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Abstract

This study presents a global estimate of net pygnpanduction (NPP) losses due to human-
induced desertification. Only few quantitative daten NPP losses resulting from
desertification are available so far, and quantdythem is not facilitated by the fact that there
are large discrepancies in the scientific literatan the extent and impact of desertification,
suggesting the existence of considerable uncerainfs a first step, | compiled the best
available geographical information system (GlS)adats on the extent and severity of
degradation to obtain a desertification map thas wWeen used for all further calculations.
Desertification-induced NPP losses were calculbiedpplying a set of factors depending on
the extent and severity of desertification in egal cell. The NPP loss factors were derived
from a literature survey and from own calculatiois.order to consider uncertainties |
derived minimum and maximum estimates reflectingsgme errors in the available input
data. The results of the minimum and maximum esémwere compared with a 'best guess’
estimate, which was refined with recent socio-ecaoodata. My ‘best guess’ is that
desertification results in an overall loss of 965 Q/yr with a possible range of 799-1936 Tg
Clyr. This means that between 4% and 10% of pateptoductivity (NPB) in drylands is
lost due to human activities like overgrazing amgialtural mismanagement. However,
results are varying considerably within land-usassés (5% in grazing areas, 14% in
croplands) and regions (up to 19% of NR®P Eastern and South-Eastern Europe). | give
detailed information on the human overuse on lichiggyricultural areas in drylands and
discuss future implications for food-security aadd-use change scenarios. All datasets are
available in 5 arc minutes gridcells and can be rdoaded at http://www.uni-
klu.ac.at/inhalt/1088.html.



Deutsche Kurzfassung

Die vorliegende Arbeit prasentiert eine weltweitebs8hdatzung von Verlusten an
Nettoprimarproduktion (NPP) durch menschlich vemalge Desertifikation. Desertifikation
wird hier gem&R der UNCCD (United Nations Convemtim Combat Desertification)
definiert, welche Desertifikation als Degradation Tirockengebieten, und somit in ariden,
semi-ariden und trocken sub-humiden Gebieten fgsti&emal dieser Konvention ist
Degradation ein permanenter Verlust der naturlicheroduktivitat resultierend aus
menschlichem Einfluss oder klimatischen Bedingungen

Um den menschlichen Einfluss auf den Produktiwedsist durch Desertifikation zu
quantifizieren, wird in dieser Arbeit das Konzeperd,menschlichen Aneignung von
Nettoprimarproduktion® (HANPP) verwendet. Nettopé@mroduktion (NPP) ist die jahrlich
produzierte Nettoenergie, die von Pflanzen durclté®dynthese produziert wird und als
Nahrungsgrundlage fur Organismen hoherer Trophreabeur Verfigung steht. Der Mensch
verandert diese Energieflisse durch Biomasseenmahm(NPR) oder

LandnutzungsanderungeANPR ¢). Wahrend frihere Studien den Produktivitatsvenas

Bodendegradation meist durch Ernteverluste oder chdurbkonomische Verluste
quantifizierten, stellt diese Studie den Verlust @otentieller NPP als zentralen Teil der

ANPR_¢ dar und berechnet somit den direkten menschliéhegriff in Okosysteme.

Um den Fokus dieser Arbeit auf die Auswirkung desnbthen zu legen wurde

Desertifikation hier als Bodendegradation festgel@&pdendegradation hat einen direkten
Effekt auf bestimmte Basisfunktionen in Okosystenmga die Nahrstoffverteilung und die

Wasserversorgung und kann somit direkt die NPPinggm. Im Gegensatz dazu ist
Vegetationsdegradation in Trockengebieten oftmaisa ®&esultat aus kurzfristigen

klimatischen Anderungen. Die hohe Dynamik in trouke Okosystemen zeigt unmittelbare
Auswirkungen bezuglich des wichtigsten Faktors inckengebieten, dem Niederschlag. So
kann es wéahrend Trockenzeiten zu einer raschenhxbaaer NPP kommen, die vielfach als
menschliche Misswirtschaft ausgelegt wird. In dédgenden Niederschlagsperioden kann
sich die Vegetation dann oftmals rasch wieder emmolvenn der Boden nicht schwerwiegend
degradiert ist. Ein weiterer Grund, warum Vegetaaegradation hier nicht berticksichtigt

wird, ist der Fakt, dass sie haufig durch eine neegte Biodiversitat definiert wird, wie etwa



durch Verbuschung in Graslandern. Diese veranddeftanzengesellschaften kbnnen den
okonomischen und den 6kologischen Wert in Okosystemindern, miissen jedoch nicht die

Gesamtproduktivitat andern.

Als Grundlage fur diese Berechnung des NPP-Vedusted eine GIS-Karte Gber Ausmalf}
und Ausdehnung von Bodendegradation in Trockentmbierstellt. Der Basisdatensatz
dieser GIS-Karte ist GLASOD (Global Assessment ol ®egradation), der einzige global
verfligbare Datensatz von Bodendegradation. Um &@efiden Kritik an GLASOD beztglich
Subjektivitat, Uberschatzung und Ungenauigkeit egémzuwirken und um die Aktualitat der
Daten zu erh6éhen (GLASOD wurde vor etwa 20 Jahreoben), wurden aktuellere, regional
verfigbare Datensatze fur folgende Regionen undé&im GLASOD integriert:

- Sid- und Sudostasien

- Ost- und Sudost-Europa

- Zentral- und Ost-Asien und die Arabische Halbinsel

- Russland

- Sudafrika

- Mexiko

Die neu zusammengesetzte GIS-Karte wurde mit eigtlierten Klima-Index (,Humidity
Index” oder auch ,Aridity Index*) verschnitten, uaen Fokus auf aride, semi-aride und
trocken sub-humide Gebiete legen zu konnen. Dieser arrangierte Desertifikations-
datensatz wird in Folge als COMSAD (,Compiled MdpSwil Degradation Assessments in
Drylands*”) bezeichnet. Um die Verluste von NPP dubesertifikation zu berechnen wurden
die Informationen von Degradationsgrad und Degradstiache der COMSAD Karte mit
potentiellen NPP-Daten (NBP des Lund-Potsdam-Jena Modells, einem dynamischen
globalen Vegetationsmodell, kombiniert. Die Unsitiggten beztglich der Datengrundlagen
sollen mittels einer Minimum- und einer Maximum-Belnnung abgeschétzt werden. Fur
beide Berechnungen wurden verschiedene Produkseitibulen von NRP durch
Degradationsprozesse angenommen. Um die wahrsichetel Abschatzung an NPP-
Verlusten innerhalb dieser Minimum-Maximum-Spannesehatzen zu kénnen, wurde eine
sogenannte ‘best guess’ Berechnung durchgefihrdideer bestmdglichen Abschatzung
werden die Berechnungen ausschlie3lich auf Ackad Weideflachen durchgefiihrt. Die
Ausdehnung dieser landwirtschaftlichen Flachen wihdrch einen jlngst publizierten

Landnutzungsdatensatz ermittelt und durch statlsisnformationen bezlglich der aktuellen



Produktivitat erganzt. Alle GIS-Karten wurden inS5klinuten Rasterzellen (ca. 10 km am
Aquator) umgewandelt, um eine raumlich explizitatiéan NPP-Verlusten zu erhalten.

Die Ergebnisse der Datenaggregation zeigen, daksdg Desertifikationsflaichen um 15%
gegeniber der Basiskarte GLASOD erhoht haben unt ®ine Flache von 11,8 Mio. km?2
umfassen. Dies entspricht 23% der globalen Trookdeiete. In manchen Regionen wie Ost-
und Sudost-Asien erhohte sich die Flache durcha#iteelleren Datensdtze um tber 50%
gegenuber dem Basisdatensatz GLASOD. Die meistgradierten Flachen sind in der semi-
ariden Zone zu finden, welche auch den grof3tenilhateweltweiten Trockengebieten hat
(44% der Gesamtflache). Es ist nicht nur eine Kische Variabilitat, sondern speziell eine
regionale und lokale Variabilitat von Desertifilati festzustellen. Ost- und Sidost-Europa
und Siudost-Asien sind jene Regionen, die die grbftgichen an Desertifikation im
Verhdltnis zu ihren Trockengebieten aufweisen (568 45%), wahrend die grof3ten
absoluten degradierten Flachen in Afrika stdlich S8ahara und in Zentralasien inklusive
Russland zu finden sind. Auffallend ist, dass dasdtweite Ausmald der Degradierung
hauptséachlich durch die qualitativen Kriterien ¢lai degradiert und ,maRig degradiert*
beschrieben werden kann. Beide Kriterien zusamnmafassen etwa 80% der gesamten
degradierten Flache, wahrend die Kriterien ,staggrddiert” und ,auf3erst stark degradiert"

nur in Zentralasien und Russland dominant sind.

Bei der Einbeziehung von Landnutzungsdatensatzeteiribest guess’ Berechnung kommt
es zu einer signifikanten Reduktion der Desertifda@sflachen von 2,3 Mio. km?, der
Hauptanteil davon in den ariden Gebieten. Ein Guiblder Flachen geht durch die
Berucksichtigung von Wildnisgebieten verloren, kisgnen menschlichen Einfluss aufweisen,
und Flachen, deren natiurliche Produktion unter mingchwellenwert von menschlich
nutzbarer Produktivitat liegt. Bei der Verschneigumer degradierten Flachen mit
landwirtschatftlich genutzten Flachen wird eine néig¢ Inkonsistenz der COMSAD mit den
Acker- und Weidelandern des Landnutzungsdatensaizésbar. In Rasterzellen, die eine
hohere Desertifikation als Agrarflache auswiesemide die Desertifikation auf die maximal
vorhandene landwirtschaftliche Flache reduziereésBiUnregelmaliigkeiten entsprechen etwa
4% der COMSAD.

Die Ergebnisse der NPP-Verluste zeigen, dass welwieva 965 Tg C pro Jahr durch
Desertifikation verloren gehen, mit einer moglichgmeite von 799 Tg C bis 1973 Tg C pro



Jahr. Das entspricht einem Verlust von rund 5% petentiell nattrlichen NPP in
Trockengebieten. Deutlich zu sehen sind auch hierregionalen Unterschiede. Wahrend
einzelne Gebiete in Zentralasien und Russland $&rluon bis zu 85% der NFPRufweisen,
zeigen die Abschatzungen, dass in den meisten Babike Verluste zwischen 0% und 5%
liegen. Der Asiatische Kontinent ist mit Gber 50%sdylobalen NPP Verlustes besonders
betroffen. Die Regionen im &stlichen und sudos#iciEuropa und auch im sudoéstlichen
Asien zeigen den groten Verlust in Trockengebietmit 103 g C/m2/a bzw.
94 g C/m?/a bei der bestmdglichen Abschatzung (‘gesss’). Im Vergleich dazu scheinen
die Verluste in Nordamerika und Australien mit mreweitlufigen Flachen an
Trockengebieten mit unter 10 g C/m?/a eher gering.

Bei der bestmdglichen Abschétzung ist durch dieasstp Berechnung der NPP-Verluste in
Agrarflachen und Weidelandern ein deutlicher Urdieiesd der NPP-Verringerung in
verschiedenen Landnutzungsklassen sichtbar. Oblagbe landwirtschaftlichen Nutzungen
fast eine idente Menge an absolutem NPP-Verlusvegisén, muss bericksichtigt werden,
dass die degradierten Ackerflachen nur etwa 26% diégradierten Gebiete ausmachen.
Daraus folgt ein NPP-Verlust von 14% der NR® Ackerlandern und ein Verlust von etwa
5% der NPRin Weideflachen. Den héchsten Verlust in Acker&mdpro Flache weist Sud-
Asien mit 197 g C/m?a auf, wahrend diese Landmgzgklasse in Ostasien (China und
Mongolei) mit einer Reduktion von etwa 2 g C/menl1% der NPfkaum betroffen ist. In
beiden Landnutzungsklassen zeigen sich die hochsterentuellen Verluste in Sitdost-
Europa mit 29% auf Ackerflachen und 11% der poéHetn Primarproduktion auf

Weideflachen.

