Appendix A

Inventory of Some Global

and Sub-global Remote Sensing-Based
Land Degradation Assessments

Land degradation
Scale domain Time range | Data Main findings

Senegal | Land-cover change 1982-2008 | GIMMS Interpreting satellite-derived
and human greening as an improvement
well-being of environmental conditions

that may translate into more
stable livelihoods and
greater well-being of
populations in the area may
not always be justified
(Herrmann et al. 2014)

Mali Ecosystem resilience | 1984-2010 | GIMMS-3g | There is a divergence of two
in relation to ANPP, key indicators of ecosystem
RUE, and ANPP resilience: a stable RUE

and increasing run-off
coefficient, condition
termed “the second Sahelian
paradox” (Dardel et al.
2014)

Amazon | Land-cover change 2000-2012 | MODIS The Amazon forest has
and global declined across an area of
environmental 5.4 million km? since 2000
implications as a result of reductions in

rainfall. If drying continues
in this region, global
climate change may be
accelerated through
associated feedbacks in
carbon and hydrological
cycles (Hilker et al. 2014)

(continued)
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(continued)

Scale
Italy

Senegal

China

World

West
Africa

World

Appendix A Inventory of Some Global and Sub-global Remote...

Land degradation
domain

Land-use and
land-cover change

Land-use, land-cover

change and
environmental
conditions

Soil organic carbon
and salinization

Trends and drivers
of greenness
in semiarid areas

Soil erosion and land
productivity

Vegetation greening
and browning trends

Time range
1984-2010

1982-2008

2011

1981-2007

1982-2003

1981-2006

Data
Landsat TM

AVHRR

Landsat TM

GIMMS-g

GIMMS

GIMMS

Main findings

Total regional forest cover
increased by 19.7 %,
consistent with National
Forest Inventory data.
Considerable forest
expansion also occurred
on degraded soils in
drought-prone
Mediterranean areas
(Mancino et al. 2014)

The interpretation of
satellite-derived greening
trend as an improvement

or recovery is not always
justified. For instance, the
composition of the
vegetation cover may show
impoverishment even in the
greening areas (Herrmann
and Tappan 2013)

Significant decrease in soil
organic C and total N
contents were observed with
increasing salinity. Soil
organic C and total N
contents had significant
positive correlations with
the NDVI (Pan et al. 2013)

Current generalizations
claiming that land
degradation is ongoing in
semiarid areas worldwide
are not supported by the
satellite-based analysis of
vegetation greenness
(Fensholt et al. 2012)
Multipronged assessment
strategies offers better
insights into different
processes involved in land
degradation (Le et al. 2012)
Models confirm prominent
regional greening trends
identified by previous
studies (de Jong et al.
2011a, b, c)

(continued)
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(continued)

Scale

South
Africa

USA

China

Land degradation

domain Time range
Biodiversity 1995-2006
monitoring and

conservation

Biodiversity 2005
monitoring and

conservation

Desertification and 1980, 1990,

land surface conditions | and 2000

Zimbabwe| Land-use, land-cover | 2000-2005
change and degradation
Sahel Desertification and 1982-1999

drought—changing
trends

Data
GIMMS

MODIS

Landsat MSS
and TM/
ETM+

MODIS

PAL

65

Main findings

Change in productivity
driven by rainfall as well

as that caused by elephant
populations has
ramifications for biodiversity
and also impacts on
biodiversity (Hayward and
Zawadzka 2010)

There is a significant positive
correlation between species
compositional dissimilarity
matrices and NDVI distance
matrices. Remotely sensed
NDVI can be a viable tool
for monitoring species
compositional changes at
regional scales (He et al.
2009)

Human activities might
explain the expansion of
desertification from 1980
to 1990. Conservation
activities were the main
driving factor that induced
the reversion of
desertification from 1990
to 2000 (Xu et al. 2009)

About 16 % of the country
was at its potential
production. Total loss in
productivity due to land
degradation stood at about
13 % of the entire national
potential. Most of the
degradation was caused by
human land use,
concentrated in the heavily
utilized, communal areas
(Prince et al. 2009)

A consistent trend

of increasing vegetation
greenness may be attributed
to increasing rainfall, but
also to factors

such as land-use change
and migration (Olsson et al.
2005)

(continued)
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(continued)
Land degradation
Scale domain

Sahel Drought and
vegetation dynamics

South Ecosystem resilience
Africa and stability of
landscapes

Global Vegetation growth

and NPP

China Vegetation dynamics
and variations
in NPP

Spain Vegetation burning

and recovery

Time range
1981-2003

1985-2003

1982-1999

1981-2000

1994

Data
AVHRR

AVHRR

PAL/GIMMS

AVHRR

Landsat TM
and MSS

Main findings

The current trends

of recovery in the Sahel
are still far below the wetter
conditions that prevailed
in the region from 1930
to 1965. Current trend
patterns therefore only
reflect a gradual recovery
from extreme drought
conditions that peaked
during the 1983-1985
period (Anyamba and
Tucker 2005)

While degraded areas were
no less stable or resilient
than non-degraded area,

the productivity of degraded
areas, per unit rainfall,

was consistently lower than
non-degraded areas.
Degradation impacts tend
to be reflected as reductions
in productivity that varies
along a scale from slight to
severe (Wessels et al. 2004)

Global changes in climate
have reduced several critical
climatic constraints to plant
growth, leading to a 6 %
increase in global NPP
(Nemani et al. 2003)

Increase in NPP of about
0.3 % per year and decrease
in net ecosystem
productivity between the
1980s and 1990s due to
global warming (Cao et al.
2003)

There are different patterns
of postfire recovery based
on dominant plant species,
severity of burn, and a
combination of both factors
(Diaz-Delgado et al. 2003)



Appendix B

Use of Remote Sensing-Derived Land
Productive Capacity Dynamics for the New
World Atlas of Desertification (WAD)

Courtesy of Michael Cherlet, Hrvoje Kutnjak, Marek Smid, and Stefan Sommer of
the European Commission, Joint Research Centre, Ispra, Italy; and Eva Ivits, Eva of
the European Environment Agency, Copenhagen, Denmark

Background and Rationale

The European Commission’s Joint Research Centre of the (JRC), together with
UNERP and supported by a global network of international research institutions and
experts, is developing the new World Atlas of Desertification (WAD).

