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“Desertification; what can we learn from time 
series of Earth Observation data?” 

Outline: 

• Intro and definitions of desertification 
 

• EO-based Indicators of degradation 
 

• Understanding drivers 
 

• The importance of spatial scale 
 

• Conclusions and recommendations 
 
  
 



 
• The UN Conference on Desertification (1977) 

 
• The Rio Conference (1992) and the ’UN Convention to 

Combat Desertification’ (1994/96) 
 

• UNEP/NASA/World Bank (1998): ”Desertification and land 
degradation result from poor land management, which can 
be exacerbated by climatic variations”  

 

Desertification intro: 
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The standard view… 
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Climate change or human mismanagement ? 



The concepts of desertification and land degradation 

The UNCCD text: 
“Desertification" means land degradation in arid, semi-arid and 

dry sub-humid areas resulting from various factors, including 
climatic variations and human activities  

 
“Land degradation" means reduction or loss of the biological or 

economic productivity and complexity of rainfed cropland, 
irrigated cropland, or range, pasture, forest and woodlands 
resulting from land uses or from a process or combination of 
processes, including processes arising from human activities 
and habitation patterns, such as:  

 (i) soil erosion caused by wind and/or water;  
 (ii) deterioration of the physical, chemical and biological or 

 economic properties of soil; and  
 (iii) long-term loss of natural vegetation;  
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2004 
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Aridity zones (UNEP) 

2005 
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Millennium Ecosystem Assessment  
- Desertification synthesis (2005):  
 
• 10–20% of drylands already degraded (high uncertainty exists).  
 
• Need for scientifically robust methods to identify regions and 
extent . 
 



Land degradation:  
Problems of operationalizing the definition 

 
1. Land Degradation may be the result of many different 

processes, not necessarily operating in parallel 
 

2. Possible indicators of Land Degradation 
1. Biological productivity: NPP: kg/ha, J/ha 
2. Economic productivity: USD/ha 
3. Complexity: Measures of species diversity 

 
3. What time-scales and spatial scales should be considered ? 
 

Needed: 
 

-    Improved methods for monitoring the global dryland carbon cycle  
and land degradation  including a better understanding of the drivers of changes.   

 
- Clarification on what part/kind of the degradation (definition) is being  monitored 
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Global Inventory Monitoring  
and Modeling System  
(GIMMS) project  
– 30 years and counting  

The AVHRR archive 

“Desertification; what can we learn from time 
series of Earth Observation data?” 

SPOT VGT  
MODIS 
MERIS 
Shorter time series –  
improved spatial resolution 
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EO-based indicators: 
Trends in biological productivity: NPP: kg/ha  
 
- NDVI 
- fAPAR 
- LAI 
- GPP 
- NPP… 

Trend analysis/ 
Epoch changes 
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Water temperature 

radiation 
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Refining the indicators…  
NDVI time series parameterization 
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Separating the impact from  
persistent and recurrent vegetation 
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Greening   desertification/land degradation ? 
 
Why discrepancy between global EO/field based assessment? 
Can we have degradation despite ongoing greening? 
 
We need to know more about  
- The drivers (changes in precipitation, temperature, CO2, antropogenic)? 
- Whats behind this greening (changes in LUCC, biodiversity/”green 

deserts”)? 
- The impact from ”scale of observations” 

EO productivity indicators 



How to explain the greening trend global drylands 
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Land degradation – normalizing for rainfall variability 
Higher order indicators: 
 
Rain Use Efficiency (standing biomass produced per mm rainfall) 
 
- In the absence of degradation temporal trends in RUE is assumed 
constant for semi-arid areas 
 
- A decrease in RUE over time indicates ongoing land degradation not 

caused by rainfall (anthropogenic influence) 
 

- A decrease in RUE over space indicates ongoing land degradation 
not caused by rainfall (anthropogenic influence) if normalised for 
climate (different Et regimes) 
 

NOTE - for biophysical reasons RUE should be constrained to water 
limitated environments – otherwise the assumption of constant RUE for 
varying rainfall breaks down 
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 - For mathematical reasons; RUE should be used with caution when substituting 
NPP by NDVI (..... the assumption about a constant RUE ratio) 

(Offset corrected)        
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RUE  
(GIMMS ΣNDVI) 

RUE NPP 
(starts at 100 
mm/year) 

A shift in rainfall regime from  
350 to 700 mm causes a change  
in RUE due to NDVI offset 

 A trend can be caused by a shift in rainfall 
 RUE doesn’t normalise for rainfall changes 

Fensholt & Rasmussen,  
Analysis of trends in the Sahelian 'rain-use efficiency'  
RSE ,115(2), (2011) 438-451.  
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Rain Use effficience  - temporal interpretation 

Linearity  
But no proportionality !! 
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Challenges: impacts from 
- spatial variability in soil type 
- spatial variablility in slope (run on/off 

Rain Use effficience  - spatial interpretation 



Local NPP Scaling (LNS) of Zimbabwe using the ZSOL soils map and precipitation (ZSOL–PPT) land 
capability classification.  
 