Vergleicht man diese Ergebnisse mit friiheren glem@bschatzungen, zeigt sich ein deutlich
geringerer Verlust als in anderen Untersuchungegeraammen. Ein Verlust von 5% der
potentiellen NPP in Trockengebieten bedeutet eeter moderaten Einfluss des Menschen
in trockenen Okosystemen, jedoch muss man die estagigionale und sub-regionale
Variabilitdt berticksichtigen. Die resultierende €d4&rte und auch eine makrogeographische
Analyse zeigen deutlich, dass in verschiedenendsabibetrachtliche Mengen an naturlicher
Produktivitat durch Ubernutzung und Uberbeansproghwon landwirtschaftlichen Flachen
verloren gehen. Im Vergleich mit regionalen HANP&®&hnungen wird augenscheinlich,
dass der Mensch mit unterschiedlicher Effizien©kosysteme eingreift. In Zentralasien und

Russland geht beispielsweise ein maliger bis hémteil an natirlicher Produktivitat



verloren. Betrachtet man den relativ geringen HANR&t in dieser Region, zeigt sich, dass
bei dieser ohnehin gering genutzten natirlichendiktvitdt etwa ¥ durch menschlich
verursachte Desertifikationsprozesse verloren gdtitnliche Bilder ergeben sich fur
Nordafrika, Subsahara-Afrika und flur die Arabisc¢tebinsel, wenngleich die NPP-Verluste
durch Desertifikation einen etwas geringeren AraeilHANPP aufweisen. Ost- und Sudost-
Europa, die Region mit den hochsten Verlusten atenpeller NPP und den hdchsten
Verlusten pro Flache, weist ebenfalls einen deuwtiic Anteil der Desertifikation an der
gesamten HANPP mit Ober 10% auf. Im Gegensatz dsiebt man bei den hoch
industrialisierten Regionen wie Nordamerika, Augtra und Westeuropa einen deutlichen
geringeren Anteil der NPP-Verluste durch Desemtfibtn an HANPP. In Westeuropa ist der
Verlust der potentiellen Produktion in Trockengédme der mehr als das weltweite Mittel
betragt, vor allem ein regionales Problem, das siatrster Linie auf die iberische Halbinsel
konzentriert. Auch in asiatischen Regionen ist gaminger Anteil der NPP-Auswirkungen
aufgrund von Desertifikation im Verhaltnis zu HANRRhtbar. Jedoch zeigt etwa Sidost-
Asien, dass NPP-Verluste durch Desertifikation zmaretwa 1% der HANPP betragen, aber
die Trockengebiete deutlich beeintrachtigen, daselienur einen &uf3erst geringen
Flachenanteil von 2% haben. Stdost-Asien weist kbWwei Verlust pro Flache als auch bei
prozentuellem Verlust der naturlichen Produktivitken zweitgrof3ten Wert nach Ost- und
Sudost-Europa auf. Das zeigt die regionale Proli&naan Desertifikation. Obwohl HANPP
in dieser Region offensichtlich durch Ernte (NPBder durch Landnutzungsanderungen in
humideren Gebieten gepragt ist, fuhren Desertikaprozesse zu einer deutlichen
Verringerung (etwa 12%) der nattrlichen Produkiioiirockengebieten.

Den regionalen Unterschieden des NPP-Verlusteseriegerschiedene Ursachen und
Belastungen zugrunde. Als Hauptursache gilt diedirarischaft. Durch unterschiedliche
Verfugbarkeiten und Beschaffenheiten von naturlickRessourcen wie Boden und Wasser
und durch unterschiedliche Belastungen zeigen w&rbchiedene Desertifikationsprozesse.
Diese Prozesse kénnen wie folgt gruppiert werdemdwund Wassererosionen, chemische
Beeintrachtigungen wie etwa  Versalzungsprozesse urdich  physikalische
Beeintrachtigungen, wie z.B. Bodenverdichtungen. Stidost-Europa und auch im
europaischen Teil Russlands wurden wahrend der koristischen Ara im 20. Jahrhundert
grole Mengen an chemischem Dinger und schwere Masclhzur Bewirtschaftung
eingesetzt. Daraufhin kam es zu Bodenverdichtungsh Kontaminationen. Durch diese

Degradationsprozesse wurde die Bewirtschaftungvéese eingestellt, woraufhin sich die



Produktivitat weiter reduzierte. In anderen Geletgie z.B. in Nordafrika und West-Asien,
kam es durch intensive Bewasserung zu Versalzuogsgsen und Erosionen durch Wind
und Wasser. In Ostasien wiederum ist UberweiduagHiiuptursache fiir Bodendegradation
und den daraus resultierenden NPP-Verlust. Abeh &ier wurden Agrarflachen aufgrund
von Erosionsprozessen aufgelassen, die durch Udmespeuchung und ungeniigenden
Ausgleich durch Diingemittel entstanden sind. Im #dghen konnen die Ursachen auf die
starke Ausbreitung von landwirtschaftlich genutzidgéichen zuriickgefuhrt werden, die dann
von Ubernutzung, mangelndem Einsatz von Diingemitsds Nahrstoffersatz und nicht

nachhaltiger Biomasseentnahme gepréagt sind.

Um in Zukunft die wachsende Bevolkerung ausreicheriidNahrung zu versorgen, ist es
notwendig, zusatzliche landwirtschaftlich nutzbktachen zu erschliel3en oder die Effizienz
bestehender Flachen zu erhohen. Um die ErschlieBangr Agrarflachen auf Kosten von
anderen Okosystemen einzudammen, sollte der Schnldrpn der Effizienzerhéhung liegen.
Diese kann einerseits durch eine bessere Verwertwmy bisher ungenutzter, aber
entnommener Biomasse oder durch eine adaquate rZufah Nahrstoffen erfolgen.
Zusatzlich kénnten bereits degradierte Flachenhiétiart werden um die Produktivitat, die
verloren gegangen ist, wieder fir den Menschenbautzu machen. Diese Verluste kbnnen
durch die durchgefiihrte Berechnung der NPP sichtfmmacht werden und geben in
Zusammenhang mit dem Indikator HANPP eine wertvdiaschatzung tber mdgliche

zukinftige Landnutzungsentwicklungen.

Hierbei ist jedoch wichtig, in Zukunft neuere regide Datensatze Uber Ausmal? und
Konsequenzen von Desertifikation zu entwickeln, siemmit globalen NPP-Datensatzen aus
Modellierungen oder Fernerkundung zu kombiniereiitdl$ globaler, GIS-basierter Studien
wie dieser kdnnen regionale Unterschiede verglickerden und Erfahrungen von negativen
Entwicklungen bestehender Bodendegradationen inh noicht betroffenen Regionen
eingebracht werden. Jedoch ist regionales und dsk®Vissen Uber biophysikalische und
sozio-6konomische Faktoren unerlasslich, um gewibsands in globalen Modellen zu
interpretieren. Dies trifft speziell auf Afrika zwyo in Zukunft ein enormer Zuwachs an
landwirtschaftlichen Flachen prognostiziert wirdurbh die Aneignung von entsprechendem
Know-how und Zugang zu Ressourcen kann eine pediitwicklung geférdert werden, um

eine entsprechende Nahrungssicherheit zu gewédbreis






1 Introduction

Land-use and land-cover change strongly affecepatand processes in global ecosystems.
Humans dominate, transform and modify ecosystemmrder to obtain ecosystem services
and goods (Turner Bt al, 1990; Vitouselet al, 1997). While these human activities support
human well-being and economic development, theg alter biogeochemical cycles and
ecosystem functions, and result in biodiversitysI{BeFrieset al, 2004; Gitayet al, 2002;
Millennium Ecosystem Assessment, 2005a). The omgtaind-cover changes resulting from
the conversion of natural land to agricultural aread intensification of croplands ensure the
growing demand for food, feed, fiber and recentig supply of biofuel. However, these
increasing needs, ensuing from the growing popratind world economy, often result in
degradation and desertification due to agricultunadensification on croplands and
overgrazing on pasture lands (Fottyal, 2005; Le Houérou, 2002).

Desertification has been identified as a major 9pmpof land-use and land-cover processes
(Asneret al, 2004; Leper®t al, 2005) taking place in drylands all over the wdHédt cover
about 41% of terrestrial land area (Millennium Bgiem Assessment, 2005b).
Desertification and its definition are highly deddtin the scientific community (Reynolds
and Stafford-Smith, 2002; Thomas, 1997). | herto¥olthe well-established definition of the
United Nations Convention to Combat DesertificatidyNCCD), which defines
desertification asland degradation in arid, semi-arid, and dry sulsinid areas resulting
from various factors, including climatic variatiorsd human activities'(United Nations,
1994, p.4). Furthermore in regard to the conventiand degradation means a temporary or
permanent reduction of the biological productivityecosystems including human-induced

alteration of soil and vegetation structure.

Desertification has a variety of socioeconomic &raphysical consequences, ranging from
local to global scales (Reynolds$ al, 2007). Previous global studies share seriousezonc
about the effects of desertification on sustairigbiby giving estimates on the extent and
dynamics of this phenomenon (Dregne, 1983; Dregm @hou, 1992; Mabbutt, 1984).
However, all these assessments vary greatly imitiefi, and are frequently not based on
measured data but rather on local experience, gsegersonal opinions and anecdotal

evidence (Thomas and Middleton, 1994). The mostprehensive assessment of the extent,



degree, severity, causes and rates of global dagoads the GLASOD database (Olden®n
al., 1991), referring to the year 1988 and based pletaora of expert knowledge. GLASOD
estimated that about 20% of global drylands areratbgl, whereas the other assessments
estimated that up to 70% of the global drylandssafgjected to desertification. A desktop
study in the context of the Millennium Ecosystemséssment (MA) estimated an overall
desertification extent of 10% of the assessed ddykrea including hyper-arid areas (Lepers
et al, 2005). In the review by Safrigt al. (2005), the most likely global desertification
extent is estimated to be within the range of 1%20f the global terrestrial surface. It
becomes evident that these discrepancies in thentesf desertification hamper systematic
analyses of the consequences of desertificatioedosystem functioning or for the ability of
ecosystems to provide services to human societth B urgent challenges in current land

use research (Folat al, 2005; Millennium Ecosystem Assessment, 2005a).

This study aims to provide a spatially explicitiestte of the human impact on net primary
production (NPP) resulting from soil degradation global dryland ecosystems. NPP is
determined by the supply of nutrients and waterigied by soils; thus, soil degradation has
detrimental effects on these functions and thustewhe NPP of ecosystems (Blum, 1998;
Lal and Stewart, 1990; Nabhat al, 1999; Safriel, 2007). According to the UN defiont,
desertification also encompasses changes in vegetstructure. However, such alterations
are often short-term dynamics depending on flugtnatof precipitation, in particular in the
semiarid zone (Cao and Woodward, 1998; Herrmetnal, 2005; Le Houérowt al, 1988;
Princeet al, 1998; Ramankuttet al, 2006; Reynolds and Stafford-Smith, 2002; Salal,
1988; Wessel®t al, 2007). In areas where soil degradation is nabssy vegetation can
recover soon after precipitation (Ayoub, 1998),sthiesertification can only be defined as a
persistent reduction of biological productivity kit a given ecosystem (Prince, 2002;
Safriel, 2007). Furthermore, vegetation degradataffects mainly plant composition
(Hoffman et al, 1999; Kharin, 2002). For example, shrub encroasiinn grasslands may
deteriorate the economic and nutritional value raisgland ecosystems (Asradral, 2004),
but does not necessarily result in reductions dP N previous studies showed (Huenretke
al., 2002; Jobbagy and Sala, 2000; Schlesirggeal, 1990). Therefore, the focus of this
research was set on soil degradation in drylandsichwis also termed hereafter as

desertification.