Monitoring and assessing land degradation dynamics involves extracting the
most relevant information from time series of global satellite observations. The
dynamics of the Earth’s standing vegetation biomass is considered a valid approxi-
mation of land system productive capacity dynamics thus, also reflecting the under-
lying ecological conditions and possible constraints for primary productivity, such
as soil fertility, water availability, land use/management, etc., and hence related to
land degradation. In fact, reduction or loss of land productive capacity, mostly bio-
logical and/or economical, is one common denominator in the various definitions of
land degradation.

The longest available satellite observation datasets with global coverage at 1-km
resolution, from, e.g., the SPOT VGT sensor, have a continuous frequent temporal
sampling over a long enough period, now 15 years, to allow extraction of proxy
information on the phenology and seasonal productivity for each 1-km? area on
Earth. Even longer continuous time series, more than 30 years, are available through
the GIMMS NDVI product, dating back as far as to 1981. However, its spatial reso-
lution is only 8 X 8 km, which may well be suitable for the analysis of broader land-
atmosphere interaction but which has limitations for monitoring and assessing the
human-ecosystem interactions at landscape level. These operate and function typi-
cally at smaller scales than can be depicted at the spatial resolution of GIMMS.
Nevertheless, the length of this NDVI time series raises interest in ways to combine
it with higher-resolution products for enhanced analysis.
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Methodology for Time Series Processing and Analyses

Building on numerous studies that use time series of remotely sensed vegetation
indices (e.g., NDVI, Fapar) as base layer, we expand this set of variables by calcu-
lating phenological metrics from time series of the vegetation index. Disaggegation
of the original time series into phenological metrics yields additional information
on various aspects of vegetation/land-cover functional composition in relation to
dynamics of ecosystem functioning and land use (Ivits et al. 2012a). This can pro-
vide a quantitative basis to monitor such information on ecosystem dynamic equi-
librium and change, envisaged to provide users with an independent measure on
how ecosystems respond to external impacts, be it human induced or natural vari-
ability (Ivits et al. 2012b).

The resulting remote sensing-derived spatial layers are then combined with
ancillary biophysical and socioeconomic information in order to flag areas that
show signals of actual land degradation. This includes attributions to different lev-
els of intensity and probability of major causes, which will include major land deg-
radation/desertification issues and the associated land-use transitions considered in
the WAD. They are summarized below (Sommer et al. 2011):

1. Overuse of agricultural land, intensification, inappropriate agricultural practices/
non-SLM, and increased soil erosion

2. Increase in intensive irrigation, overuse of water resources, and salinization

3. Grazing mismanagement, overgrazing, and decreasing NPP in rangelands, soil
degradation, and sand encroachment

4. Deforestation

5. Increased aridity or drought

6. Socioeconomic issues, changes in population distribution and density, rural
migration/land abandonment, and urban sprawl

7. Uncontrolled expansion of mining and industrial activities, extensive air and
water pollution, and soil contamination

Analysis of long-term changes and current efficiency levels of vegetative or
standing biomass are combined into land-productivity dynamics according to
Fig. B.1. According to this scheme, the evaluation proceeds as follows:

Analysis of long-term changes and current efficiency levels of vegetative stand-
ing biomass are combined into land productive capacity dynamics. Output from
both the long-term change maps and current status map was combined with start
levels at the beginning of the time series, with the state change of productivity, and
with a relative productivity map based on the principles of local net scaling approach
(Prince et al. 2009), relating all pixels within an ecosystem functional unit (Ivits
et al. 2012a) to the productivity of the best performing samples of that respective
unit.

This processing chain has been applied at global levels and results in five classes
indicating areas of negative change, positive change or stability of land productive
capacity dynamics (see Fig. B.2). The classes are interpreted as indicators of change



Appendix B Use of Remote Sensing-Derived Land Productive Capacity... 69

SPOT VGT NDVI
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Fig. B.1 Processing scheme for deriving land productive capacity dynamics from the remote
sensing time series (note that the approach was applied both to NOAA GIMMS 3G NDVI (Cherlet
et al. 2013) as indicated above and also to 15 years SPOT VEGETATION NDVI 1999)

©IRC, 2014 . 'I_.and system productive capacity dynamics (1999-2013)

Fig. B.2 Global map of land system productive capacity dynamics derived from SPOT
VEGETATION 15-year time series (1999-2013)
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or stability of the land’s apparent capacity to sustain its dynamic equilibrium of
primary productivity during the given observation period, which is now further ana-
lyzed in relation to available information on land-cover/land-use and environmental
change relevant to the issues listed in 1-7 above.

Preliminary Findings and Conclusions

This product should not be seen as a direct map of global land degradation, but as a
globally mapped indicator which should be further evaluated in an integrated inter-
pretation framework as proposed by the WAD or possibly also as outlined by the
UNCCD ad hoc expert group (AGTE) for the new set of progress indicators.

Therefore, the land system productive capacity data are now further analyzed
and evaluated in relation to available information on land-cover/land-use and envi-
ronmental change relevant to the issues listed in Table 1.

An example of potential agricultural overexploitation of land is given below for
Nigeria in Fig. B.3. Convergence of evidence is elaborated for interpreting the land
productive capacity in the light of identifying and mapping ongoing critical land-
use system transformations. Areas where the dynamics are decreasing are mostly
areas where a number of land stress factors are coinciding, potentially threatening
to a sustained use of the land. These are highlighted for further analysis. Stress

[ Jr—

Fig. B.3 Interpretation example in Nigeria: The Kainji reservoir in Nigeria enabled expansion of
agriculture in areas around the Dagida Game reserve (green area on the above map frame indicat-
ing a long-term stable land productive capacity). The map suggests that the capacity of the land to
sustain a stable land-productivity dynamic equilibrium is declining in those areas of irrigated agri-
culture expansion around the protected areas; this highlights for further analysis to identify coin-
ciding intensification and stresses
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factors can be natural, e.g., drought, or human induced such as overextraction of soil
nutrients by demanding irrigated crops as shown below.

