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ABSTRACT: Vegetation monitoring has been performed by remotely sensed images
since the early launches of Landsat satellite series. Recent satellite sensors, such as
MODIS, provide frequent wide scale coverage in multiple areas of the spectrum,
allowing the estimation of sophisticated vegetation indices (VIs), which are insensitive
to soil background, atmospheric disturbances, and other factors that influence the
quality of the recorded information. It is not, however, clear which VI performs better
during operational monitoring of wide scale vegetation patches, such as CORINE
Land Cover (CLC) classes. The aim of this work was to investigate the performance
of several VIs in monitoring of CLC vegetation types, using MODIS / Terra data.
This was achieved by assessing the performance of the VIs for discriminating between
different CLC vegetation types, and their sensitivity to factors such as the aspect, viewing
angle, signal saturation, and partial cloud cover, in order to identify their operational
monitoring ability. Results indicate the Enhanced Vegetation Index (EVI) as superior for
discriminating between CLC types, but not always optimum in the performance tests for
operational monitoring.

1 INTRODUCTION

Vegetation is monitored from Earth Observation satellites at large scales in order to
provide knowledge about the condition of natural ecosystems, the productivity of crops
and the assessment of fire risk (Katagis et al. 2006). Often, monitoring of vegetation
conditionwith remotely sensed data is performed by employing vegetation indices (VIs),
which are spectral transformations of two or more bands. The usefulness of using VIs
is immense, as they allow easy calculation and interpretation, and minimisation of
radiometric, atmospheric and topographic effects. A large number of VIs has been
designed, providing several advantages (Silleos et al. 2006). Inevitably, several
evaluations and comparisons betweenVIs have beenmade available using the probability
theory (Vaiopoulos et al. 2004), regression analysis (Lawrence and Ripple 1998) and
sensitivity analysis (Ji and Peters 2007). However, it is not clear which VI performs
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better during operational monitoring of wide scale vegetation patches, such as CORINE
Land Cover (CLC) classes, as a comparative analysis has not been performed yet for
large coverage satellites, such as the MODIS/Terra sensor.
The aim of this work was to investigate the performance of several VIs in monitoring

vegetation condition of CORINELandCover vegetation types, usingMODIS/Terra data.
The objectives were: (i) to investigate the performance of various VIs for discriminating
between different CLC vegetation types, and (ii) to investigate the VIs’ sensitivity to
factors that influence operational monitoring.

2 STUDYAREA AND DATA DESCRIPTION

The study area was the whole of Greece (131,000 km2), including only vegetated areas
according to CLC2000. The vegetation cover is considered as typical Mediterranean and it
is consisted by natural vegetation (forests, pastures scrubs and herbaceous vegetation
associations) and agricultural vegetation (arable land, heterogeneous agricultural areas and
permanent crops). A listing of CLC vegetation types (Level 2) is represented in Figure 1.
The data used in this study were acquired by the Moderate Resolution Imaging

Spectroradiometer (MODIS) on board the Terra satellite. The CORINE Land Cover was
also used to identify areas of homogeneous land cover. The dataset were:

* TheMODIS/TERRA daily Surface Reflectance product (MOD09GHK) at 500m pixel
resolution. This product was selected in preference to the 250mMOD09GQK because
it included the spectral bands necessary for the calculation of the examined VIs.
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Figure 1. Vegetated areas of Greece according to CORINE Land Cover 2000 (Level 2).
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* The MODIS/TERRA 8day Leaf Area Index product (MOD15A2.A) at 1km pixel
resolution.

* The MODIS/TERRA daily Geolocation Angles product (MODMGGAD.A) at 1km
pixel resolution.

* The Digital Elevation Model (DEM) of Greece at 127m resolution, derived from
interpolation of elevation contours.

* CORINELandCover 2000. From theCLC2000 data the 2ndLevel of classificationwas
used, as it was in a similar scale to the above mentioned raster datasets.

3 METHODS DATA ACQUISITION AND PRE-PROCESSING

All the MODIS data were downloaded from the Earth Observing System Data Gateway
(http://edcimswww.cr.usgs.gov/pub/imswelcome/). They were reprojected from the
Sinusoidal projection to the Greek, and the tiles covering the study area were mosaicked
and masked to the extents of Greek land.
Three VIs were examined in this study: the Simple Ratio index SR (Birth and McVey

1968), the Normalized Difference Vegetation Index NDVI (Rouse et al. 1974), and the
Enhanced Vegetation Index (Huete et al. 1999). All these VIs were created by using the
Surface Reflectance products, which were at full radiometric range, having a pixel size of
500m, aswere the input reflectance images. Factors used in EVI calculationwere adopted
following Huete et al. (1999): L = 1 C1 = 6 C2 = 7.5 G = 2.5.

