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Through the interaction of climate, land, and vegetation cover, 
desertifi cation processes operate at fi ne spatial scales, yet policies 

are implemented at the regional scale [1], [2], [3]. This problem is 
commonly addressed through spatially intensive fi eld surveys of 
vegetation cover and analysis of remote sensing imagery at relatively 
fi ne spatial scales, in which substantial success has been achieved [4], 
[5]. However, the challenge has been to acquire and validate fi ne-scale 
vegetation cover data (typically from multi-day NDVI composites) for 
the large spatial extents required for regional resource management 
and policy implementation. To address this challenge, we evaluated 
the comparability of multi-sensor remote sensing images and their 
potential for simultaneous and/or interchangeable use in enhancing 
both the spatial and temporal aspects of explanatory and predictive 
land degradation and desertifi cation models. 

To achieve 
our goals, 

we explored the  
spatial structure 
and behavior of 
vegetation cover  
in moderate (few 
hundred meters) 
to coarse (one to 
few kilometers) 
scale images from 
the MODIS and 
AVHRR imaging 
instruments. Such 
images provide the 
required spatial 
coverage for 
assessment of land 
degradation and 
desertifi cation [6], 
[7], [8], [9], [10]. 
Specifi cally, our 
goals were to: (a)  derive a quantitative measure of vegetation cover 
structure and variability at different spatail scales, and (b) compare the 
moderate-scale spatial properties of vegetation cover to those at coarser 
scales of observation. In achieving these goals, we also investigated the 
potential for interchangeable use of images at different spatial scales 
for quantitative description of the spatial structure of typically sparse 
vegetation cover in the Mediterranean region of Southern Europe 
(Spain) and Northern Africa (Algeria and Tunisia) that is prone to land 
degradation and desertifi cation (Figure 1). 

The analysis confi rmed that information from the moderate resolution 
images (250 m and 500 m MODIS) could be used to describe 

the spatial pattern of vegetation cover in coarse resolution images (1 
km MODIS and 8 km AVHRR). These results suggest that moderate 
resolution images can be useful for coarse-scale parameterization of 
variables through the quantitative description of spatial heterogeneity 
based on variogram analysis of MODIS and AVHRR NDVI products. 
This study makes a valuable contribution to the domain of cross-scale 
investigations in that it examines real-world, multi-source images rather 
than spatially aggregated imagery from a single imaging instrument. 
Most notably, this study applies directly to the practical challenges of 
complex land degradation and desertifi cation monitoring in semi-arid 
environments, thus allowing scientists and resource managers to work 
with a greater variety of remote sensing images. 
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In order to assess the nature 
and behavior of spatial 

structures, we subjected the 
moderate and coarse resolution 
images to geostatistical 
analysis of spatial variance 
[11]. For this purpose, 
the normalized difference 
vegetation index (NDVI) 
products from the NOAA-
AVHRR and MODIS/Terra 
imaging instruments were 
used as these are related to 
the spatial distribution of vegetation cover in the study region. These 
instruments have different sensor characteristics and image processing 
chains (Table 1). We used multi-day NDVI composites from the AVHRR 
GIMMS group generated at 8 km spatial resolution, and the following 
MODIS  NDVI products from the EOS Data Gateway: MODIS 1 km 
(MOD13A2), 500 m (MOD13A1), and 250 m (MOD13Q1) as shown 
in Figure 2. Omnidirectional semi-variograms were derived from each 
global NDVI product subset. The cross-scale comparison of spatial 
structure and variability was based on the  semi-variance value for a 
series of increasing lag distances, as well as on the range and sill values 
of the AVHRR and MODIS empirical variograms shown in Figure 3. 

Figure 1. Desertifi cation Vulnerability Map of Southern 
Spain and Portugal, Europe, and Morocco, North Africa. 
The world map of desertifi cation vulnerability is  prepared 
and updated by the U.S. Department of Agriculture, 
Natural Resources Conservation Service, Soil Survey 
Division, World Soil Resources, in Washington, D.C., 1998.
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Figure 3. Omni-directional Empirical Semi-Variogram Curves for 
8-km AVHRR and 1-km, 500-m, and 250-m MODIS NDVIʼs.

Figure 2. Normalized Difference Vegetation Index (NDVI) Maps of the Study Region (Southern Spain and Portugal, and Morocco) with 
detailed views of the AVHRR 8-km, MODIS 1-km, 500-m, and 250-m multi-day NDVI composites covering nearly 3000 square kilometers.  
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