A broader statistical analysis and evaluation is also underway but needs to be
carefully framed and integrated with the data and information provided within the
thematic WAD chapters.

Nevertheless, some general observations of observed trends and patterns, here
from the 15-year time series, appear coherent with other studies.

While excluding land areas with no significant vegetal primary productivity,
i.e., hyperarid, Arctic, and very-high altitude mountain regions from statistics, it is
evident that indications of decreasing land system productive capacity can be
observed globally. About 20 % of the land surface, involving all vegetation cover
types, are showing signs of decreasing land system productive capacity. Only
19.5 % of the considered vegetal productive land surface is cropland, of which
18.5 % show clearly decreasing trends or early signs, while for the rest of the non-
cropland, 19.8 % is affected (which however accounts for 80 % of the overall area
with declining land system productive capacity). Considering that strong efforts
and resources are committed to maintain the productivity of agricultural land and
the fact that there are clear limitations to further expansion of croplands, these
figures are an issue of concern. The huge seminatural and rangeland areas affected
(approx. 18 million sq. km), however, highlight the enormous dimension of the
critical dynamically changing ecological conditions worldwide.

The picture is much more complex when breaking down the statistics to conti-
nental, regional, and subregional levels. As mentioned before, when entering into
this necessary exercise, the increased use of additional thematic information for
setting up a more stratified analytical approach is strongly recommended, although
it is much-more time-consuming and cumbersome.

Nevertheless, when just looking at croplands at continental level, we notice sub-
stantial differences in the dimension/extension of potentially critical areas, which
will require careful consideration and more in-depth analysis.

In Africa, about 20.6 % of the considered land surface is cropped of which
21.7 % show signs of decreasing land productive capacity. The relative proportion
of concerned cropland is similar to that of seminatural rangelands. This is above the
global average but not extremely. In turn, surprisingly, South America with about
21.4 % cropland shows a much higher percentage of potentially affected croplands,
up to 31.9 %, also proportionally higher than for seminatural/rangelands areas
(25.84 %).

Europe is the continent with the relatively highest extension of croplands,
i.e., about 32 %, of which 15.75 % may be confronted with critical develop-
ments of land productive capacity, especially in the south of Eastern Europe
but also the Iberian Peninsula, which is proportionally higher than for other
land-cover/land-use types (10.3 %).

While human factors will need to be further analyzed at regional to subregional
level, first analyses at global level dealt with the correlation of some spots of
decreasing productive capacity in the shorter time-series product (i.e., 15 years,
from 1999 to 2013) against actual global drought monitoring data. These revealed
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strong correlations of areas in southern Africa (between Botswana, Namibia and
South Africa), northeastern Brazil, and Australia—Oceania with recent recurrent
droughts. In this respect, it will be also a clear issue in the WAD to analyze in more
in-depth the possible differences of dynamics between drylands and non-drylands.

Issues of uncertainty of remote sensing time-series-derived products as function
of length of the time-series, spatial, and spectral characteristics will also need to be
better addressed. It could be recommended that scientific groups developing moni-
toring products should join forces, for example, by addressing these issues in a kind
of ensemble analysis aiming at ways to take benefit from combinations of longer
time series and higher spatial detail, thus stimulating additional options and criteria
for generating new elements of convergence of evidence.



Appendix C
Developments with GLADA

Courtesy of Zhanguo Bai, ISRIC — World Soil Information, Wageningen, The
Netherlands

A Different View of the World

The original Global Assesment of Land Degradation (GLADA, Bai et al. 2008)
set out to answer questions about the global extent, severity and cost of land deg-
radation using GIMMS data for 1981-2003. In particular: Is land degradation a
global issue or just a collection of local problems? Which places are hardest hit?
Is it mainly a problem of drylands? Is it mainly associated with farming — or pov-
erty? The results were against received wisdom and, therefore, contested. A some-
what different picture is revealed by further analysis of the extended GIMMS3g
dataset for 1981-2011 (Fig. C.1). The differences are not just because of the lon-
ger run of data but because of changes in GIMMS data processing to better correct
for the periodic replacement of AVHRR sensors as one satellite replaced another,
especially AVHRR 2 to AVHRR 3 (Pinzon and Tucker 2014a, b). The original
calibration of the data from successive AVHRR instruments assumed stationarity,
i.e., that there was no underlying trend. We now know that NDVI exhibits com-
plex long-term trends. Reprocessing of the whole dataset has removed biases
introduced by the initial calibration and better reveals the underlying trends.
Changes like this in the fundamental data do nothing for credibility, but we are
confident that the fundamental data are now much improved — other datasets do
not have the advantage of these corrections.
We can now give straight answers to our original policy questions:

— Land degradation is a global issue with 22 % of the land degrading over the last
30 years, representing a loss of net primary production of some 150 million tons
of carbon but a loss of soil organic carbon orders of magnitude more.

— The areas hardest hit are Africa, especially south of the equator with an arm of
degradation extending north to the Ethiopian highlands and two outliers in the
Sahel—the Nile provinces of Sudan and Koulikoro Province, Mali; the Gran
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Fig. C.1 Global changes in greenness by annual sum NDVI, 1981-2011

Chaco, Pampas, and Patagonia; Southeast Asia; the grain belt from the Ukraine
eastwards through Russia to Kazakhstan; the Russian far east and northeast
China; and swaths of high-latitude forest.

— All kinds of land use are afflicted. Cropland comprises 13 % of the global land
area but makes up 15 % of the total degrading land; rangeland makes up 29 % of
the land but 42 % of degraded land; forest is also overrepresented, occupying
23 % of the land area but 37 % of the degrading area.

— Comparison of rural population density with land degradation shows no simple
pattern. Taking infant mortality and the percentage of young children who are
underweight as proxies for poverty, there is some correlation, but we need a more
rigorous analysis.

— Fourteen percent of the land surface has been improving over the period.

