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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
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Desertification intro:

e The UN Conference on Desertification (1977)

e The Rio Conference (1992) and the 'UN Convention to
Combat Desertification’ (1994/96)

e UNEP/NASA/World Bank (1998): "Desertification and land
degradation result from poor land management, which can
be exacerbated by climatic variations”
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Climate change or human mismanagement ?

The standard view...
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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,;

(i) deterioration of the physical, chemical and biological or
economic properties of soil; and

(iif) long-term loss of natural vegetation;
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2004
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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 .

Aridity zones (UNEP)

2005
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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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“Desertification; what can we learn from time

series of Earth Observation data?”
EO-based indicators: ]
Trends in biological productivity: NPP: kg/ha The AVHRR archive

NDVI Global Inventory Monitoring
- fAPAR and Modeling System
] (GIMMS) project

- LA .
_ GPP — 30 years and counting

- NPP...

SPOT VGT |
MODIS
MERIS

Shorter time series —
improved spatial resolution

_ 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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Figure 3: GIMMS3g NDVI linear trend 19822010 based on (A) annually inte-
grated NDVI and (B) growing season NDVI integral estimated from TIMESAT pa-
rameterization.
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Separating the impact from
persistent and recurrent vegetation
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EO productivity indicators
Greening <4mm 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, CO,, antropogenic)?

- Whats behind this greening (changes in LUCC, biodiversity/"green
deserts”)?

- The impact from "scale of observations”




UNIVERSITY OF COPENHAGEN Department of Geosciences and Natural Resource Management

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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SNDVI (Gimms 15-day data)
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Rain Use effficience - temporal interpretation
- For mathematical reasons; RUE should be used with caution when substituting

NPP by NDVI (..... the assumption about a constant RUE ratio)
A trend can be caused by a shift in rainfall
14 - RUE - RUE doesn’t normalise for rainfall changes
A shift in rainfall regime from (GIMMS =NDVI) .
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Rain Use effficience - spatial interpretation

Remote Sensing Jor Science, Edhication, Rainer Eeuter (Editor)
and Netvirel and Culfiral Heritnge EARSeL, 2010

Integrating MODIS-EVI and Gridded Rainfall/temperature
Fields for Assessing Land Degradation Dynamics
in Horqin Sandy Lands, Inner Mongolia (China)
Joachim HILL™', Claudia DACH®, Gabriel DEL BARRIO®, Marion STELLMES®,
UIf HELLDEN®, and WANG Changyao®
SEnvironmental Remote Sensing, University of Trier, Germany
bCSIC, Estacion Experimental de Zonas Aridas, Almeria, Spain

¢ Department of Fhysical Geography and Ecosystems Analysis, Lund University, Sweden
Chinese Academy of Sciences, Mstitute for Remote Sensing Applications, Beijing, China

Challenges: impacts from
- spatial variability in soil type
- spatial variablility in slope (run on/off
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=~ Local NPP Scaling (LNS)

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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iNDVI

- The residual NDVI trend approach (RESTREND)

Per-pixel residual NDVI is estimated from differences

between the observed and predicted NDVI

14

Per-pixel relation

0 100 200 300 400 500 600 700 800 900 1000

Rainfall (mm/year)

RUE based on Residual NDVI
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Wessels et al.,

Can human-induced land degradation
be distinguished from the effects

of rainfall variability?

Journal of Arid Environments,

68, (2007) 271-297.

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
2NDVI by 20% or more, as the 2NDVI-rainfall relationship breaks down as
a result of degradation, i.e. reductions in ZNDVI.

Unless a confirmed non-degraded reference period is available to establish
the expected 2NDVI-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
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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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SPOT-VGT

Time series — data quality?

BFAST
Breaks For Additive Season and Trend

Tian, F.,
Submitted (RSE)
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Ground validation...

1984-2011

1994-2011
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Scale of analysis
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Scale of analysis

Area of pastofalism

Area of farming
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Scale of analysis
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Fig. 1. Location of the Bani catchment.

Landsat scale analysis

for LUCC
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Fig. 4. Landsat NDVI values for the three dominant land cover types in the Bani
catchment (crops, savanna and forest). (a) Seasonal variation in the Sahelian region
(2002). (b) Comparison of the mean NDVI (June-October) in the three eco-climatic
Zones.

During 1985-2000; cropped land
increased from 13% to 23% of
the Bani catchment
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Scale of analysis

Changes in Land use/cover (LUCC)
Importantant implications for understanding of:

- Changes in economic productivity

- Changes in biodiversity

1975
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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??

Department of Geosciences and Natural Resource Management
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Scale of analysis Brandt, M. et al.,

Combining EO/ground observation Submitted (PNAS)
for improved understanding
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“Desertification; what can we learn from
time series of Earth Observation data?”

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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How to explain the greening trend of Sahel

- Teleconnections?

Influence on the Sahel rainfall

MAD Index (Dec-Mar) 1864-2003
NSNS ST EEEE NN NS S SN -

-8B T T T T T T T T T T T T T T
1860 1870 1880 1E90 1900 191D 18920 1930 1940 1950 1960 1970 1980 1990 2000

Year




UNIVERSITY OF COPENHAGEN Department of Geosciences and Natural Resource Management

Gerrglationbsiween§e lgzeamalis andrgimprsP\djanomalies
fortheclahehderSeptember)
.ﬁq il ik .

|

. Y
," \\ P ~
1 / P \
\~_—’/ /’ 1

/7
J (\ /’,
March-May Jan-March
1 |
r value
1 I N -
|

Not significant (p=0.05)




UNIVERSITY OF COPENHAGEN Department of Geosciences and Natural Resource Management

How to explain the greening trend of Sahel...
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How to explain the greening trend global drylands
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Summing up...

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

Vegetation trends (30 years)

Department of Geosciences and Natural Resource Management

Time
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Vegetation dependency on ocean temperatures (30 years)
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Vegetation dependency on rainfall (30 years)
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Summing up...

MuLti-MopEL AVERAGES AND AsSESSED RANGES FOR SURFACE WARMING P r e d i Ct i O n S fo r

wl=mn L global drylands???
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GIMMS3g VIP3 Tian, F.,
Averaged NDVI data —— Seasonal component —— Trend component WOI'k n progreSS

Time series — data quality?

BFAST
Breaks For Additive Season and Trend
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AVHRR LTDR 4 - Eric Vermote or Sadashiva Devadiga
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