lake of Vailhan. The northern part of the DAIS flight strips are covered by Permian reddish
clayey marls. At various locations in the study area, basalt and tuff formations are found documenting volcanic
activities dated Pliocene. The land use in the southern flat part of the Le Peyne catchment is predominantly vineyards.
The northern part is characterized by a hilly terrain covered by a mixed oak forest of Mediterranean sclerophylous
species.

The 79-channel Digital Airborne Imaging Spectrometer (DAIS 7915) built by the Geophysical Environmental Research
corp. (GER) is the successor of the 63-channel imaging spectrometer GERIS. The instrument covers the spectral range
from the visible to the thermal infrared wavelengths at variable spatial resolution from 3 to 20 m. depending on the
carrier aircraft flight altitude. Six spectral channels in the 8 - 12 mm. The DAIS images were calibrated by DLR and
delivered within units of radiance. The radiometric correction was done using the empirical line method with dolomite,
water, bauxite and a bare agricultural field spectrum as targets. Geometric correction was conducted using a new
geostatistical approach that employs a moving neighbourhood kriging. Kriging is applied to predict ground control
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points from a set of measured differential GPS samples in the field. Usually airborne datasets are not oriented towards
the north because of disk space requirements, but rather stored in a file in the flight direction of the aircraft.
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Figure 2. Vegetation indices for different target types at different spatial resolutions ranging from 6m. up to 294 m.
(from top left to bottom right: NDVI, WDVI, SAVI, GEMI, TSAVI, PVI, MSAVI2, MSAVI, symbol for the
endmembers: garrigue = diamond, maquis = square, mixed oak forest = triangle, pine forest = cross, bare agricultural
field = star).

3 MERIS VEGETATION INDICES

Five regions of interest (ROI) were defined in the DAIS scene for selected target endmembers: garrigue, maquis, mixed
oak forest, pine forest and bare agricultural field. For each of these endmembers the vegetation index values were
calculated using the following equations, respectively:

NIR - red
NDV[= ———— [1]
NIR + red
2 1 @
PVI= @———p* NIR -a*r -b) 2]
@&/a’ +1@
WDVI= NIR - a *red 3]
savi— & NR -red o, (+L) [4]
ENIR + red + L%
a*(NIR - a *red - b)
TSAVI = [5]
(b*NIR +red -b*a+ X *(1 +a*a))
MSAVI= 2 NIR - red P 1+ 0 -2%a*NDVI *WDVI)][6]

SNIR + red + ( - 2 xa » NDVI *WDVI)E
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where NIR is the near infrared reflectance (MERIS band 12 at 775nm., DAIS band 17 at 773nm.), red is the red
reflectance (MERIS band 7 at 665nm., DAIS band 11 at 671nm.), a is the slope angle between the soil line and the near

infrared axis, b is the offset of the soil line, X is the x factor described earlier, L is the L factor described earlier, and eta
is defined as

2% |VIRY - ved ]+ 1.5 NIR)+ 0.5 *red) o
NIR + red + 0.5

Biomass estimates were derived in the field from 120 transects of 30 meters. For shrubs, the method of Pereira et al.
(1993) was used which applies the following formula to calculate biomass:

shrubs = 0.642 * (hs)o'o75 * (61'9)2'4901 *166.67* N, [10]
For trees we used the method of Floret ez al. (1989) which applies the following equation:

_( 16.6845+(0.665729(d,) h,)) N, [11]

where % is height in cm.,d is diameter in cm. and N is the counts. To assess above ground biomass (AGB) from spectral

information a spreadsheet database was created with geographic co-ordinates, cover types and AGB for trees, shrubs

and their totals. All sample points were located in the DAIS and MERIS imagery and were added to the database. The
database allowed statistical analysis of the spectral andbiomass information, which enabled to create transfer models to
assess AGB from spectral information.

GEMI = Eta * (- 0.25*eta)
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Figure 3. Relation between DAIS NDVI and MERIS NDVI withy=x plot line offset by 0.15 yielding the best possible
(but statistically insignificant) fit.