-10-



Soil degradation can significantly alter terrestidPP. NPP is a central parameter of
ecosystem functioning and a fundamental suppoetuwsystem service (Dailgt al, 1997,
Ito and Oikawa, 2004; Millennium Ecosystem Asses#me&005a; National Research
Council, 2000). It is defined as the net energydpoed by green plants through
photosynthesis available each year for transfether trophic levels. NPP plays an important
role in the global carbon cycle (IGBP Terrestriari@n Working Group, 1998) and is an
essential resource for society, providing food,dfemd fiber (Haberkt al, 2001; 2007,
Imhoff et al, 2004; Krausmanat al, 2008).

A well-established measure of human impact on nehgry production is HANPP, an
abbreviation for “human appropriation of net prigngroduction” (Haberl, 1997; Habeet
al., 2004; 2007; Vitouselet al, 1986; Wright, 1990). HANPP is the sum of harvdste
biomass (NPP and land—-used induced productivity changes inotydsoil degradation
(ANPRc) (Haberlet al, 2004; 2007)ANPR_c is calculated as the difference of potential net
primary production (NP§ and the actual prevailing vegetation (NRP In their pioneer
work, Vitouseket al. (1986) estimated the contribution of desertificatio HANPP at 2.25
Pg Clyr, a major component ANPR ¢ and therefore of HANPP. The aim of this studyois t
derive the most likely current magnitude and pattef ANPRc stemming from
desertification, along with an estimate of the utaety range, using best available
Geographical Information System (GIS) datasets arbre appropriate, statistical land use

datasets.

In order to calculate NPP losses caused by desatiin in a spatially explicit manner, |
carried out a GIS analysis at 5 minutes geographésmlution (approximately 10x10 km at
the equator). | used existing maps to derive a dvonlap of the extent and degree of
desertification, combining this information with el results on global potential productivity
(Haberlet al, 2007), using the Lund-Potsdam-Jena dynamic glebgétation model (LPJ-
DGVM) (Gertenet al, 2004; Sitchet al, 2003). In order to consider uncertainties, | ki
minimum and maximum estimates, based on differestimptions about degradation effects
on NPP, and compared these calculations with ama&ist using statistical information on the
current productivity of croplands (Habext al, 2007) and spatially explicit land-use datasets
(Erbet al, 2007).

-11-



The findings of the present study were comparedh® results of NPP loss due to
desertification by Vitousekt al. (1986) and to the results of HANPP calculated lapétlet

al. (2007). | further analyzed the map of NPP losssgamding regional variations and
different land-use and land cover changes. Furdleeelopments of agricultural systems in
drylands and the ongoing debate on food securitgemeloping countries are discussed in

connection with productivity losses.

2 Data and Methods

In my attempt to calculate the effect of soil delgdon on NPP in dryland ecosystems in a
spatially explicit manner, | created a new griddesp of global desertification on the basis of
a global dataset and publicly available regionahbases on degradation. In order to derive
this desertification map used for all further cédtions (in the following referred to as
COMSAD, abbreviated for “COmpiled Map of Soil deggion Assessments in Drylands”) |
followed the definition by Middleton and Thomas 9¥9 for dryland zones as discussed
below in more detail. The COMSAD dataset contanfsrmation about the extent and the
degree of desertification. Extent refers to theaasabjected to desertification within each
gridcell (percent of the total area). Degree givdsrmation on the grade of desertification,
thus, four degree levels of desertification (lighpderate, strong, extreme) were distiguished.
The calculations of NPP losses due to desertiboatrere based on assumptions on the effect
of desertification on NPP according to these faegrde levels. Two sets of assumptions were
used in order to get a minimum and maximum estimasing spatially explicit datasets on
the current global productivity of cropland (Habetlal. 2007), a “best-guess” calculation

was performed in order to reflect data uncertasntieinput data.
All calculations were performed on a global 5 aiia grid. The analyses were carried out on

macrogeographical (continental) regions and gedugcapsub-regions as defined by UNSD
(2006) (Table A8).
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2.1 Desertification extent

The basis of the calculations is the generatioth®fCOMSAD map. This map was generated
by using information of the GLASOD database (Olderetal, 1991) and refining it with
newly available, spatially explicit information @wil degradation. Despite some criticisms
concerning overestimation and subjectivity (e.g.ri&a and Olsson, 2004) | relied on
GLASOD, because it is currently the only comprehenslataset on soil degradation with
global coverage (Dregne, 2002). In order to overamleast some of the potential problems
of GLASOD (Oldeman and van Lynden, 1998; Olsso®3l%onneveld and Dent, in press), |
used it as a base map and updated it with thewolp more recent regional maps (Table
AT):

- South and Southeast AsI&SSOD - Assessment of the Status of Human-IndBogd
Degradation in South and Southeast Agfeédn Lynden and Oldeman, 1997)

- Central and Eastern Europ&OVEUR - Soil Vulnerability Assessment in Cenénadi
Eastern Europe” (van Lynden, 2000)

- Central Asia and Arabian Peninsul®esertification map of Asia”’(Kharin et al.,
1999b)

- Mexico: “Evaluation of human-induced soil degradation in Xittb” (Secretaria de
Medio Ambiente y Recursos Naturales, 2002)

- RussiaLand Degradation in Russia” (Stolbovoi and Fisché&©98)

- South Africa:“‘Land Degradation in South Africa{Hoffman et al., 1999)

All soil degradation GIS maps are based on polygonsimage files and contain
semiquantitative information about extent, degred &pe of degradation (e.g. erosion,
chemical deterioration). Most assessments useceréiff definitions of the impact of
desertification (degree, impact, level); in consaqe, this information was harmonized with
“degree” in this study. Four degree classes ddiirtte scale of degradation effects (see
Annex A) are discerned throughout COMSAD. The mgKhbarin and colleagues (1999a)
contains only three degree classes, with an aggrdgeel “strong and extreme”. This class
was defined as “strong” in the COMSAD dataset, lideo to obtain a rather conservative
estimate. Furthermore, COMSAD contains informatonthe extent of the individual degree

within each mapping unit, i.e. polygon.
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The datasets, containing information in polygonsyenvconverted to a gridded map with 5
minutes geographic resolution. However, the Souiticdn dataset (Hoffmaet al, 1999)

provides only extent classes, i.e. ranges of extentdegree level. In order to integrate this
dataset into COMSAD, the mean value of each range wged to derive the extent of the

according degree level with each gridcell.

For two datasets (van Lynden and Oldeman, 199¢)sthm of all extents per degree in a
gridcell can exceed 100%, due to the basic approat¢hese datasets which quantifies the
extent of degradation according to the type of dégtion. Areas which are subjected to more
than one type are thus also counted more than(@tolbovoi and Fischer, 1998). As it is not
possible to identify the location of these overlagsdcells with the sum of extents00%
have been rearranged in order to match 100% byirngppe extent of the lowest degree
level. (ANNEX A.3.2). The resulting map, COMSAD, asirs the total extent of all
degradation types.

The newly compiled datasets on soil degradatiorevemerlaid with the Humidity Index to
cut out dryland areas. Dryland areas were spatidéfined using the well-established
UEA/CRU Global Humidity Index (Deichmann and Eklimd 991), calculated as the ratio of
annual precipitation and potential evapotransmra{P/PET) (Middleton and Thomas, 1997;
Safriel et al, 2005). According to the definition of desertifice in the World Atlas of
Desertification (Middleton and Thomas, 1997), tleaa included in this investigation are
arid, semi-arid and dry sub-humid climate zonehwitP/PET ratio between 0.05 and 0.65.
Cold, humid and hyperarid climatic zones are exatldHyperarid environments (P/PET <
0.05) are true deserts that are hardly affectetiumgan activities due to their low biological
productivity (Dregne, 2002; Middleton and Thoma8917).

2.2 Modeling NPP losses

This study aims to estimate the NPP losses duessertfication in order to quantify the
human impact on energy and carbon flows in drylaitierefore, it is necessary to quantify

desertification effects on NPP in ecosystems. COMSAnNtains information on the degree
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of desertification in each gridcell. This inforn@ti was used to derive an estimate of NPP

effects of degradation.

NPP losses were calculated by combining the infionan extent and degree of COMSAD
with assumptions on NPP losses according to ddgresds derived from literature surveys
(Table 1), and potential net primary production B)PAs a basis map, the NpPE&stimate for
the year 2000 by Habe#dt al. (2007) based on model runs of the Lund-Potsdara-Jen
dynamic global vegetation model (LPJ-DGVM) (Sitdt al, 2003) with improved
hydrological data (Gerteet al, 2004) was used. These data are provided in alipld with

5 minutes geographic resolution.

The degradation degree levels were interpreteceaeptage losses of NPP in comparison to
NPR, in line with Prince (2002). This is not straigitiard, as most studies on productivity
losses due to desertification refer to agricultlmakes in a broad sense, like yield reductions
or economic decreases (Pimenétlal, 1995). Moreover, the above-described databases
remain vague and give only semi-quantitative infation about the definitions of the
individual degree classes. Only few authors givangtative information on the effects of
degree which can be used to derive factors in tesfBIPP losses. Table 1 summarizes
assumptions by Dregne and Chou (1992), CrossorbjE3tl Oldeman (1998) on agricultural
losses, separately for cropland and rangelandde Tladlso displays the assumptions followed
in this study on how NPP gets lost according toreledevels. As in the minimum-maximum
calculation no information on land use, e.g. croglar grazing, is used, the factors refer to

overall reduction in NPP, regardless of the spedtiind use.

Table 1.Productivity losses according to literature survagd own assumptions used in this study.

o Productivity losses [%)] Productivity losses [%)] NPP losses [%]

Degree Description .

(Dregne & Chou, 1992) (Crosson, 1995 & Oldeman, 1998) (This study)

Cropland Rangeland Cropland Rangeland Minimummese Maximum estimate
1 light / slight 0-10 0-25 15 5 5 25
2 moderate 10-25 25-50 35 18 18 50
3 strong / severe 25-50 50-75 75 50 38 75
4 extreme / very severe 50-100 75-100 Not defined 63 100

"The percentage loss for extreme degree in thig/studot derived by mean value of croplands, butheymean value of the lower range of
croplands and the lower range of rangelands. Inagghat 75% may be too high for a minimum estimate.
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In order to validate the minimum-maximum estimateN®P losses due to desertification, |
calculated a ‘best guess’ estimate, taking spati@plicit data on land use and NPP on
cropland into account. From a global assessmeRAMNPP (Haberlet al,, 2007), a spatially
explicit dataset on NPP on cropland, which is cstesit with national census statistics on
land use and harvest (Krausmaetral, 2008), is available. This dataset was used totifya
degradation effects on NPP on croplands.

Starting point of this assessment is the interseatif the degradation extent in COMSAD
with a global land use dataset on cropland andirggdand (Erbet al, 2007). This dataset is
consistent with FAO census cropland statistics (FAD04) on the country level and
contains, besides information on cropland and goafand, consistent information on built-
up areas, forestry, and untouched areas. Usingl#téset, the proportion of agricultural land
subjected to desertification in each gridcell wakwalated. In some gridcells, the extent of
degradation exceeds the extent of agriculturalsa(eam of cropland and grazing land), an
indication of degradation effects in forests orauthed areas. As the basis approach of this
study is to quantify human-induced soil degradagéfects, and neither climate-induced nor
vegetation degradation effects, this discrepancg elaminated by capping the extent of
degradation at the extent of agricultural areasaoh gridcell. This resulted in a significant
reduction of the degradation extent in compariso@OMSAD, in particular in arid regions
(see below). The extent of degraded agriculturgh am each gridcell was allocated uniformly

to cropland and grazing land according to themtreé weight in each gridcell.

By calculating the difference of the potential NPWPR) and current NPP (NRB on
croplands situated in drylands, | assessed desatitiin effects on croplands. Estimating NPP
losses due to this difference is, of course, a mopigpxy, as NP§is not equivalent to the
production potential of cropland ecosystems, arfécef such as the shortening of the
vegetation period, which are not directly relateddegradation, are subsequently subsumed
under degrading effects. Nevertheless, due todblke of more suitable data on production
potentials, and because this approach is in lirie thie suggestions by Prince (2002), | used
NPR as a proxy of the production potentials on crogldfurthermore, this approach allows
the usage of statistical data and thus of an int#g® dataset. Areas where NRBxceeds
NPR, i.e. areas of intensive agriculture (Habetl al, 2007), were excluded from the
assessment, as on these gridcells no degradatexisebn NPP are apparent. The difference

between NPPand NPR. in each gridcell was multiplied by the area codength degraded
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cropland in each gridcell in order to estimate thEeP losses due to desertification on
croplands.