Changing Trends

The longer time series reveals significant changes in trend over the last 30 years.
Linear trend analysis is a blunt instrument, but using the Breaks for Additive
Seasonal and Trend (BFAST) algorithm to analyze changes of trend de Jong et al.
2011a found that most parts of the world have experienced periodic changes of
trend, even reversals. This is important for interpretation of longer-term trends
where diverging trends may balance out, for instance, in China where a significant
change in direction was identified around 1996. Figure C.2 illustrates persistent and
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China: changes in annual sum NDVI (GIMMS 3g) between 1981 and 1996 China: changes in annual sum NDVI (GIMMS 3g) between 1996 and 2011

MOV MM 35y

Fig. C.2 China with provincial boundaries: changes in annual sum NDVI 1981-1996 (a) and
19962011 (b)
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Fig. C.3 China: NDVI trends in five southern provinces 1981-2011

expanding degradation in Tibet and the southwestern provinces, a dramatic increase
in degradation across the northeast, and a loss of impetus in many intensively
farmed areas in spite of the increasing application of synthetic fertilizer from 7 mil-
lion tons in 1977 to more than 58 million tons in 2012. Over the period 1981-1996,
1.8 % of the country suffered degradation, but 17.5 % was improving (80.7 %
showed no significant change or was barren): between 1996 and 2011, 12.6 % of the
land was degrading and only 10 % showed improvement (77.4 % no change or
barren).



76 Appendix C Developments with GLADA

In more detail, trend analysis for the southern provinces of Guangdong, Guangxi,
Hunan, Jiangxi, and Fujian, which exhibit a general improvement over the last 30
years, shows cyclically declining NDVI at the beginning of the time series but a
reversal of the trends after about 1995 (Fig. C.3) which may be attributed to the
take-up of the Grain-for-Green initiative (Cao et al. 2009; Bai and Dent 2014).

Chinese researchers have also made use of the GIMMS NDVI database and the
GLADA methodology for several countrywide studies. In the process, some new
indices have been developed, such as the sensitivity index—the degree of reaction
of NDVI to rainfall change in specific rainfall regions was developed (see
Appendix D).

Making Allowance for Terrain, Soil, and Land Use

We might expect resilience against land degradation to depend on terrain, the kind
of soils, land use, and management. Bai and Dent (2014) used the SRTM digital
elevation model and ChinaSOTER at scale 1:1 million to assess the effects of soils
and terrain on land degradation and improvement. Figure C.4 depicts the relative
departure of each pixel from the trend of its SOTER unit, separating the impact of
soil and terrain from other factors and giving a picture of land degradation and

A sum NDVI residual based on SOTER Units/year (*10)
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Fig. C.4 Trends of NDVI residuals from SOTER units, 1981-2011
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improvement at the landscape scale—where most land-use and management deci-
sions are taken.

This analysis examines land degradation and improvement at the landscape
scale, where most land-use decisions are actually taken, and shows which parts of
every landscape are doing better and which are doing worse than the landscape as a
whole—so it is a pointer to specific places where remedial action may be needed.
Using this technique with finer-resolution data such as MODIS NDVI would be
useful for national-level reporting and for assessment of policy and project impacts
on the ground.

Analysis of land degradation in terms of land use and management is more problem-
atic because no two consecutive land-use surveys have used the same classification.
Our only recourse is to historical analysis of land use change making use of Landsat
imagery, e.g. Bai et al. (2010).






Appendix D
China’s Experiences on the Usefulness
of GLADA

Courtesy of Zhang Kebin, Beijing Forestry University, Key Authority implement-
ing LADA in China and the PRC-GEF Land Degradation Partnership.

Introduction

Based on the practice and experience of the LADA program, the choice of the
GLADA methodology as the standard method for global assessment of drylands is
a good decision. The bedrock of the GLADA approach is the use of NDVI as the
basic indicator, enabling consistency and comparability. Assessment methods for
land degradation at the national level (LADA-national) have adopted a layered
approach whereby a comprehensive analysis incorporating social information can
be conducted on various environments so as to broaden the perspective of people
when observing land degradation.

Rightly embracing the fundamentals of GLADA and the LADA-national
approach, GLADIS leads to the improvement and enhancement of GLADA. From
this point of view, GLADIS is applicable to and ready for the assessment on global
land degradation and, also, at the national level for countries with a large land area,
including China. Of course, at the national level, the remote sensing data should be
at an appropriate resolution.

Certainly, the methodology needs constant improvement so as to make the
assessment more realistic. For example, according to the GLADA assessment, since
the early 1980s, subsequent years have witnessed land degradation both in arid
areas and, also, increasing appearance of hot spots of degradation in more humid
areas. This is the case in China, but we cannot tell whether it is a coincidence or the
result of methodological problems.

NDVI is affected by various factors such as climate (rainfall), soil, kind of till-
age, and so on. Fluctuations in climate (especially those of rainfall) often lead to
fluctuations in NDVI. Especially in arid areas, a high sensitivity of vegetation to
rainfall always results in fluctuations of NDVI according to those of rainfall. In this
case, NDVI changes do not mean that the quality or long-lasting production poten-

© The Author(s) 2015 79
G.T. Yengoh et al., Use of the Normalized Difference Vegetation Index

(NDVI) to Assess Land Degradation at Multiple Scales, SpringerBriefs

in Environmental Science, DOI 10.1007/978-3-319-24112-8



80 Appendix D  China’s Experiences on the Usefulness of GLADA

tial of land has changed accordingly; that is to say, the land quality may exhibit no
degradation or improvement. So, if we rely solely on the change of NDVI as an
indicator of land degradation, such judgment possibly may draw out wrong assess-
ment conclusions. So to eliminate the interference of rainfall fluctuations, GLADA
employs the concept of RUE.

When testing the GLADA assessment against China’s actual situation and an anal-
ysis of the impact of rainfall on NDVI, it is found that the actual situation is compli-
cated; rainfall has a great impact on NDVI, but this impact is not homogeneous —it
reduces gradually as rainfall increases. In fact, with rainfall reaching a certain level,
the impact of increasing rainfall on NDVI gradually weakens until, in the humid area
with abundant rainfall, the impact of fluctuation of rainfall on the change in NDVI
becomes very small, even negligible. If RUE is still used as an indicator of land deg-
radation in these humid areas, then we are not certain that it is appropriate. [Editor’s
comment: There appears to be some misunderstanding here. GLADA uses RUE to
mask drought effects only in those areas where there is a direct correlation between
NDVI and rainfall —essentially this applies to drylands. In humid areas (and irrigated
areas), NDVI is used unmodified as a proxy for biological productivity.]