Communal and Commercial area boundaries shown in black.  
 
Inset, higher resolution segment showing communal area degradation (top left) and commercial area 
degradation (lower right)... 
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≈ Local NPP Scaling (LNS) 



 
  The residual NDVI trend approach (RESTREND) 
 
Per-pixel residual NDVI is estimated from differences  
between the observed and predicted NDVI 

Wessels et al., 
Can human-induced land degradation  
be distinguished from the effects  
of rainfall variability? 
Journal of Arid Environments,  
68, (2007) 271–297. 
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Per-pixel relation 

 A trend cannot be caused by a shift in rainfall 
 RUE normalises for rainfall changes 
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Requires strong per-pixel linear correlation 
 
- tends to disappear for an area exposed to 
to land degradation 
  
 trend estimates become uncertain for 
degraded areas  
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“The RESTREND method became unreliable when degradation reduces 
ΣNDVI by 20% or more, as the ΣNDVI–rainfall relationship breaks down as 
a result of degradation, i.e. reductions in ΣNDVI. 
 
Unless a confirmed non-degraded reference period is available to establish 
the expected ΣNDVI–rainfall relationship for an area, the RESTREND 
method will suffer from this inherent limitation.  
 
Correcting for rainfall trends and variability therefore remains one of the 
biggest challenges when monitoring land degradation”. 

Assumptions of linearity/proportionallity between rainfall and productivity  
(constant RUE for varying rainfall)  
 breaks down when introducing degradation in a time series 



Refining the (Higher order?) indicators…  
breaks in time series 

BFAST 
Breaks For Additive Season and Trend 
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Greening 

browning 
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Horion, S.,  
work in progress 
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Tian, F.,  
Submitted  (RSE) 

Time series – data quality? 
BFAST 
Breaks For Additive Season and Trend 



Ground validation… 

1984-2011 

1994-2011 
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Scale of analysis 
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Scale of analysis 

Area of pastoralism 

Area of farming 



During 1985–2000; cropped land 
increased from 13% to 23% of  
the Bani catchment  
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Scale of analysis Landsat scale analysis  
for LUCC 



1975 
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Changes in Land use/cover (LUCC) 
Importantant implications for understanding of: 
  
- Changes in economic productivity 

 
- Changes in biodiversity 

Scale of analysis 



Combining EO/ground observation 
for improved understanding 
 
Increase in biomass (kg/ha) 
but decrease in biodiversity  
known as ”green deserts”  

 
Land degradation?? 
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Scale of analysis 



Brandt, M. et al.,  
Submitted (PNAS) 
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Combining EO/ground observation 
for improved understanding 

Scale of analysis 



Conclusions & recommendations: 
 
• Trend/Epoch based analysis of vegetation productivity indicators works well 

 - no signs of widespread global ongoing land degradation (kg/ha) 
 

• Importance of spatial scale of analysis  
 - complementary EO/ground observation –data need for in-depth  
   understanding of the drivers of observed changes 

 
• Be careful how to use and interpret higher order indicators of land degradation 
 
• Contrasting empirical evidence of land degradation could be reduced if  
 - more explicit reference to (which part of) the UNCCD definition is applied  
 - spatial and temporal scale of observations are explicitly considered    
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“Desertification; what can we learn from 
time series of Earth Observation data?” 
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ERC April 17 - Fenshlot 



How to explain the greening trend of Sahel 
 - Teleconnections? 

Influence on the Sahel rainfall 
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Correlation between SST anomalies and gimms NDVI anomalies  
for the Sahel (July-September) 

r value                                    

Not significant (p≥0.05)                                                      r2 value                     

Correlations from partial correlation analysis of JAS NDVI anomalies and 
the SST indices extracted from the Atlantic (MAM) and Pacific (JFM) 

March-May Jan-March 

How to explain the greening trend of Sahel 
 - Teleconnections? 
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How to explain the greening trend of Sahel… 

Process-based vegetation model vs. Satellite based 
LPJ-Dynamic Global Vegetation Model & GIMMS NDVI) 
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How to explain the greening trend global drylands 
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Vegetation trends (30 years) 

Vegetation dependency on rainfall (30 years) 

Vegetation dependency on ocean temperatures (30 years) 

High: 1 

Low: -1 

Improved understanding  
of dryland dynamics: 
 
what's causing changes  
in vegetation productivity  
& land degradation?  

Land Use Cover/Change – ”hot spot” analysis  
Cultivated 2010 
Cultivated 1981 
Cultivated 1981 & 2010 

 
 

Coupled  
satellite  

&  
DGVM 

 

Summing up… 
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Predictions for  
global drylands??? 
 
strategies for  
climate adaptation  
and mitigation 

 
 

Improved 
 

DGVM 

 

Summing up… 
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VIP3 

Time series – data quality? 
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BFAST 
Breaks For Additive Season and Trend 

Tian, F.,  
work in progress 



AVHRR LTDR 4  - Eric Vermote or Sadashiva Devadiga 
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