In contrast to cropland, no statistical data arailalle for the calculation of NPP losses due
to desertification on grazing land. Therefore, railsir approach as for the calculation of the
minimum-maximum estimate was followed. In a firgps NPR.: on natural grazing land was
taken from Haberét al. (2007), based on the potential NPP run of LPJ-DG¥rt artificial
grasslands, i.e. grasslands which are a resularad conversions and are thus situated in
potential forest biomes (Ramankutty and Foley, 1988 LPJ result was reduced by 22%.
This factor was derived from a comparison of meaguwsite data on NPP of grasslands
located in forest biomes (for details see: Hakéeml, 2007). Assuming NPP loss factors of
5%, 18%, 50% and 80% for the degrees 1 to 4, réspbg | calculated NPP losses for each
gridcell per degree-layer of COMSAD. These NPP desare then multiplied by the area
covered by degraded grazing land in each gridcell.

3 Results

3.1 Extent of soil degradation in drylands

According to COMSAD the global extent of deserafion is 11.8 million km? of desertified
areas (Table 2). The amendment of the GLASOD datalmereased the global desertification
extent by 15%. About 23% of the world’s drylands at least to some extent affected by soll
degradation. The semi-arid zone shows the highesne with 4.8 million kmz2, while
desertified areas in the arid and dry sub-humidegoamount to 4.5 and 2.5 million km?2,
respectively. In some regions like Eastern Asia 8ondth-Eastern Asia the desertified area

even increased by more than 50% as a result ohtbgration of new datasets (not shown).
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Table 2. Comparison of the soil degradation maps GLASOD, (3312 and COMSAD-LU
All figures are in million kmz.

desertified area desertified area desertified area
Total dryland area
(GLASOD) (COMSAD) (COMSAD-LU)
Dry sub-humid 12.8 2.2 2.5 2.3
Semi-arid 22.5 4.1 4.8 4.3
Arid 15.5 3.9 4.5 2.9
World 50.8 10.3 11.8 9.5

The intersection of COMSAD with the global land ulsgaset by Erbt al. 2007 (COMSAD-
LU) leads to a significant reduction in desertifioa extent, in particular in the arid zone.
Desertification extent in COMSAD-LU is 20% or 2.3llmn km? smaller than in COMSAD.
The main reason for this discrepancy is due tofdloethat COMSAD identifies large areas
(1.7 million km2?) as desertified in zones which arassified as wilderness and non-
productive areas in Ent al. 2007, the lion share of which are situated inahé zones. The
remaining mismatch of 0.5 million km? (4%) is adated with the intersecting procedure
which caps the extent of degradation at the extémigricultural areas in each gridcell (see
above).

The final map of COMSAD (Figure 1) shows the defeation extent in percent per gridcell.
Large parts of the Sahel Zone, the Middle Eastybstern part of Russia and Mexico as well
as some parts in India, Pakistan and China indidasertification extents between 80% and
100%. China shows the largest extent of soil degjrad in drylands with more than 1.7
million km2. This amounts to almost 90% of the tategraded area in Eastern Asia or 30% of

the whole Asian continent.
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Figure 1.Extent of degraded areas of COMSAD in percent pieicgll

23% of the global drylands are subjected to ddamtion, with significant regional variation.
Among the most affected regions are Eastern & S&abtern Europe and South-Eastern
Asia, with 55% and 45% of their dryland area a#elcby desertification. Nevertheless, the
absolute extent of drylands in these regions ispaatively small (700.000 km2 and 111.000
kmz2, respectively). Sub-Saharan Africa, for examptenprises over 11 million km2 drylands,
2.6 million km? (23%) of which are affected by desieation. In the other regions (Northern
America, Latin America & the Caribbean and Oceamaluding Australia) the extent of

desertification is below the world average with 11%% and 13%, respectively (Table 3).

The degree levels “light” and “moderate” are thendwant classes and sum up to 80% of the
total degraded area in drylands. In Oceania, Alist@nd Northern America these two
categories account for almost all (98%) desertifica areas, and with the exception of
Central Asia and the Russian Federation, at €zt @f the desertification area is comprised
by these degradation degrees. In the latter casmnaiderable area of desertification is
affected within the degree classes “strong” andréare” (61% of total desertified area in this

region).
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Table 3.Extent of dryland degradation within COMSAD claseéslegradation degrees

Dryland area Degradation degree Total
light moderate strong extreme

[1000 km?] [1000 km?] [1000 km?] [1000 km?] [10G@n?] [1000 km?] [% of drylands]
Northern America 5 375.07 035. 468.59 12.16 - 606.78 11
Latin America & the Caribbean 6 426.15 529.35 589.31 79.91 7.24 135 19
Western Europe 517.84 289. 66.03 12.77 - 128.06 25
Eastern & South-Eastern Europe 704.75 81.24 270.23 36.53 3.04 391.03 55
Sub-Saharan Africa 11 384.25 15862. 1128.17 354.01 62.36 2 597.09 23
Northern Africa and Western Asia 3573.01 241.05 665.40 300.06 - 1206.51 34
Central Asia and Russian Federation 7 330.3 184.31 372.70 329.95 544.70 431.66 20
Eastern Asia 4169.24 1185.99 238.67 445,51 16.99 1887.16 45
South-Eastern Asia 111.72 8.85 31.31 431 0.59 45.18 40
Southern Asia 4 650.98 590.13 616.48 171.38 59.25 1437.24 31
Oceania and Australia 6 568.21 828.66 22.07 Qut. 4.17 865.95 31
World 50 811.53 4 877.43 4 468.95 1757.77 338. 11 802.49 23




3.2 Net Primary Production losses on desertified areas

According to my minimum and maximum estimates, po# NPP losses due to human-
induced desertification amount to between 799 Tgyr @hd 1973 Tg Clyr (Table 4). This
means that at least 1.22% of global terrestrial NB*Rabout 4% of the potential net primary
production in drylands is lost due to desertifioati The maximum estimate represents a
significant impact on dryland ecosystems with mtin twice the NPP loss of the minimum
calculation. Both calculations indicate that thgheist absolute amount of NPP is lost in the
semi-arid zone. More than 50% of the total lossucx@n this climate zone. The ‘best guess’
estimate is that 965 Tg C/yr or 4.91% of NPR dryland areas are lost due to desertification.
It is notable that the minimum estimate has highBIP losses in arid areas than my ‘best
guess’ estimate, which results from the exclusibacge wilderness and non-productive

areas in the ‘best guess’ calculation.

Table 4.Detailed breakdown of absolute net primary produrctialculations with regard to climate zones

Units Arid Semi-arid Dry sub-humid Total
Area [million km?] 15.5 225 12.8 50.8
NPR in drylands [Tg Clyr] 2053 9691 7 886 19 630
Minimum estimate
NPP losses [Tg Clyr] 89 413 297 799
(% of total NPR
NPP losses . 4.34 4.26 3.77 4.07
in drylands)
Maximum estimate
NPP losses [Tg Clyr] 251 1005 716 1973
(% of total NPR
NPP losses 12.24 10.37 9.08 10.05
in drylands)

'‘Best guess' estimate

NPP losses [Tg Clyr] 86 515 364 965
(% of total NPR

NPP losses . 4.17 5.31 4.62 491
in drylands)

Sources: Habest al. (2007); own calculations

The map presented in Figure 2 shows the worldwigsedification-induced NPP loss in

drylands of the ‘best guess’ analysis as percent&dPR. My findings show reductions up
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to 85% of NPB, especially in the Central Asian region and thessfan Federation. About
2.5% of all degraded areas in the COMSAD map showBP loss of over 50%. Despite
these extreme values, most regions only indicgisoductivity loss of about 0-5% of NRP
The largest reductions of potential productivitgwicon the Asian continent. More than 50%

of all degraded areas and almost 50% of total NBBeks are localized in Asia.

NPP losses
[% of NPPu]

n

0%

Figure 2. Global net primary production loss due to soil @ekgation in drylands.

The gridcells show NPP losses as percentage of MP#@ 'best guess' estimate with a high valugséb.

A regional breakdown (Table 5) gives information mgional variations of productivity
reductions. The maximum estimate shows that higlflgcted areas in South-Eastern Asia
and Eastern & South-Eastern Europe reveal losses50fg C/m?/yr and 141 g C/m2/yr
respectively, with regard to the overall drylandain these regions. In contrast, in Northern
America, Oceania and Australia the prevailing huamaluced productivity reductions only
account for 11-21 g C/m3/yr on drylands. The mimmapproach results for all regions in
considerably lower losses per dryland area and \@ast of the regions have losses below 20
g C/m2/yr. The situation in the ‘best guess’ cadtioin is similarly low, but here drylands in
South-Eastern Europe appear to be the heavily tatffewith 103g C/m2/yr, as well as
drylands in South-Eastern Asia with 94g C/ma/yr.
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Table 5.Net primary production losses per dryland areapre breakdown

Dryland area Minimum estimate ‘Best guess’ estimateMaximum estimate

[‘g’egfrfaegéfg g]v [g C/ma/yr] [g C/malyr] [g C/ma/yr]
Northern America 16% 7 9 21
Latin America & the Caribbean 30% 15 15 45
Western Europe 34% 19 35 54
Eastern & South-Eastern Europe 68% 52 103 141
Sub-Saharan Africa 31% 15 19 38
Northern Africa and Western Asia 62% 13 20 34
Central Asia and Russian Federation 27% 34 34 60
Southern Asia 39% 17 23 43
South-Eastern Asia 52% 56 94 150
Eastern Asia 66% 13 12 40
Oceania and Australia 27% 3 4 11
World 35% 16 19 39

Table 6 shows a detailed analysis of area-relatel Msses on cropland and on grazing land,
according to the ‘best guess’ estimate. Overalipativity loss in croplands with 468 Tg C/yr
almost equals the NPP loss in grazing lands with B§ C/yr, though croplands only occupy
2.5 million km2 or about 26% of the total degradkahd. Significant differences in
productivity reductions are found between graziagdl and croplands. Croplands lose on
average about 14% of their potential NPP, while rdductions on grazing lands average
approximately 5%. The annual net primary productbange per cropland area ranges from
28 g C/m2/yr in Northern America to 197 g C/m2/grSouthern Asia. Croplands of Eastern
Asia seem to be rather unaffected by desertifinatioth about 1% reduction within the land-
use classOn grazing lands, approximately 18 g C/m?/yr art hue to desertification with
regional variations from 3 g C/m2/yr in Oceanigb®g C/m?3/yr in Eastern and South-Eastern
Europe. In both land-use categories the highestepésige losses appear in Eastern and
South-Eastern Europe with 29% on croplands and & $otential primary production on

grazing lands.
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Table 6.Area related NPP losses (‘best guess') on graaimtfydnd on cropland, regional breakdown

Grazing land Cropland
Area NPR NPPloss  NPPloss Area NPR NPPloss  NPPloss
[1000 km?] [g C/m?/yr] [g C/m&/yr]  [%] [1000 km?] [g C/m2/yr] [g C/m&lyr]  [%]
Northern America 2774 339 8 3 971 517 28 5
Latin America & the Caribbean 3544 535 17 3 499 630 77 12
Western Europe 175 495 25 5 207 503 65 13
Eastern & South-Eastern Europe 183 542 58 11 392 540 158 29
Sub-Saharan Africa 7411 415 20 5 867 561 75 13
Northern Africa and Western Asia 1366 228 20 9 592 371 71 19
Central Asia and Russian Federatign 4095 307 34 11 1136 486 99 20
Southern Asia 2067 220 11 5 1619 407 51 13
South-Eastern Asia 47 805 54 7 40 781 197 25
Eastern Asia 2433 277 20 7 409 457 2 1
Oceania and Australia 2848 336 3 1 375 439 40 9
World 26 943 363 18 5 7 110 483 66 14