For this consideration, combining with the actual situation in China, and through
an analysis of the relation between NDVI and rainfall, we have tried to determine
the quantitative impact of rainfall on NDVI under different rainfall conditions (i.e.,
different regions), so as to use different corrective factors for different areas accord-
ing to actual rainfall when eliminating the impact of rainfall on NDVI, so that it is
more scientific to use NDVI as an assessment indicator for land degradation and
also to supplement the GLADA method.

Data

GIMMS-8 km-NDVI data: The Chinese team used the GIMMS 2g dataset of NOAA-
AVHRR NDVI 15-day synthesized data from July 1981 to September 2006 (a total
of 26 years). The average value of the two fortnightly data points was taken as a
monthly value, and the annual accumulated NDVI value is the sum of 12 monthly
values. Data resolution is 8 km.

Rainfall data: The rainfall data come from the China National Meteorological
Information Center which stores and shares historical and real-time meteorological
data; all data passing a quality test are recompiled. The rainfall data used in this
study comprised 26 years measured data from 707 meteorological stations in main-
land China from 1981 to 2006, matching the time period of NDVI data.
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The Relation Between NDVI and Rainfall

Figure D.1 shows the relationship between annual sum NDVI and annual rainfall
observed from 707 meteorological stations in China from 1981 to 2006:

* There is a close relation between NDVI and rainfall.

* The relation between NDVI and rainfall is not homogeneous but nonetheless
direct.

* In areas with low rainfall, the rainfall has the strongest impact on NDVI and the
data are tightly aligned around the best-fitted curve. With increasing rainfall, the
impact of rainfall on NDVI falls away and the correlation also gradually
weakens.

Definition and calculation of the Sensitivity Index: In order to express this close
relation between NDVI and rainfall, we have derived a sensitivity index of NDVI to
rainfall (Nj) (in short, Sensitivity Index). The Chinese team also defined the sensi-
tivity index as the rate of NDVI change with rainfall change by sensitivity index of
NDVI to rainfall in the following mathematical expression:

y _ 0:0424-0.01313xlog, NR, ~0.01176x log}, NR,
‘ NR, xIn10

10

NV @

b

" |
annual rainfall (mm) 2000

a 1000 3000

Fig. D.1 Best-fit curve between NDVI accumulated value and annual rainfall
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The Sensitivity Index quantitatively reveals the rate of change of NDVI with the
change of rainfall under any rainfall conditions. More importantly, the Sensitive
Index may be used as the parameter for eliminating the impact of rainfall on NDVI
in the assessment of land degradation.

Future Studies

More studies should be carried out on the relationship of NDVI and rainfall.



Appendix E
Main Features of Image Products

from the Different Sensors

Products (sensors)
Landsat TM

Landsat ETM+
(Landsat 7)

SPOT

MODIS

© The Author(s) 2015

Features

Medium to coarse spatial resolution with
multispectral data (120 m for thermal
infrared band and 30 m for multispectral
bands) from Landsat 4 and 5 (1982

to present). Each scene covers an area

of 185x 185 km. Temporal resolution

is 16 days

Medium to coarse spatial resolution with
multispectral data (15 m for panchromatic
band, 60 m for thermal infrared, and 30 m for
multispectral bands) (1999 to present). Each
scene covers an area of 185 kmx 185 km.
Temporal resolution is 16 days

A full range of medium spatial resolutions
from 20 m down to 2.5 m and SPOT VGT
with coarse spatial resolution of 1 km.
Each scene covers 60 x 60 km for HRV/
HRVIR/HRG and 1000 x 1000 km (or
2000 x 2000 km) for VGT. SPOT 1, 2, 3,
4, and 5 were launched in 1986, 1990,
1993, 1998, and 2002, respectively. SPOT
1 and 3 are not providing data now
Coarse spatial resolution (250—-1000 m)
and multispectral data from the Terra
Satellite (2000 to present) and Aqua
Satellite (2002 to present). Revisit interval
is 1-2 days. The swath is 2330 km (cross
track) by 10 km (along track at nadir)

Vegetation mapping
applications
Regional-scale mapping,
usually capable of mapping
vegetation at community
level

Regional-scale mapping,
usually capable of mapping
vegetation at community
level, some dominant
species can possibly be
discriminated

Regional scale, usually
capable of mapping
vegetation at community
level or species level,
global-/national-/regional-
scale (from VGT) mapping
land-cover types (i.e., urban
area, classes of vegetation,
water area, etc.)

Mapping at global,
continental, or national
scale. Suitable for
vegetation mapping at a
coarse scale and land-cover
types (urban area, classes of
vegetation, water area, etc.)

(continued)
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(continued)

Products (sensors)
AVHRR

IKONOS

QuickBird

ASTER

AVIRIS

Hyperion

Appendix E  Main Features of Image Products from the Different Sensors

Features

1-km GSD with multispectral data
from the NOAA satellite series (1980
to present). The approximate scene
size is 2400 x 6400 km

High-resolution imagery

at 1-m (panchromatic) and 4-m
(multispectral bands, including red,
green, blue, and near-infrared) resolution.
The revisit rate is 3-5 days (off-nadir).
The single scene is 11 x11 km

High-resolution (2.4-0.6 m) panchromatic
and multispectral imagery from a
constellation of spacecraft. Single scene
area is 16.5x16.5 km. Revisit frequency
is around 1-3.5 days depending on
latitude

Medium spatial resolution (15-90 m) with
14 spectral bands from the Terra Satellite
(2000 to present). Visible

to near-infrared bands have a spatial
resolution of 15 m, 30 m for shortwave
infrared bands, and 90 m for thermal
infrared bands

Airborne sensor collecting images with
224 spectral bands from visible, near
infrared to shortwave infrared. Depending
on the satellite platforms and latitude of
data collected, the spatial resolution
ranges from meters to dozens of meters
and the swath ranges from several
kilometers to dozens of kilometers
Hyperspectral image with

220 bands ranging from visible to
shortwave infrared. The spatial
resolution is 30 m. Data available

since 2003

Source: Modified from (Xie et al. 2008)

Vegetation mapping
applications

Global-, continental-,

or national-scale mapping.
Suitable for mapping
land-cover types (urban
area, classes of vegetation,
water area, etc.)

