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  Pref ace   

 This report examines the scientifi c basis for the use of remotely sensed data, particularly 
the normalized difference vegetation index (NDVI), for the assessment of land 
degradation at different scales and for a range of applications, including resilience 
of agroecosystems. Evidence is drawn from a wide range of investigations, primarily 
from the scientifi c peer-reviewed literature but also non-journal sources. The litera-
ture review has been corroborated by interviews with leading specialists in the fi eld 
(Chap.   7    ). 

 The use of continuous time series of global NDVI data, based on the NOAA 
AVHRR sensor, developed rapidly in the early 1990s. Since then, data processing 
and techniques for analyses of the data have improved signifi cantly. Developments 
in data quality screening, geometric correction, calibration between sensors, atmo-
spheric and solar zenith corrections, cloud screening, and data mosaicking have 
enabled the production of several databases of global NDVI data of high quality that 
are freely accessible over the Internet. The spatial resolution of these datasets ranges 
from coarse (8–1 km) to medium (250 m). 

 Even if there is no alternative to remotely sensed data for global- and continental- 
scale monitoring of vegetation dynamics, the technique is not without weaknesses. 
The report reviews the use of NDVI for a range of themes related to land degrada-
tion. Land-cover change, including deforestation, has been detected quantitatively 
even though the drivers are elusive (Sect.   3.1    ). Drought monitoring and early warn-
ing systems use NDVI data and have developed fully operational systems for data 
dissemination and analysis (Sect.   3.2    ). Desertifi cation processes at the global, con-
tinental, and subcontinental scale have been studied intensively in the last two 
decades; a key fi nding is that most of the world’s drylands show a trend of increas-
ing NDVI. Interpretation of the causes and implications of that greening trend is 
still a matter of discussion (Sect.   3.3    ). Soil erosion has been studied at national and 
sub-national level, primarily using NDVI derived from data of medium to high 
spatial resolution, such as MODIS at 250 m and Landsat at 30 m resolution (Sect. 
  3.4    ). Salinization of soils has been studied using a wide range of remotely sensed 
data; however, its detection and monitoring is more experimental than for other 
forms of land degradation (Sect.   3.5    ). Monitoring of vegetation burning is a fi eld 
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where NDVI has been widely used for three purposes: to assess the risk of fi re in 
terms of fi re-fuel load, detection and monitoring of fi re, and mapping burned areas, 
as well as monitoring vegetation recovery after fi re (Sect.   3.6    ). Soil carbon is an 
important indicator of land productivity that has been studied by means of NDVI 
(Sect.   3.7    ), both as a stand-alone measure and as input to ecosystem models. Studies 
have shown a high agreement between NDVI-based and ground-based estimates. 
NDVI has been used to facilitate mapping and monitoring of biodiversity loss, even 
though species composition cannot be assessed (Sect.   3.8    ). 

 Part of the Terms of Reference of the report was to assess the potential of NDVI 
for monitoring of agroecosystem resilience. Resilience is a concept with a broad 
range of defi nitions. In its original form, the ability to recover from disturbance or 
stress, ecosystem resilience can be assessed to a certain degree by combining NDVI 
with ancillary data, such as rainfall, often described as a hysteresis curve (Sect.   3.9    ). 

 Even if NDVI is by far the most commonly used vegetation index, other indices 
have been proposed and used for global-scale studies, such as two types of the 
Enhanced Vegetation Index (EVI). These indices are reviewed and compared with 
NDVI. The 3-band EVI is subject to certain technical problems, and the 2-band EVI 
is highly correlated with NDVI. Our conclusion that NDVI is the preferred index 
for operational monitoring is thus strengthened by the comparison (Sect.   2.3    ). 

 Interpretation of trends and patterns of NDVI data cannot automatically be inter-
preted in terms of land degradation and improvement. The report highlights a num-
ber of issues that must be considered for operational use of NDVI for land 
degradation monitoring (Chap.   4    ). 

 It is sometimes asserted that NDVI becomes saturated for dense vegetation (leaf 
area index >1). This is incorrect. The reason for the asymptotic relationship between 
NDVI and LAI is because all visible photons are absorbed at high LAI. In fact this 
confi rms that NDVI represents photosynthetic capacity and primary production 
rather than LAI (Chap.   4    ). 