3.1 Evaluation of indices for discriminating between CLC types

The basic assumption for the first objective was that monitoring vegetation condition
would be better performed with VIs that are able to discriminate between CLC types.
Therefore, the objective function is formulated: the optimum VI for discriminating
between CLC types would also display highest heterogeneity between CLC types.
At the same time, the observed values of the optimum VI are expected to display
high homogeneity within CLC types. So, if a vegetation index has high homogeneity
within the CLC types and simultaneously has high heterogeneity between CLC types,
then it is highly responsive to the changes of vegetation and could be more useful in
monitoring. To facilitate interpretation of results, a performance metric was estimated
by dividing homogeneity by heterogeneity. The best VI would display the lowest
metric value.
The criterion used for estimation of homogeneity was the summary of coefficients of

variation (CV) ofVI valueswithin eachCLC type. TheVIwith the lowest summary ofCV
was the VI that had the highest homogeneity within the CLC types.
The criterion used to estimate heterogeneity, i.e. the differentiation betweenCLC types

was the CVof the mean values of each CLC type. The VI with the highest CVof mean
values was the VI that had the highest heterogeneity between the CLC types.
Themethod used for the estimation of homogeneity and heterogeneity was to calculate

means and standard deviations of the pixels of VIs in each CLC type. This was achieved
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by considering the CLC types of level 2 as zones, within which descriptive statistics were
calculated from the raster VI layers.

3.2 Evaluation of indices for operational vegetation monitoring

The basic assumption for the second objectivewas thatVIs should be usable under normal
conditions, thus performing well for operational vegetation monitoring. Therefore, the
objective function was formulated: a VI would be useful in operational monitoring if it
was not affected by the factors that usually hinder Earth Observation monitoring. The
performance of the VIs to various factors was examined using performance tests.
– Aspect: Aspect is a factor reported to influence the sensor’s return signal, depending

on the relief and sun azimuth and elevation. The criterion used to investigate the influence
of aspect was the level of correlation between the VIs and the aspect. The VI with the
lowest correlation coefficient with aspect was the most appropriate for operational
monitoring. In order to assess the relation of VIs in relation to aspect, a random sample of
1000 points was selected, which covered the whole Greece. Then an aspect raster was
created at 500 m pixel using the DEM and was represented by 8 classes (N, NW,W,WS,
S, SE, E, NE). For each point of the random sample the values of each VI and the aspect
class were recorded and correlated in pairs.
– Viewing angle: Wide coverage images are mostly influenced by sensor viewing

angle (Zhang et al. 2003). The criterion for the investigation of influence of viewing
angle was again the level of correlation between the VIs and the sensor’s zenith azimuth.
The VI with the lowest correlation coefficient with the sensor’s zenith azimuth was
the most appropriate for operational monitoring. The methodology used to compare the
performances of the VIs against the influence of viewing angles was the same as for the
aspect, using the same set of 1000 random sample points.
– Saturation: The major limitation of confined ratio vegetation indices, such as NDVI

and EVI, is that they asymptotically approach a saturation level after a certain biomass
density or LAI (Tucker 1977, Todd et al. 1998, Gao et al. 2000). The criterion to
investigate the saturation of the VIs was the variability of a VI at the areas of high
biomass, where LAI was highest. The MODIS/TERRA 8day Leaf Area Index product
(MOD15A2.A) at 1km pixel resolution was used as reference and the VI displaying the
highest correlationwith LAI at the highest end values should be theVI less saturated. This
was tested using the same randomsample of 1000points, fromwhich theLAI productwas
extracted and correlatedwith the correspondingVI pixel values. Values of LAI lower than
2 were not included in this analysis, as VIs were not expected to be saturated with sparse
vegetation.
– Partial cloud cover: Partial cloud cover is a factor influencing VIs in images of large

pixel sizes (Zhang et al. 2003). The criterion used to investigate the influence of partial
cloud cover was the level of correlation of VI values between partially cloud covered
pixels of the examined day with the corresponding pixels of the previous or next cloud
free day. The VI with the higher correlation coefficient of partially cloud covered pixels
between the two days should the most appropriate for operational monitoring, as this VI
would be the least affected from partial cloud cover. The methodology followed for this
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purpose was to isolate some pixels at the perimeter of clouds, thus potentially partially
cloud covered,whichwere cloud free at the previous or the next day. This comparisonwas
based on the assumption that the changes in vegetation condition were not significant
between two days (Alexandridis et al. forthcoming).