Local- to regional-scale
vegetation mapping

at species or community
level. Can be used

to validate other
classification results

Local- to regional-scale
vegetation mapping at
species or community level.
Can be used to validate
vegetation cover intepreted
from other images

Regional- to national-scale
vegetation mapping at
species or community level

At local to regional scale
usually capable of mapping
vegetation at community
level or even species level.
Images are created

as one-time operations on
an ‘as needs’ basis, data are
not readily available.

At regional scale, capable
of mapping vegetation at
community level or species
level



Appendix F
UNCCD Core Indicators
for National Reporting: ICCD/COP(11)/CST/2

Proposed refinements to the provisionally adopted set of impact indicators

Indicator Metrics/proxies

Description

Potential data source/
reference
methodology

Strategic Objective 1: to improve the living conditions of affected populations

Trends in population Poverty severity

living below the (or squared
relative poverty line poverty gap)
and/or income
inequality in affected
areas
or
Income
inequality

Trends in access to
safe drinking water in
affected areas

Proportion of
population using
an improved
drinking water
source

© The Author(s) 2015

Takes account of both
the distance separating
the poor from the
poverty line and the
inequality among the
poor

Alternative to the
poverty severity metric
for those countries where
poverty is no longer an
issue; Strategic Objective
1 has, in this sense,
already been achieved

An improved drinking
water source is defined
as one that is protected
from outside
contamination through
household connection,
public standpipe,
borehole, protected dug
well, protected spring,
rainwater, etc.

G.T. Yengoh et al., Use of the Normalized Difference Vegetation Index
(NDVI) to Assess Land Degradation at Multiple Scales, SpringerBriefs
in Environmental Science, DOI 10.1007/978-3-319-24112-8

World Bank®*®

OECD¢

WHO/UNICEEF Joint
Monitoring Program
for Water Supply and
Sanitation
methodology?

(continued)
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(continued)

Proposed refinements to the provisionally adopted set of impact indicators

Description

Intended as the
distribution

of land-cover types

of greatest concern
for land degradation
(excluding artificial
surfaces) by
characterizing the spatial
structure of vegetative
land cover; it should
include and specify
natural habitat classes

Based on long-term
fluctuations and current

Indicator Metrics/proxies
Strategic Objective 2: to improve the condition of ecosystems
Trends in land-cover Vegetative
structure land-cover
structure
Trends in land Land-
productivity or productivity
functioning of the dynamics

land

efficiency levels of
phenology and
productivity factors
affecting standing
biomass conditions

Potential data source/
reference
methodology

Sourced from
products like
GlobCovere,* or
finer-resolution
products under
development (Gong
et al. 2013), and
following established
land-cover
classifications (e.g.,
FAO/UNEP LCCS?)

New World Atlas of
Desertification
methodology;" update
foreseen every 5
years

Strategic Objective 3: to generate global benefits through effective implementation

of the UNCCD
Trends in carbon
stocks above- and
belowground

Soil organic
carbon stock
To be replaced
by

Total terrestrial
system carbon
stock

Once operational

Global Wild Bird
Index

Trends in abundance
and distribution of
selected species
(potentially to be
replaced by an
indicator measuring
trends in ecosystem
functional diversity
once system
understanding and
data allows)

Intended as the status of
topsoil and subsoil
organic carbon

Including above- and
below-ground carbon

Measures average
population trends of a
suite of representative
wild birds, as an
indicator of the general
health of the wider
environment

Sourced from, e.g.,
the GTOS portal!

To be streamlined
with the GEF-
financed UNEP
Carbon Benefits
Project’*

Following the
indicator guidance
provided for and to be
streamlined with the
CBD process'™

Abbreviations: CBD convention on biological diversity, FAO food and agriculture organization of
the United Nations, GEF global environment facility, GTOS global terrestrial observing system,
LCCS land cover classification system, OECD organisation for economic co-operation and devel-
opment, UNEP United Nations environment programme, UNICEF United Nations children’s

fund, WHO world health organization
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*http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTPOVERTY/EXTPA/O,contentM
DK:20242881~isCURL:Y~menuPK:492130~pagePK:148956~piPK:216618~theSit
ePK:430367,00.html
“http://siteresources.worldbank.org/INTPA/Resources/tn_measuring_poverty_over_time.pdf
‘http://www.oecd.org/els/soc/43540354.pdf

dhttp://www.wssinfo.org/

¢http://due.esrin.esa.int/globcover/

"http://www.gofcgold.wur.nl/sites/gofcgold_refdataportal.php
¢http://www.fao.org/docrep/003/X0596E/X0596e00.htm

"http://wad.jrc.ec.europa.eu/

Thttp://www.fao.org/gtos/tcoDAT.html

Jhttp://carbonbenefitsproject-compa.colostate.edu/
*http://www.unep.org/climatechange/carbon-benefits/Home/tabid/3502/Default.aspx
"http://www.unep-weme.org/wild-bird-index_568.html