4 Discussion and Conclusion

This study was carried out to obtain a spatiallplieX dataset on net primary production
losses due to human-induced desertification. Ireotd perform a detailed analysis of the
effects of human-induced desertification on the N#Riryland ecosystems, | combined
biophysical parameters of desertification and manary production with socio-economic
datasets of land use in the ‘best guess’ estimalfiba results of 965 Tg C/yr with a possible
range of 799-1973 Tg Cl/yr give evidence for a notghy human impact on potential
productivity. This means that about 5% (4-10%)haf potential productivity in drylands is
lost every year due to human-induced desertificatichese findings are significantly lower
than previous estimates by Vitousetkal. (1986) with 2250 Tg C/yr, especially the minimum
and the ‘best guess’ estimates. Considering theuatmaf NPP lost due to desertification in
the light of a recent global HANPP assessment (Habe al, 2007), the ‘best guess’
calculation contributes about 6.7% to the total Nippropriated by humans (Table 7). This is
slightly lower than the estimate by Vitousekal. (1986) (7.7%), but considerably lower than
the maximum estimate which contributes about 13t6%ANPP. These differences can be
explained by more recent databases on NPP anditleagon extent used in this study, and
by a generalized assumption of Vitousstkal. (1986) on productivity losses, regardless of

degradation levels.
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Table 7.Regional breakdown of NPP losses due to desettditan relation to NPPand HANPP

Global area Dryland arJaonlng\}’i de (li\lrslgjr:gs Wgﬁ‘ d’\\‘/vﬁcii)e* NPP losses (range) NPP losses (range)

[million km?] [million km?] | [g C/m&yr] [g C/m2/yr] [g C/mZyr]|[% of NPR in drylands] [% of HANPP]
Northern America 18.5 5.4 432 408 95 2AB8-5.1) 2.9(2.2-6.4)
Latin America & the Caribbean 20.3 6.4 811 623 612 2.4 (2.5-7.2) 3.8(3.9-11.2)
Western Europe 3.7 0.5 551 499 222 137-10.7) 2.2(1.2-3.4)
Eastern & South-Eastern Europe 2.2 0.7 597 543 1 3] 19.0 (9.5-25.9) 10.6(5.3-14.5)
Sub-Saharan Africa 24 11.4 562 399 104 {377-9.4) 8.6 (6.7-17.1)
Northern Africa and Western Asia 10.3 3.6 83 180 35 10.8 (7.1-18.8) 19.3(12.8-33.6)
Central Asia and Russian Federation 20.5 7.8 405 93 3 47 8.7 (8.6-15.4) 26.0(25.7-46)
Southern Asia 6.7 4.7 382 279 240 g&1-15.5) 6.6(4.9-12.5)
South-Eastern Asia 45 0.1 1022 804 304 1T718.7) 0.8(0.5-1.2)
Eastern Asia 115 4.2 363 249 126 48B1-16) 3.4(3.7-11.5)
Oceania and Australia 8.4 6.6 455 351 51 foor-3.1) 5.6 (3.9-16.5)
World 130.4 50.8 502 386 111 40@.1-10.1) 6.7 (5.5-13.6)

Sources: Habest al. (2007); own calculations

“excluding human-induced fires

As shown in Figure 2, NPP losses due to human-ediuesertification are distributed in
geographical patterns, especially on the regiondl sub-regional level (e.g. the European
part of Russia, the Inner Mongolia Autonomous Regio the Iberian Peninsula, which are
highly affected regions within their macrogeograyaihi division). A macrogeographical
comparison (Habertt al, 2007; UNSD, 2006) of potential productivity lossend regional
HANPP calculations (Habedt al, 2007) shows the varying efficiencies of humardase

activities and the magnitude of desertificationhivitthe total appropriated NPP (Table 7).

In Central Asia and the Russian Federation potieptaductivity losses due to desertification
have a moderate to high impact on NRPdrylands (9%), and contribute strongly to total
HANPP (with over 25%). While HANPP is relativelywan the whole region (12% of NBR

a significant amount of productivity losses restitsn desertification. A similar situation can
be found in Northern Africa and Western Asia. Bast@nd South-Eastern Europe has the
highest reductions of potential NPP in dryland snedh 19%, as well as the highest amount
of NPP losses per area (Table 5). Consideringthiategion shows a highNPR ¢ value and

a high HANPP value, and a noticeable share of Ni3Bek of regional HANPP, it becomes
obvious that this region has large productivityemdtions which are lost through human
mismanagement. In contrast, in industrialized neglibke Northern America and Australia
NPP losses are rather small with 2% and 1% of pieleNdPP, respectively. In both regions
NPP losses as a share of HANPP remain below thmlghverage (6% and 3%, respectively).
The situation in South-Eastern Asia should be eatalli carefully. Although the contribution
of NPP losses to HANPP is almost negligible (0.8&ohas to be noted that this region only
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has about 2% dryland area. Thus, losses due totifieagon appear to be a local, but not a
regional problem, which reduces potential produtgtiin drylands by 12%. In Eastern Asia
and Sub-Saharan Africa reductions of potential NiR® remarkably smaller than in South-
Eastern Asia. In both regions the NPP losses atdoubf%, which equals the global average.
However, land-use activities differ significantiNhile land-use induced productivity losses
(ANPRc) in Eastern Asia are small (Habest al, 2007), as are NPP losses due to
desertification (3% of HANPP), Sub-Saharan Afrisacharacterized by large reductions of
NPP (11% of HANPP) due to desertification and gdashare oANPRc in total HANPP
(Haberl et al, 2007). The results of NPP losses due to desatiibn, interlinked with the
findings of regional HANPP, provide a good basis &valuating the efficiencies and
mismanagements of agricultural areas in drylandenlf some areas appear only slightly
affected in their potential productivity, there cam a great potential to increase agricultural

production.

These regional variations of NPP losses due tortifgsstion and the multiple effects on the
environment and society are driven by multiple destand underlying causes (Geist, 2005).
The dominant cause is agricultural activity witt®8% probability, including grazing and
cropping, but desertification can be best explaibgda combination of several variables
rather than by a single one (Geist and Lambin, 20D4e findings in this study underline the
regional and local agricultural pressure resulimglesertification. Various human activities
trigger different desertification processes. Wiliteoveruse of chemical fertilizers and heavy
machinery in the former communist era highly a#elcEastern- and South-Eastern Europe as
well as the western part of Russia by soil compacterosion and soil pollution (Bouned
al., 1998; van Lynden, 2000), regions in Eastern Asiffered from insufficient use of
fertilizers during intensification periods (Jiont999). In both regions, desertified land was
abandoned which has led to a per capita decreaagricultural production (Ramankutet

al., 2008). In regions where agricultural areas shoaedimpressive growth in drylands
during the last decades (e.g. Northern Africa andsi&n Asia, Rosegramt al, 2001),
desertification processes like salinization, wasmd wind erosion occurred due to the
depletion of water resources caused by intensingation (Abahussairet al, 2002; El-
Beltagy, 1999; Ma and Ju, 2007; Saiko, 1998; Yourg94). Human-induced desertification

effects on grazing land can be mainly identified lagge expansions of livestock sectors
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resulting in overgrazing, which may trigger soilngeaction and erosion effects (Collado,
2001; Huber-Sannwalet al, 2006; Ma and Ju, 2007; Ojineaal, 2004)*

All the above-mentioned land-use practices and rémilting desertification effects can
significantly alter potential productivity. Whilentensively used croplands, optimized by
fertilizers and well-managed grazing areas, caraecd aboveground and belowground NPP
(Haberl et al, 2007; McNaughton, 1985; Pandey and Singh, 1994;jill6 et al, 2006),
various land-use activities and landscape moditioathave detrimental effects on potential
NPP (DeFries, 2002; Folest al, 2005; Haberkt al, 2007). The steady growth of population
and the increasing demand for food and fiber wilit purther pressure on terrestrial
ecosystems, especially in drylands. This pressesalting from human land-use activities,
can lead to desertification processes and theretora permanent decline of potential
productivity (Prince, 2004). This amount of NPHast for further land-use practices which

sustain human needs.

These needs are likely to increase on a globaésoabst likely in highly populated dryland
areas in developing countries and countries asthge of economic take-off. It is projected
by IFPRI's IMPACT model that the food and feed dechdor cereals will increase by over
100% in developing countries in the period from 398 2020. The largest increases in
cereals, meat and tubers are expected in Sub-$ahA#rea with about 120% for cereals and
140% for meat (Pinstrup-Andersenal, 1997). On a global scale, including also non-aingll
areas, a net increase of 120 million ha agricultaraa is projected until 2030 (FAO, 2003),
mainly in areas of Latin America and Sub-SaharamicAf (Alexandratos, 1999). In
comparison, some Asian regions, like Southern andiSEastern Asia, already showed great
expansions of croplands during the twentieth cenfueperset al, 2005; Ramankuttgt al,
2008) and have barely spare land left for furthgmicaltural expansion (FAO, 2003). Other
studies estimated that approximately 900 million dfacroplands and pasture lands are
necessary to fulfill the needs of the world popolatuntil 2050 (Tilmaret al, 2001). Recent
calculations show that 1.8 billion ha could proviteleast a minimum level of cultivation
(FAO, 2003), although spare land, currently ungated, may be overestimated (Young,
1999).

! More detailed information about regional variationf desertification causes and processes can urel fim
Barrow (1991), Mainguet (1991), Dregne (2002) oisG€005).
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To fulfill the ongoing demand for ecosystem sersi@d goods in drylands, there is an
urgent need to improve the agricultural output #mel efficiencies of HANPP. NPP, a key
parameter of ecosystem functioning, is essentigraviding ecosystem services. As shown
by Haberlet al. (2007), efficiencies can be seen by the ratio afvésted NPP and total
HANPP. A decrease of land-use induced productigianges would enhance this ratio.
Improvements can be achieved by enhancing restarati desertified areas, by reducing
land-cover conversion of prime agricultural landindrastructure areas and by increasing
agricultural efficiencies and the usage of unusddaeted biomass (Krausmaen al, 2008;
Lal et al, 1989; Lal and Stewart, 1990). Furthermore, addél measures to increase
harvests are suggested. Some croplands in Sub&baAéica only show an NPP of about
10-30% of potential NPP due to insufficient amouitgertilizers (Vlek, 1995). Considering
that local small-scale farmers often have goodll&cawledge and techniques to manage
resources like water and soil fertility, the useadequate amounts of fertilizers is frequently
determined by world market prices (Tiffen and Mmdre, 2002). Improved grazing land
management may control desertification effects, aanb livestock productivity and
ameliorate the ecosystem productivity which prosidecial security during climate impacts
like droughts (IPCC, 2007). Taking into accounttttias study shows regional productivity
losses of up to 19% of potential NPP and that theseregional NPP losses which amount to
26% of the total HANPP, there seems to be greanpal to improve desertified areas.

The world map presented in Figure 2 presents arvieve of regional and local distributions
of productivity reductions due to desertificatidtithough these results correspond to regional
assessments of NPP alterations and desertificgirooesses, the estimates have to be
evaluated carefully. This study presents a firgpsto interlink a ground-based study of
desertification with a global model of net primgrgoduction, an important parameter for
ecosystem performance, but the quality of the tesuhinly depends on the quality of input
data. By harmonizing soil degradation datasets, oasiple deviation of 7% of the
desertification extent occurs in Southern and S&astern Asia (cf. Middleton and Thomas,
1997). The combination of land-use datasets @rhkl, 2007) and the COMSAD map to
COMSAD-LU resulted in an area reduction of abouc2@mpared to COMSAD, which can
be explained by exclusions of wilderness and naictive areas. The remaining mismatch
is considered to result from inconsistencies betwlemd-use data and the desertification
extent of COMSAD. Although the resulting area of @®AD-LU falls well within the range

of the global desertified area suggested by Sadtial. (2005), there remains the possibility
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of some weaknesses, either of soil degradationseitsteor of the global wilderness map
(Sandersort al, 2002). Furthermore, the inconsistencies can péamed by different years
of assessment. While the land-use maps refer to/eae 2000, the data on desertification

extent were assessed in different years (Table A8}t of them before the year 2000.