 Distinction between land degradation/improvement and the effects of climate 
variation is an important and contentious issue. There is no simple and straightfor-
ward way to disentangle these two effects. Rain-use effi ciency (RUE), calculated by 
dividing NDVI by rainfall, is sometimes used to separate human action from natural 
variation. Even if theoretically sound, there are both technical and scientifi c prob-
lems with this approach. The technical problems are related to the mismatch of scale 
between climate data (most often point based) and NDVI (spatially continuous). 
Spatial interpolation of point observations is highly problematic, at least for short 
time periods. The scientifi c problems are concerned with the contextual relationship 
between vegetation and rainfall. The following rule of thumb may be applied: where 
vegetation dynamics are strongly driven by rainfall, i.e., in drylands, declining RUE 
is correlated with land degradation. In humid areas, where vegetation is not as 
strongly driven by variations in rainfall, NDVI in itself is strongly correlated with 
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vegetation dynamics and may be taken as a proxy for land degradation and improve-
ment provided that potential false alarms are accounted for (Chap.   4    , Sect.   5.2    ). 

 The accessibility and reliability of datasets is crucial for operational monitoring. 
The report reviews 14 of the most important datasets of NDVI and six climate data-
bases that potentially can be used in combination with NDVI data. The most widely 
used, and also the most rigorously tested dataset is the GIMMS (Global Inventory 
for Mapping and Modeling Studies) and its most recent version the GIMMS3g. It 
comprises continuous data coverage from August 1981 to the present at 15-day 
intervals. It is the only dataset that is continuously updated with new data. The 
GIMMS3g is accessible free of charge over the Internet. Since 2000, NDVI data are 
available from both AVHRR (at 8-km resolution) and MODIS (1000–250-m resolu-
tion). Normally they are highly correlated, but we recommend the use of MODIS 
data as the benchmark (Chap.   8    ). 

 For monitoring at national, subnational, and project levels, the report recom-
mends the use of nested approaches in which coarse-resolution data, such as 
AVHRR NDVI at 8-km resolution, are combined with other remotely sensed data 
that offer higher spatial resolution ranging from 0.5 to 250 m and better spectral and 
radiometric resolution. These data, calibrated against the long-term but coarse- 
resolution AHVRR database, can be used to elucidate reasons for changes in the 
coarse-resolution NDVI signal (such as forest destruction or other land-use change, 
habitat fragmentation, or soil erosion) and for national, subnational reporting, and 
project monitoring (Chap.   9    ). 

 A combined approach—analyzing spatial patterns and temporal trends in the 
coarse-resolution imagery, zooming in for greater detail using fi ne-resolution NDVI 
supplemented by systematic information on climate, terrain and land cover, and 
spot checks with very high-resolution commercial satellite imagery—can contrib-
ute to the assessment of agroecosystem resilience. Targeted research is needed to 
establish exact procedures for such applications (Chap.   9    ). 

 Although NDVI data are easily accessible and free of charge, successful moni-
toring of land degradation requires adequate technical, institutional, and skilled 
human resources. Such capacity, however, can probably be built effectively at exist-
ing regional and/or national centers (Chap.   10    ). With such capacity, NDVI can be 
used for cost-effective and reliable national reporting on several of the UNCCD 
core indicators (Sect.   11.1    ) and potentially also as input to a revised GEF resource 
allocation method, at least after some further testing on real data (Sect.   11.2    ). 

 To conclude, a substantial body of peer-reviewed research lends unequivocal 
support for the use of coarse-resolution time series of NDVI data for studying veg-
etation dynamics at global, continental, and subcontinental levels. There is compel-
ling evidence that these data are highly correlated with biophysically meaningful 
vegetation characteristics such as photosynthetic capacity and primary production 
that are closely related to land degradation and to agroecosystem resilience. The 
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GIMMS3g dataset that now contains continuous data coverage since August 1981 
is the most reliable, used, and cited database as well as the only database that is up 
to date, free of charge, and will be continued for the foreseeable future.  
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