4 RESULTS OF VEGETATION INDEX AND BIOMASS ESTIMATES

Comparing the different vegetation index values from the differenROlIs at the different spatial scales (Figure 1 and 2)
the following can be seen: the vegetation indices remain constant at all scales. As mixedak forest is thought to cover
the surface close to 100%, this ROI should give the highest vegetation index values. Thegarrigue endmember is
thought to have the lowest value. Vegetation index values derived from the NDVI, SAVI, MSAVI, MSAVI2 and GEMI
confirm this. The GEMI, however, has much higher values than the other indices. This maybe the result from the
objective of the GEMI: to correct for atmospheric interactions. Alternatively, the radiometric calibration of the
DAIS7915 image using the empirical line method is not sufficient. Figure 2 shows that the PVI, WDVI and TSAVI
show a pattern contrary to that of the other vegetation indices. For these indices, mixed oak forest has the lowest
vegetation index values and garrigue the highest. The PVI is an atmospheric sensitive index, and described above, a
detailed look should be given to the accuracy of the performed radiometric calibration. The WDVI is calculated using a
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soil line which might have been wrongly defined. The TSAVI is calculated using a soil adjustment factorX(). This X-
factor used (0.08) and may not be appropriate in our specific case. The curves show some irregularities, in some cases
vegetation index values increase with increasing pixel size, sometimes vegetation index values decrease. Especially
around the 250 m. pixel size, the maquis and the agricultural field values become very erratic. Pine vegetation index
values show a decrease at 200 m. pixel size, while the other types still have increasing values.

Figure 1 illustrates the relation between NDVI and pixel size for the five different target typesgarrigue, maquis, mixed
oak forest, pine forest and a bare agricultural field (i.e., an abandoned andploughed vine yard). For four defined targets
varying spatial resolution from 6 up top 300 m. has no effect on the NDVI and the curves are almost superimposed and
distinct NDVI amplitudes can be seen. Mixedoak forest has the highest NDVI level (approximately 0.45),maquis and
pine forest balance around 0.35, garrigue has values between 0.2-0.25 and the bare soil varies between 0.05 and 0.2.
The NDVI for the endmember bare agricultural field tends to converge towards garrigue at larger spatial resolution due
to the problem of not ‘“seeing” a single agricultural field (spatial size: 120x180 m) at the MERIS spatial resolution of
300 m. The relation between the MERIS’ and DAIS’NDVI is important because it relates to the spatial correlation
between them. In theory one expects to fit a y=x linear through the data (Figure 3), however the best fit (r=0.31) is
obtained adding an offset of 0.15. A Pearson correlation between biomass and each spectral band reveals a modest but
significant (p<0.05) correlation for most spectral bands from 0.32-0.44 (Delong et al., 1998). When mathematical
functions are fitted through these data of NDVI and biomass, an exponential fit provides the best result. As expected
each fit has the shape of an extinction function and becomes saturated at larger vegetatiorbiomass values (Figure 4). As
the correlation between biomass and NDVI for DAIS is modest, for MERIS imagery hardly a correlation exists (r =
0.2). There are two possible causes for this (assuming the field measurements to be correct): 1) the MERIS spatial
resolution is too coarse according to the field sampling scale or, 2) accurate AGB assessment is difficult (impossible)
using DAIS (and thus MERIS) imagery.
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Figure 4. Biomass assessment (AGB) using the original DAIS data (top graph) and the MERIS data (bottom graph).
Ellipses (from left to right) identify pixels belonging to the targets.
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5 RED EDGE POSITIONING ALGORITHMS FOR MERIS

Two methods for estimating the red edge position of the vegetation spectrum, indicative for plant vitality, are in use: the
method of Guyot & Baret (1988) and the method of Dawson & Curran (1998). The linear method is used here Guyot &
Baret 1988) assumes a straight slope of the reflectance spectrum around the midpoint between the reflectance at the
NIR plateau and the reflectance minimum at the chlorophyll absorption feature in the red. This midpoint is then defined
as the red edge index. This point may not coincide with the maximum of the first derivative, but it appears to be a very
robust definition and it needs only a very limited number of spectral bands. Thus, this method is very useful for
practical applications. Although the spectral bands of the MERIS standard band setting at the red edge slope are not
optimally located, they can be used for applying the linear method for red edge index estimation. The bands to be used
are located at 705 and 753.75 nm. However, since the latter band is located very close to the oxygen absorption feature
of the atmosphere, an atmospheric correction must be applied previous to calculating the position of the red edge using
the MERIS bands. Previous studies have shown that for bands located at about 700 and 740 nm, an atmospheric
correction is not necessary since the red edge calculated in terms ofreflectances equals the one calculated in terms of
radiances. In Figure 5 a comparison of the red edge position calculated using the linear method interpolating between
700 and 740 nm and the linear method using the MERIS spectral bands is shown, thus interpolating between 705 and
754 nm, PROSPECT-SAIL simulation for a canopy with varying leaf chlorophyll content and various LAI values. The
regression line reyggris = -409.0 + 1.574 * req0.740  1s also plotted providing insight into the statistical viability of the
data.
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Figure 5. Comparison of the red edge position calculated using the linear method interpolating between 700 and 74Gm
and the linear method using the MERIS spectral bands, thus interpolating between 705 and 7541m, PROSPECT-SAIL
simulation for a canopy with varying leaf chlorophyll content and various LAI values. The regressioline reyggris = -
409.0 + 1.574 * reqp0.740  1s also plotted.