4 RESULTS AND DISCUSSION

4.1 Performance of VIs for discriminating between CLC types

The results for VIs capability to discriminate the CLC types appeared to be contradicting
between the two performance tests (Table 1). The first performance test (homogeneity
between CLC types) showed that NDVI hadmore homogenised pixel values for the 13/5/
2003 and 14/08/2003 dates. On the contrary for 25/10/2003 and 16/02/2004 the best
performing index was EVI. However, a consistently high performance is displayed by
EVI according to the performance metric, with the exception of 14/8/2003, where SR is
performing better. This was expected, as EVI was designed to outcome known problems
of older VIs.

4.2 Performance of indices for operational vegetation monitoring

There was no correlation between the examined VIs and aspect (Table 2a). Therefore,
aspect does not play an important role as an influencing factor for any of the examined
indices.
The results of viewing angle influence, although all the correlation coefficients were

low (<0.5), show that SR had the lowest correlation with sensor zenith’s azimuth,
followed by NDVI. EVI was for all dates the most highly correlated (Table 2b).
Regarding the influence of saturation, the results showed that SR was the highest

correlated VI with LAI, at values where saturation is expected (Table 2c). This was
probably because of the design of SR not be confined.
Finally, the influence of partial cloud coverwas the lowest for EVI, consistently at all

the examined days (Table 2d). This was probably because of the design of EVI to be
insensitive to atmospheric influences (Huete et al. 2002).

Table 1. VI’s performance metric for discriminating between CLC types (bold shows VI with
highest performance).

Examined
date

Within classes
homogeneity (a)

Between classes
heterogeneity (b)

Performance metric (a / b)

SR NDVI EVI SR NDVI EVI SR NDVI EVI

13/05/2003 0.602 0.395 0.427 0.336 0.221 0.245 1.792 1.787 1.743
14/08/2003 0.615 0.376 0.417 0.316 0.181 0.200 1.946 2.077 2.085
25/10/2003 1.486 0.682 0.499 0.232 0.187 0.201 6.405 3.647 2.483
16/02/2004 1.176 1.131 0.659 0.155 0.225 0.234 7.587 5.027 2.816
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5 CONCLUSIONS

In this paper the evaluation of SR, NDVI and EVI for operational monitoring of
vegetation condition was performed using descriptive statistics estimated at various CLC
vegetation types and correlation coefficients organised in various performance metrics.
EVI was more able to discriminate between different CLC vegetation types during

most of the examined dates. Therefore, this VI could detect the subtle differences of
vegetation condition, when performing monitoring at these scales.
Regarding the VIs’ use in operational conditions, EVI was superior in monitoring

vegetation condition under partial cloud cover. However, SR and NDVI were superior
under conditions of saturation and variable viewing angles. Therefore, a single VI cannot
overcome all the potential problems met at monitoring vegetation conditions at these
scales using MODIS data. In fact, their performance in operational monitoring followed
closely the specifications of the VI’s design.
Themajor disadvantage of estimating EVI fromMODIS datawas the fact that it cannot

take advantage of the sensor’s full spatial resolution (250 m), as the blue band that was

Table 2. (a) Influence of aspect (correlation coefficients of VIs with aspect), (b) Influence of
viewing angle (correlation with sensor’s zenith), (c) Influence of saturation (correlation with LAI
product in values greater than 2.0), (d) Influence of partial cloud cover (correlation of partially
cloud covered pixels with the cloud free pixels of the previous or the next day).

Examined date SR NDVI EVI

(2a)
13/05/2003 �0.054 �0.020 �0.068*

14/08/2003 �0.095** �0.096** �0.083**

25/10/2003 0.044 �0.018 �0.043
16/02/2004 0.009 �0.032 �0.011

(2b)
13/05/2003 0.038 0.013 0.019
14/08/2003 0.338** 0.420** 0.386**

25/10/2003 �0.214** �0.430** �0.393**

16/02/2004 0.086** 0.065** 0.144**

(2c)
13/05/2003 0.211** 0.111 0.198**

14/08/2003 0.403** 0.361** 0.163**

25/10/2003 0.123 0.027 0.011
16/02/2004 0.110 �0.023 �0.084

(2d)
13/05/2003 �0.067** �0.037 0.053*

14/08/2003 0.313** 0.299** 0.588**

25/10/2003 0.201** 0.179** 0.366**

16/02/2004 0.108** 0.326** 0.597**

**Correlation is significant at the 0.01 level (2-tailed).*Correlation is significant at the 0.05 level
(2-tailed).
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necessary in the calculations is only available at 500 m and 1 km. Future communication
may concentrate on the influence of CLC scale level and image spatial resolution on the
monitoring performance.
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