"http://www.bipindicators.net/WBI


http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTPOVERTY/EXTPA/0,contentMDK:20242881~isCURL:Y~menuPK:492130~pagePK:148956~piPK:216618~theSitePK:430367,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTPOVERTY/EXTPA/0,contentMDK:20242881~isCURL:Y~menuPK:492130~pagePK:148956~piPK:216618~theSitePK:430367,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTPOVERTY/EXTPA/0,contentMDK:20242881~isCURL:Y~menuPK:492130~pagePK:148956~piPK:216618~theSitePK:430367,00.html
http://siteresources.worldbank.org/INTPA/Resources/tn_measuring_poverty_over_time.pdf
http://www.oecd.org/els/soc/43540354.pdf
http://www.wssinfo.org/
http://due.esrin.esa.int/globcover/
http://www.gofcgold.wur.nl/sites/gofcgold_refdataportal.php
http://www.fao.org/docrep/003/X0596E/X0596e00.htm
http://wad.jrc.ec.europa.eu/
http://www.fao.org/gtos/tcoDAT.html
http://carbonbenefitsproject-compa.colostate.edu/
http://www.unep.org/climatechange/carbon-benefits/Home/tabid/3502/Default.aspx
http://www.unep-wcmc.org/wild-bird-index_568.html
http://www.bipindicators.net/WBI
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http://www.nro.gov/history/csnr/corona/factsheet.html
http://www.nro.gov/history/csnr/corona/factsheet.html
http://landsat.usgs.gov/about_landsat5.php
http://landsat.usgs.gov/about_landsat5.php
http://landsat.usgs.gov/about_landsat5.php
http://landsat.usgs.gov/about_landsat5.php
http://landsat.usgs.gov/about_landsat7.php
http://landsat.usgs.gov/about_landsat7.php
http://landsat.usgs.gov/landsat8.php
http://ecocast.arc.nasa.gov/data/pub/gimms/
http://ecocast.arc.nasa.gov/data/pub/gimms/
http://modis.gsfc.nasa.gov/data/
http://www.geo-airbusds.com/en/143-spot-satellite-imagery
http://www.geo-airbusds.com/en/143-spot-satellite-imagery
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http://www.geo-airbusds.com/en/143-spot-satellite-imagery
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Appendix H
Software for Processing Satellite
Images to Develop the NDVI

Common Commercial Software for Processing Satellite
Images to Develop the NDVI

@ esri

ArcGIS. ArcGIS is the most popular geospatial product in the industry. According
to its creators, the Environmental Systems Research Institute (ESRI), the ArcGIS
platform is a complete GIS suite that permits users to conduct spatial analysis, man-
age data effectively, explore data content, automate advanced workflows, create
maps, and undertake advanced operations with, and analysis of, imagery. It com-
prises a range of software tools and extensions (most of which are available to users
depending on the license level of their platforms) with sophisticated desktop GIS
functionality such as spatial analysis, 3D, geostatistics, server-based data manage-
ment, and geo-processing that leverage Oracle or SQLServer type databases. While
arange of operations on imagery can be achieved through the use of tools in exten-
sions such as Spatial Analyst, the Image Analyst has functionality for performing
basic tasks such as image subtraction, vegetation indices, and others. More on the
features of ArcGIS for Desktop, its extensions and capabilities can be found here:
http://www.esri.com/software/arcgis/arcgis-for-desktop.

© The Author(s) 2015 93
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4 HEXAGON

GEOSPATIAL

Erdas Imagine. Erdas Imagine is a powerful but simple-to-use geospatial imagery
processing application. It is renowned for its ability to enhance satellite imagery to
make it more meaningful and facilitate complex analysis. It has built-in tools for the
interchange of numerous file formats and has an extensive array of vector editing
and analysis capabilities and the ability to design custom geospatial-analysis tools,
handle multispectral and hyperspectral data, as well as advanced classification tech-
niques. More on Erdas Imagine can be found here: http://www.hexagongeospatial.
com/products/remote-sensing/erdas-imagine.

(‘ # HEXAGON

GEOSPATIAL

ER Mapper. ER Mapper is a geographic image processing software product, which
runs on a range of PCs running Windows. This software can be used to display,
integrate, and enhance raster data, display and edit vector data, and link with data
from Geographic and Land Information Systems, Database Management Systems,
or indeed most other sources. The outstanding feature and benefit of ER Mapper is
its ease of use and processing on the fly feature. This means that different image-
processing algorithms can be launched simultaneously, and the results instantly dis-
played on the user’s screen. This reduces the time it takes for other applications to
do the same tasks, because, generally, a new file would have to be created before the
results are displayed. All processing information can be saved in project files called
Algorithms where all the processing steps are on the image or images. More on ER
Mapper can be found here: http://www.hexagongeospatial.com/products/remote-
sensing/erdas-er-mapper.

CLARK LABS

e 55 (22

Geospatial software for monitoring and modeling the Earth system

IDRISI. IDRISI GIS and image processing application is developed by Clark Labs
at Clark University. It has been seen by many in the remote sensing community as
affordable and robust and is widely used for both professional operations and edu-
cation. IDRISI is currently in the Selva version. This is an integrated GIS and Image
Processing software package with over 300 modules for the processing, analysis,
and display of digital spatial information. It may be considered the most extensive
set of GIS and Image Processing tools in the industry in a single, affordable


http://www.hexagongeospatial.com/products/remote-sensing/erdas-imagine
http://www.hexagongeospatial.com/products/remote-sensing/erdas-imagine
http://www.hexagongeospatial.com/products/remote-sensing/erdas-er-mapper
http://www.hexagongeospatial.com/products/remote-sensing/erdas-er-mapper
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package. It includes tools such as neural network classifiers and change detection
modules that are not available out-of-the-box in any other software. TerrSet is a
recent integrated geospatial software system for monitoring and modeling the earth
system for sustainable development. It incorporates the IDRISI GIS Analysis and
image processing tools along with a collection of vertical applications to perform
complex analysis of issues of sustainability in the earth system. More on IDRISI
and its associated sets of integrated tools can be found here: http://www.clarklabs.
org/.

® ENVI

ENVI. ENVI products create the primary geospatial software foundation to convert,
preprocess, process, and analyze all types of imagery and data such as multispectral,
hyperspectral, LIDAR, and SAR. They are known for their design which permits
easy acquaintance with and use by everyone regardless of prior experience with
imagery —from GIS professionals to image analysts and image scientists. ENVI
products interoperate well with many geospatial applications. For example, all
ENVI products integrate with ArcGIS, and can be easily customized to meet unique
needs of users across disciplines. More about ENVI and its family of products can
be found here: http://www.exelisvis.com/ProductsServices/ENVIProducts/ENVI.
aspx.