Another uncertainty concerns the global extentaif degradation. | updated the base map
GLASOD with regional, more recent datasets duehwo driticisms of possible limitations,
overestimations and subjectivity (Helldén, 1991ni$eveld and Dent, in press; Warren and
Olsson, 2004). While Eurasia (except Western Eyroyss completely replaced by more
recent maps, it was not possible to derive appatgmaps for Northern America, Australia,
Latin America and the Caribbean (except Mexico)rthern Africa and Sub-Saharan Africa
(except South Africa). Therefore, GLASOD data weased for these regions, considering the
possibility of inaccuracy, especially in the higlidgbated Sahel Zone (Helldén, 1991). While
GLASOD indicated large areas to be affected by hismduced desertification, several
studies based on remote sensing technology (Herrmtaal, 2005; Nicholsoret al, 1998;
Obaet al, 2001; Princeet al, 1998; 2007) did not find evidence for widesprdamnan-
induced desertification effects. They explained thgetation changes by climate variability
in the highly dynamic drylands in the Sahel. A ¢gvased comparison of NPP reductions
(remote sensing data) and GLASOD soil degradateta groved high spatial correlation in
the Sahel Zone (Prinast al, 1998). Weak correlations with GLASOD pixels owlgcurred

by using aggregated output data on extent and isevéhese aggregated classes give an
excellent overview for policy makers, but it is impglification of degradation information
(Oldeman, 1994) and may explain the weakness irstidustical tests (Princet al, 1998).
Following these conclusions, the present study arslgd the exact extent and the defined
degree in each gridcell rather than categoriesggremated classes, which would probably
raise reliability of GLASOD. This was confirmed byy analysis of NPP losses in the
“Sahelian Acacia savanna” (Olsenal. 2001) which shows NPP losses of about 6.5% of the
potential NPP. This is only slightly above the wiovide average, but below the NPP losses in
Europe, Northern Africa and most regions in Asial{lE 7). These results conform to the
above-mentioned remote sensing studies in the Jaimel and demonstrate that, high extents
of soil degradation did not necessarily lead tchhegnounts of NPP losses in cases of low
degradation degrees. This is in line with DeFeesl. (1999) who calculated only a small
amount of carbon loss on grasslands and shrubktithugh large areas were affected by

degradation. Results from other recent studiesrodygtivity reductions in Southern Africa
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(Prince, 2004; Wesselst al, 2007) showed that their remote sensing data weite
compatible with the expert assessment by Hoffieiaal. (1999) and with GLASOD (Safriel,
2007).

These discrepancies in quality of input data shbat there is an evident need for more
accurate global data on desertification. Forthcgmassessments should combine global
satellite-derived studies (e.g. Evans and Geerk@d4; Wesselst al, 2007) or productivity
models, like LPJ-DGVM, with recent local and regbground studies linking biophysical
and socio-economic attributes to achieve advancenrenthis multidimensional issue
(Reynoldset al, 2007). Alterations of global NPP data may leadrisinterpretations of
human activities without an evaluation of landscdp&a. Short-term climate variations, land
abandonment for rehabilitation, intensification afltural areas or well-managed grazing
areas can increase or decrease potential net griptaduction, even if no desertification
processes occur (Evans and Geerken, 2004; Habeail, 2007; Trujillo et al, 2006). The
prevailing study combines ground data of soil ddgt@an and modeled NPP datasets from
the LPJ dynamic global vegetation model refinedhwéiocio-economic statistical data.
Therefore, this assessment provides a first stepartts a comprehensive quantitative
evaluation of human-induced desertification proesss believe that losses of potential NPP
give a good evaluation of the effects of desedtfam on human well-being. A gridded world
map of desertification gives a spatially expliciteoview of regional variations and can be
best compared to other GIS maps concerning ecosydteerioration, human impact or land-
use systems (e.g. Edb al, 2007; Haberét al, 2007).

Making progress in assessing and monitoring ddéisation will provide a useful basis for

further decisions in landscape modifications aniiciehcy improvements, most likely in

Africa. Lessons about hampered ecosystem serviaasbe learned from regions where
human overuse and mismanagement have alreadyaiated NPP. Although desertification
is interlinked with global change problems and eamonomic issues and causes
environmental feedback loops and off-site effedesertification is not only a global concern
(Puigdefabregas, 1998). Due to regional variatiohslegradation drivers and biophysical
consequences (Reynolds al, 2007), desertification is mainly a local problevhich needs

local solutions (Gisladottir and Stocking, 2005)arfRers in dryland areas have great
experience in coping with their environmental dita (Mazzucato and Niemeijer, 2001,

Stocking, 2003), but often they only need more suippn world markets and better prices for
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agricultural products to develop new strategies haddle overexploitation (Koning and
Smaling, 2005). Global and local decisions on cdimmbadesertification can improve the
situation of global food security and means an irfgu step towards sustainable

development.
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Annex A — Methods and Databases

This Annex describes the methods that have beed tsenodify, analyze and compile
several databases calculated in geographical ifioom systems (GIS) in order to quantify
net primary production (NPP) losses due to desetibn. Carrying out such a spatial explicit
analysis of productivity alteration implies a weltablished dataset on desertification extent
and degree. For this reason, the starting poirthisfassessment was the GLASOD (Global
Assessment of Soil Degradation) dataset (Oldeetaal, 1991) which provides the only
global available information on soil degradatiormwéver, GLASOD is criticized by its over-
generalization and lack of data reliability (e.gaién and Olsson, 2004). Considering this
fact, it was inevitable to update this map withtbesilable recent datasets to obtain a more
accurate database for further calculations. Thelyn@ompiled map was combined with
estimates on productivity losses and potential NealRsulated with the Lund-Potsdam-Jena
dynamic global vegetation model (LPJ-DGVM) in a lgb grid with 5 min geographic
resolution (approximately 10x10 km at the equatoesertification-induced NPP losses were
calculated by applying a set of factors dependimghe extent and severity of desertification
in each grid cell according to the above-mentiodesertification map. In order to consider
uncertainties | derived minimum and maximum estesateflecting possible errors in
available input data. The results of the minimurd araximum estimates were crosschecked

by a “best estimate”, which was refined with soeamnomic data for the year 2000.

A.1 Defining desertification

The definition of desertification has developedtighout the last decades and regarding to
the research issue which was focused on. Reynabds Stafford-Smith (2002) did an
excellent review on the variety of definitions adsgrtification. The most common definition
of desertification was determined by the United ibl®d Convention to Combat
Desertification (UNCCD) a8land degradation in arid, semi-arid, and dry subhid areas
resulting from various factors, including climatv@riations and human activities{(United
Nations, 1994, p.4). Furthermore the CCD defined ldegradation as“aeduction or loss of
the biological or economic productivity and comjtyexof rainfed cropland, irrigated
cropland, or range, pasture, forest and woodlaneisutting from land uses or from a process
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or combination of processes, including processesiray from human activities and
habitation patterns, such as: (i) soil erosion cadidy wind and/or water; (ii) deterioration
of the physical, chemical and biological or economroperties of soil; and (iii) long-term

loss of natural vegetation”

The aim of this study is to quantify the human ictpan net primary production due to soil
degradation in dryland ecosystems, not considedfingatic variations. Productivity losses in
consequence of degradation are closely couplellaxatons of soil resources (Nabhetnal,
1999). One of the main soil functions is biomassdpction, needed for food, fodder and
renewable energy. Therefore a transformation of fhinction is closely linked to human
activities like agricultural production (Blum, 1998/egetation degradation is excluded is this
assessment taking into account that alterationgegétation production in drylands are often
short term dynamics (Ramankutst al, 2006) and therefore climate variability often
underlies desertification (Reynolds and StaffordtBn2002). Dryland ecosystems are highly
dynamic with strong, interannual rainfall variatorfe.g. Le Houérowet al, 1988) and
vegetation productivity mainly depends on precimta (Cao and Woodward, 1998; Saa
al., 1988), especially in the semiarid zone (Herrmanal, 2005; Wesselst al, 2007). In
areas where soil degradation is not serious, vegetaan recover soon after precipitation
(Ayoub, 1998).

Furthermore several criteria of vegetation degiadalike a change in plant composition
(Hoffman et al, 1999; Kharin, 2002) do not necessarily resultNRP losses. Shrub
encroachment in grasslands and therefore spatshtbns of nutrient distribution indicate an
increase of desertification processes like soilsierg but this vegetation shift does not
actually result in a significant change of net mmn production (Huenneket al, 2002;
Schlesingeet al, 1990). Analyzing shrublands and grasslands imipus studies showed no
significant difference in the mean annual produttjvbut high interannual variations in
aboveground primary productivity (Jobbagy and S2080). Considering land-cover changes
to croplands a recent assessment showed that ivegnased agricultural areas can show a
higher productivity than the potential vegetatioefdre land cover change (Habet al,
2007). In this context and in the focus of my resleasoil degradation in drylands is termed
in this assessment also as desertification orysakdegradation.
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Following the definition by CCD that desertificatiaccurs in arid, semi-arid and dry sub-
humid zones, these three climate zones had todadized within the selected degradation
datasets. Although some authors defined these teimanes only by isohyets (e.g. Le
Houérou, 2001; Mainguet, 1991), this study usedwké#-established ratio between annual
precipitation and potential evapotranspiration BVR also known as Aridity Index or Global
Humidity Index. The ratios of the UEA/CRU Global Hidity IndeX (Deichmann and
Eklundh, 1991) can be seen in Table Al. For théoget951 to 1980 the monthly values
were averaged to draw a map based on mean anntgaitipb moisture. The calculation of
PET follows the method of Thornthwaite (1948), thousome improvements have been
made. The hyper-arid zone boundary shifted fron8 @@ 0.05, because the Thornthwaite
method is known to underestimate PET in very dgyars (Middleton and Thomas, 1997).
Although hyper-arid environments formally belonghe drylands, | excluded them from this
assessment because they are hardly affected bynhaotwities due their low biological
productivity and therefore by human-induced deleation (Dregne, 2002; Middleton and
Thomas, 1997). In contrary, recent reports encosgzhthe hyper-arid zone in their definition
of desertification (Leperst al, 2005; Millennium Ecosystem Assessment, 2005). ddid

and the humid zones are not considered in thig/stud

This dataset was converted to a gridded GIS databath 5x5 minutes geographical

resolution to adjust this map to the other dataaeidescribed below.

Table A 1.Classification of the Humidity Index

Climate zone P/PET ratio
Hyper-Arid P/PET < 0.05
Arid 0.05 < P/PET < 0.20
Semi-arid 0.20 < P/PET < 0.50
Dry sub-humid 050 < P/PET < 0.65
Humid 0.65 < P/PET

Areas that have more than six months
of an average temperature below 0
Cold degrees and not more than three
months where the temperatures reach
above 6 degrees
Source: Deichmann and Eklundh (1991)

2 The Global Humidity Index from GRID and UEA is d@eable online at UNEP GRID Data Portal
(http://www.grid.unep.ch/data/)
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A.2 Desertification and HANPP

HANPP, an abbreviation for “Human Appropriation [gét Primary Production”, is a well

established indicator to measure human influenceansystem energy flows. Net primary
production (NPP), the net amount of biomass pralidg plants in a given time through
photosynthesis, is appropriated by humans to stigheir socioeconomic needs. Therefore

the energy remaining in ecosystems for furthersti@mwithin trophic levels is reduced.