Results in this study show that there exists a nearly linear relationship for the linear method using either bands at about
700 and 740 nm or the MERIS bands, albeit that it not coincides with the 1:1 line. This means that we have to work
with instrument-specific red edge indices. For MERIS, the above-mentioned linear relationship may be used for
translating red edge index values obtained with one method (using the MERIS bands) into values obtained with the
other method (based on bands at 700 and 740 nm). Deviations occur mainly at high red edge index values matching
vegetation with a high chlorophyll content and with very high LAI values. To cope with this a non-linear function might
be fitted. Another possibility is to fit a second linear relationship for the upper part of the curve. The breakpoint then
seems to lie at about 720 nm for the standard linear method (coinciding with about 725nm for the MERIS method).
When fitting a linear function for this upper part of the curve (for the simulated data), the regression line yields:eygrs
= -243.7 + 0.668 * resg9.720 r = 0.980. For the remaining part of the curve still the relationship given in the previous
section will be used. The two regression lines are illustrated in figure 6. It appears, moreover, that the determination of
the red edge index using the MERIS band setting becomes less sensitive to variations in chlorophyll content and LAI
than the standard linear method using interpolation between 700 and 740nm.
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Red Edge Position Comparison
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Figure 6. Comparison of the red edge position calculated using the linear method interpolating between 700 and 74Gm
and the linear method using the MERIS spectral bands, thus interpolating between 705 and 7541m, PROSPECT-SAIL
simulation for a canopy with varying leaf chlorophyll content and various LAI values. The two regression are also
plotted: Line 1: TCMERIS = -409.0 + 1.574 * 1€700-740 Line 2: TCMERIS — -243.7 + 0.668 * 1€700-740

6 CONCLUSIONS

Simulated MERIS data from airborne DAIS data have been presented as well as an approach for the convolution
necessary to obtain the data sets. We have gathered biomass data in the field partly from spectral measurements and
have derived standard vegetation products from the image data at variable spatial resolutions. Five regions of interest
were defined for the selected target endmember: garrigue, maquis, mixed oak forest, pine forest and bare agricultural
field. The vegetation indices, althoughthe differ amongst themselves, show to be remarkable constant with the spatial
scale of observation. The NDVI for the endmember bare agricultural field tends to converge towards garrigue at larger
spatial resolution due to the problem of “seeing” a single agricultural field (spatial size: 120x180 m) at the MERIS
spatial resolution of 300 m. A Pearson correlation matrix between above groundbiomass measured in the field and each
spectral band reveals a modest but significant (p<0.05) correlation for most spectral bands (Ddong et al., 1998). When
mathematical functions are fitted through the NDVI andbiomass data, an exponential fit gives the best fit showing the
extinction and saturation at larger vegetation biomass values. As the correlation betweenbiomass and NDVI for DAIS
is modest, for MERIS imagery hardly a correlation is found (r = 0.2). There are two possible causes for these results
assuming the field measurements are correct and accurate: (1) the MERIS spatial resolution is too coarse relative to the
field sampling scale or, (2) accurate above ground biomass estimates from DAIS (and thus MERIS) imagery are
impossible to derive. This study has also shown that the MERIS standard band setting can be used for deriving red edge
index values. It has paid no attention to the physical interpretation of red edge index values at the scale level of MERIS.
The spatial resolution of MERIS is 300 m, so one hardly will observe single fields or objects of just one vegetation type.
MERIS application concerns more the application at, for instance, the ecosystem level. Highest sensitivity to variations
in vegetation variables, like chlorophyll content and LAI, occurs at the lower values of these variables. One may expect
these ranges in variables more at the ecosystem level, particularly when looking at natural ecosystems.
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