2 PCI

JATICS

PCI Geomatica. PCI Geomatica is an integrated software featuring the majority of
tools needed by professionals for remote sensing, digital photogrammetry, image
analysis, map production, and mosaicking. A strong point is the ease of loading
satellite and aerial imagery and its capability of faster data processing with advanced
modules to handle complex processes. Geomatica is also known for its comprehen-
sive routines for automation of data processing tasks. Geomatica has been and con-
tinues to be used by many educational institutions and scientific programs throughout
the world for a range of remote sensing projects. More about PCI Geomatics can be
found here: http://www.pcigeomatics.com.


http://www.clarklabs.org/
http://www.clarklabs.org/
http://www.exelisvis.com/ProductsServices/ENVIProducts/ENVI.aspx
http://www.exelisvis.com/ProductsServices/ENVIProducts/ENVI.aspx
http://www.pcigeomatics.com/
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Common Open-Source Software

Courtesy of GISGeography.com (with some modifications)!

« SAGA

mmmmm

SAGA GIS: System for Automated Geoscientific Analyses. SAGA GIS is on the top
of the list of free remote sensing softare, and for good reason. SAGA GIS is ideal
for most GIS and remote sensing needs, having a rich library of modules that offer
possibilities for quick, reliable raster analyses and manipulation. What gives SAGA
GIS akick is its quick and reliable raster processing. The official user guide is avail-
able here: http://www.saga-gis.org/en/

OOPTICKS

Opticks. The neat part about this software is the long list of extensions you can add.
There are plug-ins for raster math, radar processing, and hyper-/multispectral data
processing. It is important to always make sure to check the compatibility before
downloading an extension. You might have to scale back your Opticks version in
order for the extension to work properly. For all information concerning Optiks, as
well as the download of the software, go here: http://opticks.org/confluence/display/
opticks/Welcome+To+Opticks.

{ GRASS GIS
\ % b

GRASS: Geographic Resources Analysis Support System. GRASS may be one of
the most popular software package on this list. GRASS is full of functionality:
image classification, PCA, edge detection, radiometric corrections, 3D, geostatis-
tics analysis, and filtering options. Another key feature of GRASS is the LIDAR
processing and analysis. You can filter LiDAR points, create contours, and

'We greatly acknowledge the contribution of GISGeography.com in permitting the use of its sum-
mary of current freely available remote sensing software below (with some modifications).
The original resource provided by GISGeography can be found here: http://gisgeography.com/
open-source-remote-sensing-software-packages/.


http://www.saga-gis.org/en/
http://opticks.org/confluence/display/opticks/Welcome+To+Opticks
http://opticks.org/confluence/display/opticks/Welcome+To+Opticks
http://gisgeography.com/open-source-remote-sensing-software-packages/
http://gisgeography.com/open-source-remote-sensing-software-packages/
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generate DEMs. The official user guide is available here: https://grass.osgeo.org/
grass70/manuals/.

ORFEO: Optical and Radar Federated Earth Observation. The ORFEO toolbox
was a cooperative project developed by France and Italy. It is a library of remote
sensing image processing specifically aimed at high spatial resolution. ORFEO pro-
vides a wide range of remote sensing functions: radiometry, PCA, change detection,
pan sharpening, image segmentation, classification, and filtering. An interesting
aspect of this software is the capability to do object-based image analysis. This is a
rare feature in software nowadays. The official user guide is available here: https://
www.orfeo-toolbox.org/SoftwareGuide/SoftwareGuidech33.html.

—  —

1= =111\

OSSIM: Open-Source Software Image Map. OSSIM is a high-performance open-
source remote sensing software application for high spatial resolution imagery. It
has been actively developed for almost two decades, funded through US depart-
ments such as in intelligence and defense. Key features are compatibility with more
than 100 raster and vector formats and over 4000 different projections and datums.
It supports numerous sensors, but some may require additional plug-ins.

. INTERIMAGE

interpreting images freely

InterImage. InterImage is a bit different from the other open-source remote sensing
software on this list. It specializes in automatic image interpretation. The core theme
of automatic image interpretation is object-based classification (OBIA). This
involves segmentation, exploring attributes, and supervised classification. Although
developed in Brazil, documentation is available in English. More can be found here:
http://www.lvc.ele.pucrio.br/projects/interimage/


https://grass.osgeo.org/grass70/manuals/
https://grass.osgeo.org/grass70/manuals/
https://www.orfeo-toolbox.org/SoftwareGuide/SoftwareGuidech33.html
https://www.orfeo-toolbox.org/SoftwareGuide/SoftwareGuidech33.html
http://www.lvc.ele.pucrio.br/projects/interimage/
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ILWIS: Integrated Land and Water Information System. ILWIS has been around for
more than 25 years. It has had over 27,000 downloads since its first release. It wasn’t
until recently that it has become available for public use. ILWIS was originally built
for researchers and students. For this reason, effort was concentrated on developing
a user-friendly environment. The other main focus was compatibility with raster and
vector formats. This has been done by full integration with the GDAL library. The
practical uses of ILWIS make it a prime choice for remote sensing activities. More
on ILWIS can be found here: http://www.ilwis.org/

&y

gvSIG. gvSIG is known for its wide variety of rich features and powerful capabili-
ties: supervised classification, defining ROIs, band algebra, and decision trees.
gvSIG stands for Generalitat Valenciana Geographic Information System.
Generalitat Valenciana is the Spanish regional authority the system was designed
for. More on gvSIG can be found here: http://www.gvsig.com/en

d'

Quantum GIS (QGIS). QGIS is one of the most powerful open-source GIS software
packages available for free. This software package allows users to visualize, ana-
lyze, interpret, and understand spatial data. Plug-ins are the key to its operations.
Raster manipulation includes neighborhood analysis, map algebra, surface interpo-
lation, hydrologic modeling, and terrain analysis like slope and aspect. There are
plug-ins for, among other operations, semiautomated classification, BEAM and
NEST framework, multitemporal raster analysis, viewshed analysis. The official
site of QGIS is found here: http://www.qgis.org/en/site/.

ANTUM GIS


http://www.ilwis.org/
http://www.gvsig.com/en
http://www.qgis.org/en/site/
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