HANPP was introduced by Vitousek al. (1986) and further used in several studies within
the last two decades on global scale (Hadteal, 2007; Imhoffet al, 2004; Rojstaczest al,
2001; Wright, 1990) as well as on national or losedle (Haberét al, 2001; 2004b; 2005;
O'Neill et al, 2007; Prasad and Badarinth, 2004), though methadsdefinitions varied in
these studies (Habe#dt al, 2002). Following the most recent assessment, HAN®
calculated as the difference of potential primamydoiction (NPE) and the actual prevailing
NPP (NPR:) remaining in ecosystems after harvest (NPRence HANPP is the sum of
vegetation harvested (NRPand land-use induced productivity changes inclgdsoil
degradationANPR ¢) (Haberlet al, 2004a; Habert al, 2007)and can thus be expressed by

the following formulae:

HANPP = NPR— NPR

with

NPR = NPR.— NPR,
or

HANPP =ANPRc + NPR,
with

ANPRc = NPR— NPRt
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In their pioneer work Vitouseé&t al. (1986) analyzed desertification as a major compboé
the net primary production altered by land-use gean(here defined aaNPR¢) and
therefore of HANPP. This study aims to complemestiits of a recent comprehensive global
HANPP assessment (Habet al, 2007), assessed in a Geographical Informatiornie8ys
(GIS). Further | wanted to develop a more accumatthod to calculate net primary
production alterations caused by human impact yladd ecosystems compared to the rather
simplified calculation by Vitouselet al. (1986). Though they calculated only an overall
estimate, it has to be noticed that they used #s¢ #vailable datasets. Yet there is still room

for further improvements which mainly depend onufatdata developments.

A.3 Degradation datasets

The starting point for this GIS-based analysisefrdded areas in the world drylands was the
“World map of the status of human-induced soil dégtion” based on GLASOD (Oldeman
et al, 1991). With respect to the probable inaccuracyg &mitations of this database
(Oldeman and van Lynden, 1998; Olsson, 1993; Saideand Dent, in press) | updated the
GLASOD map with more specific and more recent regiodatasets (Table A7) like the
“Assessment of the Status of Human-Induced Soilr@dation in South and Southeast Asia”
(ASSOD) (van Lynden and Oldeman, 1997), the “Sailnérability Assessment in Central
and Eastern Europe” (SOVEUR) (van Lynden, 200@gsertification map of Asia (Kharet
al., 1999b) and with national datasets from Mexicoc(8&ria de Medio Ambiente y
Recursos Naturales, 2002), Russia (Stolbovoi aachEr, 1998) and South Africa (Hoffman
et al, 1999). The newly compiled map on degradation evaslayed with the GIS map of the
Humidity index to derive a map for soil degradationdrylands (hereafter referred also as
desertification). This map is hereafter denominatedCOMSAD” (COmpiled Map of Soil
degradation Assessments in Drylands). The spetidite and the modifications of each

database to derive COMSAD are discussed below i mhetalil.
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A.3.1 GLASOD

The GLASOD dataset was the first comprehensivedsgradation map at the scale of 1:10
M (average) tdcreate awareness of the present status of soifaldgfion for policy-makers,
decision-makers, and the general public at larg@ldemanet al, 1991). Over 250 scientists
around the world assessed the extent, the dedreeate, different causes and degradation
types of soil degradation. The information on ddgteon refers to the change of soaill
condition in the post World War Il period. The assed data were later on transferred to a
GIS database. Oldemast al. (1991) set four types of soil degradation inclgdseveral
subtypes: wind erosion, water erosion, chemicard®iation and physical deterioration. Each
type was classified by its degree and its exteimé. dxtents of the affected mapping units were
aggregated to five classes (0-5%, 6-10%, 11-25%5@6, more than 50%). The degree,
which describes the status of the soils to whiay thre presently degraded, is classified in
four categories (light, moderate, strong, extreni@.obtain a rather uniform assessment,
Oldeman (1988) provided general guidelines withisgumantitative criteria for the degrees of
each degradation type. The GLASOD data and thd fewort can be downloaded from

http://wwwe.isric.org.

The main output of the GLASOD map contains infoioratabout four severity classes
(slight, medium, high, very high) of human-inducedil degradation. The parameter
“severity” is an index, combined by the degree #relextent categories of degradation (for
more information see: Oldemanal, 1991). Though the severity gives an excellent\oew

for policy-makers, it is a simplification of degettbn information (Oldeman, 1994). For this
reason the exact extent and the degrees were ddrime the dataset and used for further

calculations rather than categories or indices.

To calculate spatial explicit productivity losses desertified areas, it is crucial to use GIS
datasets with spatial allocation of soil degradatibherefore and regarding the compatibility
with NPP datasets and land-use datasets, the GLA&Dd3et was rearranged from polygons
to a global grid with 5 minutes geographic resolutiEach gridcell located in a certain map
unit (polygon) of the original map was assigneddbgradation extent in percent per gridcell,
based on the proportion of the degraded areasetdothl area of this polygon. For further

calculations, this map was used to create fourrsaps (also called “layers” in GIS analysis),

one for each degradation degree. The extents afegjtadation types affected by the same
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degree were summed up to each layer. These fous mape overlayed with the Humidity

Index to obtain the extent in soil degradationnylahds (desertification).

These steps to create a gridded map on soil dagrada drylands were repeated in each
other dataset combined with GLASOD as describedvibetaking into consideration the

specific differences of each database.

A.3.2 ASSOD
The ASSOD database (van Lynden and Oldeman, 19%% eveated as a follow-up

assessment of GLASOD. The main objective was teldgvan improvement of GLASOD on

a regional scale for South and Southeast Asia K1)5The GLASOD methodology was

modified to put emphasis on the impact on agricaltproductivity, rather than the state of
degradation, but still it is a qualitative classdfiion. As shown in Table A2 the impact on
degradation was defined by five categories (ndgkygilight, moderate, strong, extreme)
derived through a matrix of 18 fields combining tleeel of management (A, B, C) and
productivity increases or decreases (1-6) (van eyndl995; van Lynden and Oldeman,
1997). When analyzing ASSOD database the additmalak “C7” can be found, so | decided
to define C6, here described as “Strong to Extrerag™Strong” and additionally introduced

“C7 as “Extreme”.

Though “impact” in ASSOD has a different definitidran “degree” in GLASOD, both semi-
guantitative parameters were denominated as “dégrekis assessment and used equally for
the map compilation. Furthermore the study preseh&re excludes negligible impact on

degradation and only includes the impact classes fight to extreme.
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Table A 2. Matrix of the parameter "Impact” used in ASSOD

Level of production increase/decrease Level of Management
A) High B) Medium C) Low
1) Large increase Negligible Negligible Negligible
2) Small increase Light Negligible Negligible
3) No increase Moderate Light Negligible
4) Small decrease Strong Moderate Light
5) Large decrease Extreme Strong Moderate
6) Unproductive Extreme Extreme Strong to Extreme

Source: van Lynden and Oldeman (1997)

While ASSOD is not limited on the number of degtamta types per mapping unit as
GLASOD?’, it shows obvious limitations concerning the as\of their extent. The sum of
all degradation extents, stable terrains and wasteinay exceed the total area of 100% per
gridcell. This may happen by means of overlaps betwdegradation (sub)types (van Lynden
and Oldeman, 1997) or due to spatial uncertairdfedegradation extents. Considering the
lack of spatial information of occurring overlaplse polygons with a total area of more than
100% had to be rearranged to examine the degradexient for further calculations. For this
reason the degradation extent is reduced to a mewiof 100% by emphasizing on the
highest impacts, taking into consideration thahkigimpacts have greater consequences for
potential productivity. In a first step the totattent was calculated for extreme impacts.
Furthermore, strong, moderate and at least lighauts are added respectively, as long as the
total extent of 100% is not exceeded. If two egl@intiimpact classes occur in one mapping
unit, no specific degradation type is pointed @&mphasis is only put on impact and extent.
Table A3 shows an example of the modifications nade ASSOD.

¥ GLASOD has a maximum of two degradation typespmygon, while ASSOD is not limited and shows up to
10 different types per map unit.

-50-



Table A 3. Modifications of ASSOD database.

Polygons with total area more than 100% are madidie shown on the polygon with the code “3511b-THie
original data show a total extent of 141%, inclgdall (sub)types. To modify the total extent to aximum of
100%, the extent of several degradation types wepéaced. Main emphasis was placed on higher impact
values, so the total extent was reduced usingrarclgical method. Changes in extents of degrad#yijoes can

be seen in grey squares. Negligible impacts areoasidered in this assessment and are alwaysangga to

Nil.

Type 1 (Wt) Type 2 (Cn) Type 3 (Cs) Type 4 (Pk) Typ5 (Pw) Type 6 (Pu) Total
Polygon 3511b-TH

Extent Extent Extent Extent Extent Extent Extent
Impac mpact mpact mpact mpact Impact
(%] (%] (%] (%] (%] (%] (%]
original data 50 strong 60 moderatd0 extreme 10 moderate 1 negligible 10 negligible 141
output data, rearranged50 3 40 2 10 4 0 0 0 0 0 0 100

The ASSOD database is available online at ISRICsitelfhttp://www.isric.org)

A.3.3 SOVEUR

The SOVEUR database was developed like ASSOD asj@ekto GLASOD, but on a finer
scale (1:2.5 M) and with more emphasis on soilytimh (van Lynden, 1997; van Lynden,
2000). The assessment of soil degradation was aneip a comprehensive assessment
considering soils in Central and Eastern Europso(aicluding soil and terrain information,

soil components and soil properties), which wadiphed on a CD-ROM (FAO, 2002).

The SOVEUR dataset incorporates both parametessibflegradation assessed in GLASOD
and ASSOD (degree and impact). This study only idens the impact of soil degradation,
again termed as “degree” for the compilation of flmal map in order to reconcile the
SOVEUR data with more recent datasets like ASSO®D“aand degradation in Russia” and
Mexico (see description below). Compared to ASSOWrlaps cannot exceed 100% of the

total area and means therefore a major improvement.

Both parts of SOVEUR, the western part includingesal countries in Central and Eastern
Europe (Table A7) and the eastern part presenti@dg=tiropean part of Russia, are combined
and assembled into GLASOD. These region updategxtent and impact followed the

methods described above.

The original dataset can be derived from the CD-RQ@Wblished by the Food and
Agricultural Organization (FAO, 2002) or online http://www.isric.org
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A.3.4 Soil degradation in Russia

The data on soil degradation in Russia (Stolbowai Bischer, 1998; Stolbovoi, 2002) were
obtained from the data compilation “Land ResoursefRussia” published by IIASA on a
CD-ROM and on the World Wide Web (Stolbovoi and Md@m, 2002). Stolbovoet al.

(1998) used the guidelines of ASSOD (van Lynderf5)%o design the attributes of the

degradation database in order to improve the liroita of GLASOD concerning Russia.

The database provides several types of soil detioadalso including “desertification”, but
here, desertification is defined as “expanding argfadeserts as a result of natural (cyclic
changes in climate) and anthropogenic causes (wmgting, removal of herbaceous
vegetation due to overgrazing)” (Stolbowati al, 1998). Therefore desertification does not
follow the definition of the UN (United Nations, 99) (Zonn and Kapoustin, 2002) and will
not be used as the only source to update COMSADada single degradation type summed

up with other soil degradation types provided byll®ivoi and Fischer (1998).

Following ASSOD, the soil degradation status in $asis defined by the impact on
productivity (Table A2). The matrix on the impastlimited here to the fields A1-A6. As
described above in A.3.2, overlaps can occur ardstim of all degradation types in some
mapping units can exceed 100% of the total areaole this problem, the method specified
above (Table A3 and text explanation) was appledther, the compilation with GLASOD
by using the extent in percentage per gridcell taedimpact classes from 1 to 4 was done as
described above.

With respect to the assessment of SOVEUR, onhA#ian part of Russia was used from the
study conducted by Stolbovoi and Fischer (1998)s Belection was done because of two
reasons. First, the SOVEUR database does not maudrlaps which exceed 100% of the
total area by summing up all (sub)types. This inmpsothe reliability about the adjusted data
on extent and impact. Second, the Russian parOMERIR database is already based on the
assessment of Stolbovoi and colleagues (1998) eomdes additional recent estimates on
soil pollution (Batjes, 2000).

The dataset is available online at: http://wwwaias.at/Research/FOR/russia_cd/index.htm
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A.3.5 Human-induced soil degradation in Mexico

The human-induced soil degradation map of Mexice waxried out in a two-year project by
the Ministry of Environment and Natural Resourc&edretaria de Medio Ambiente y
Recursos Naturales, SEMARNAT) as part of the “Naloforest and soil inventory”

(Sanchez-Coldn, 2004; Secretaria de Medio AmbigriRecursos Naturales, 2002). The aim
of the study was to improve past assessment ordegitadation on a finer scale (1:250 000)

to strengthen the knowledge about status and os&sil degradation processes.

The assessment of degradation types and causasad bn ASSOD methodology with slight
modifications. The extent of each degradation tigpgiven in percent of the mapping unit
(polygon) as a multiple of 5 (Secretaria de MedmbAente y Recursos Naturales, 2002). To
describe the degradation status, four categorieegfadation level (hereafter denominated as
degree) were defined (slight, moderate, strongreex¢), which are mainly based on the
definition suggested by Oldemanal. (1991). Stable terrains and wasteland were exdlide
my study, while the other types were summed uphleyr textent as described in A.3.1 and
adjusted to GLASOD database. As done in all othealthses described earlier in this
ANNEX, only arid, semi-arid and dry sub-humid arease included for assessing

desertification.

The Mexican study on human-induced soil degradatemm be obtained from SEMARNAT
through Salvador Sanchez-Coldn (ssanchez@semaninax)).

A.3.6 Land degradation in South Africa

As a consequence to the UNCCD, the National Bothnistitute (NBI) and the Programme
for Land and Agrarian Studies (PLAAS), in the SdhoibGovernment at the University of
the Western Cape carried out a study on land dagoedin South Africa, which was
completed in 1999 (Hoffman and Todd, 2000; Hoffmeinal, 1999). The criteria for
assessing extent, degree, rate and severity ofdsgiadation are based on the GLASOD
approach. The severity and the rate were combintdthae percentage area of each Land Use
Type (LUT) to obtain a soil degradation index. Th&Ts include croplands, veld
(rangeland), forests, settlement areas, conservatieas and other areas, like mines. This
index seems to be a valuable tool for further aialgoncerning social-economic parameters

(e.g. poverty or unemployment rate) and biophysipalrameter (e.g. precipitation)
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(Hoffman and Todd, 2000; Hoffmaet al, 1999; Meadows and Hoffman, 2002; 2003). For
this study | only used the extent and the degreenanaggregated parameters to avoid “over-
simplification” (see A.3.1).

To obtain a GIS-based dataset including extent degtee for further calculations, some
modification had to be done. While GLASOD also pdes the exact extent of soil

degradation additionally to the five extent clasdbe South African database only gives
information about these five categories. In my aonadjust this database to the newly
modified COMSAD map, the averaged values of théheadent class were assigned to the
gridcells (Table A4) while converting the polygots the gridded map. Because of the
inaccuracy of this method, the total area of sdvaep units exceeded 100%. For this reason,

| used the weighted averages of all extents oaayiin these units.

Table A 4.Classification of degradation extent after Hoffnedral. (1999).
The mean values were assigned to each gridcetitatfidy the prevailing class

Extent [% of soil degradation in each Land Used]yp
1 2 3 4 5
(0-5%)  (6-10%) (11-25%) (26-50%) (>50%)

extent classes

mean 2.5% 8.0% 18.0% 36.5% 75.0%

It has to be noted that Hoffmaat al. (1999) also assessed vegetation degradation ¢t ‘v
degradation’), which was defined by six types (&cbange of species composition” or “bush
encroachment”), but this was neglected in thisysfodthe reasons described above in Annex
A.1l. Furthermore | excluded extent and degreesibfdegradation in “conservation areas”,
because | assume that climate-induced degradaionore likely the main driver in these
areas than human-induced degradation.

GIS data, the report and additional information whthe assessment “Land degradation in

South Africa” can be derived from: http://www.sambg/landdeg/
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A.3.7 Desertification Map of the Drylands of Asia

The desertification map of Asia (Kharet al, 1999b) was compiled by combining several
assessment from the past (e.g. Khaginal, 1993) and remote sensing data of NDVI
(Normalized Difference Vegetation Data). Khaahal. (1999a) examined different types of
desertification, like erosion, salinization, watging or vegetation degradation in five land
use types. The desertification status is definethbge degrees (slight, moderate, severe and
very severe) which are classified by semi-quamigatriteria. The published desertification
map shows categories of land use types and def§men classes are excluded from this
assessment like bogs, Solonchaks, bare land, stor@sitains, moving sand and extra-arid

lands.

Several modifications were necessary to adjustriiap to COMSAD. First, the published
map is a Photoshop format image, with 4x4 arc nemuesolution. While transferring this
map to a GIS software, some inaccuracies occuryedsbigning the correct class to each
pixel due to the grey scales. Therefore each pues evaluated and corrected accordingly to
the original map. Nevertheless | cannot rule ot plossibility that some pixels were still
classified wrongly. Second, Kharét al. (1999a) did not follow the dryland classificatioh
UNCCD. For this reason | had to overlay this mathwine Humidity Index to reclassify the
dryland areas. Considering the UNCCD definitionyesal areas, especially the dry sub-
humid areas, are probably not assessed in the sfudyarinet al. (1999a). Third, due to the
overlapping of this map with other databases, s¢\@untries had to be excluded from this
assessment, like Pakistan, India, China, Russia Bggipt (Table A7). Forth, the
desertification map only gives information of thrdegree classes, aggregating “severe” and
“very severe”. In order to avoid an exaggeratedestanation, | adjusted this category to my
degree class number 3 (strong). Furthermore Khatiml. (1999a) did not define non-
degraded land or stable areas. All areas examimdteir assessment are at least slightly
desertified or are assigned to one of those classesaded from assessment. So every map
unit is assumed to have 100% extent of its sugdesdégradation type and degree, except
those areas which are explicitly defined by a sddype in the printed map included in the
report (Kharinet al, 1999a). This fact may contribute to an overedimnain some mapping
units. Fifth, as explained in A.1, vegetation deigtson will be not considered in this study,
so all degradation categories including vegetataegradation are disregarded. After
preparing the data of Asia for further calculatiotie soil degradation layers were prepared

as described above and integrated in COMSAD.
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The desertification mé&p(Kharin et al, 1999b) can be downloaded at ftp://dbx.cr.chiba-
u.jp/data/DrylandMap/ and the report (Khaeh al, 1999a) can be derived from Ryutaro
Tateishi for free (contact information on http://wwver.chiba-u.jp/~tateishi-lab/).

A.4 Modeling Net Primary Production losses

Previous studies on productivity losses due tordiésation are mainly related to agricultural
losses, like yield alterations or economic decredBej6, 1996; Crosson, 2003; Dregne and
Chou, 1992; Oldeman, 1998; Pimergehl, 1995; Scherr, 1999). This study aims to estimate
the net primary production losses due to deseatiba to quantify human impact on energy
flows in dryland ecosystems relating to the indcatlANPP. For this reason the newly
compiled COMSAD was taken as a base map for futhiulations as described below. In
order to consider uncertainties | derived minimurd enaximum estimates reflecting possible
errors in available input data. The results of th@imum and maximum estimates were

cross-checked by a refined “best guess” calculation

A.4.1 Minimum and maximum estimates

NPP losses were calculated by combining the extants degrees of COMSAD with
percentage losses derived from modified literatsueveys (Table A5), and potential net
primary production (NP#. NPR was derived from the Lund-Potsdam-Jena dynamibaglo
vegetation model (LPJ-DGVM) (Sitatt al, 2003) with improved hydrological data (Gerten
et al, 2004) calculated by Habeet al. (2007) for the year 2000. They ran the LPJ model fo
the period of 1901 to 2002 and averaged the fiw yesults between 1998 and 2002 to avoid
an annual vegetation peak in 2000. These dataraxédpd in a global grid with 5 minutes
geographic resolution. The four layers of COMSARSganting the extent per gridcell of each
degree were multiplied with modified percentageséssbased on the study of Dregne and
Chou (1992). The percentage losses of the minimatrmate was taken from the mean values

suggested for croplands, while the productivityskssof the maximum estimate are based on

* There are two maps provided for download. The weld jpg-file gives an excellent overview about the
assessment and is the same map as the one indtuttedreport (Kharin et al., 1999a) in a largenpformat.
The grey-shaded psd-file can be obtained for furBkS analysis. The file “readme.doc” gives geobiepl
information about the psd-file for further GIS-bdsmalysis.
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the upper range of the percentage losses suggistedngelands. The minimum and the
maximum estimates did not distinguish between lasel-classes and show an overall result

on global NPP losses due to desertification.

Table A 5.Productivity losses estimated by Dregne and Ch8@Z)and the modified values used in this study

Degree Productivity losses [%0] Productivity losses [%0]
(Dregne and Chou, 1992) (this study)
croplands rangelands minimum estimate ~ maximuimeass
light / slight 0-10 0-25 5 25
moderate 10-25 25-50 18 50
strong / severe 25-50 50-75 38 75
extreme / very severe 50-100 75-100 " 63 100

“The percentage loss for extreme degree in thig/studot derived by mean value of croplands, butiigymean
value of the lower range of croplands and the lornage of rangelands. | assume, that 75% may higktofor a
minimum estimate

A.4.2 The “Best guess” estimate

The minimum and the maximum estimates give a gaade of occurring NPP alterations of
potential productivity due to desertification. Hoxee, in relation to HANPP, a more detailed
approach incorporating socioeconomic data is needéds so called “best guess” is
calculated on two different land-use types, crogéaand grazing lands, considering the actual
net primary production (NRR) for the year 2000. The land-use datasets weleetdefrom a
new comprehensive assessment by diral. (2007) with 5 min. geographic resolution. They
calculated the global extent of five land-use aasqcropland, forestry, urban and
infrastructure area, grazing lands, wilderness amgroductive area) for the year 2000 in a
GIS-based analysis. These five layers (each folamekuse class) show the extent in percent
per gridcell and sum up to 100% per gridcell.

Due to the lack of spatially explicit information the source datasets of COMSAD and the
missing information about direct links between larsg¢ and soil degradation in datasets like
GLASOD (Oldeman, 1994), there remain uncertairdiasut degrees and extents of degraded
areas within grazing lands and croplands. Theredeeertified areas in each land-use dataset
are used in a weighted proportion to the totalcadpural area. | multiplied the extent of each
land-use class with a ratio of the total extentsofl degradation divided by the total
agricultural area (croplands and grazing landsl) gAticells with a ratio >1 were rearranged
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to a maximum value of 1 to avoid cases with higihesertification extents than agricultural

extents.

NPPyt was introduced to the “best guess” to calculateeddication as part oANPRc
following the concept of HANPP as defined by Hakedrhl. (2007). Though Prince (2002)
suggested to calculate NPP losses due to desatitiicby simply subtracting NRE from
NPR),, Haberl and colleagues (2007) assume that the @tmafuNPP, derived through this
subtraction, also includes land-use changes armidaver changes. In this study NPP losses
due to desertification in grazing areas are caledldy using the principle of Habeat al.
(2007), while productivity losses on croplands @akeulated in terms of the concept of Prince
(2002) as described below.

NPP losses on grazing lands

To calculate NPP losses on grazing areas, two NBRtasets were assessed: one shows
actual net primary production without desertificatiNPR before degradation, NR§xg,

and the other one already includes desertificabod is denominated as “NRPafter
degradation” (NPRad. NPR.bg Was assessed from the NPdataset derived from LPJ-
DGVM. | used the potential productivity on natugahsslands and combined these data with
actual productivity of deforested areas to incllaed conversion from forests to artificial
grasslands. For land cover conversion, a 22% rexducf potential productivity is assumed
(for detailed information on conversion factor selaberlet al, 2007). To obtain NPR-aq
NPPy before degradation is multiplied with modified pemtage losses suggested by Crosson
(1995) and Oldeman (1998) for pasture lands (T&lfle and desertification extents of the
four COMSAD layers.

The losses of primary production on grazing landsrewcalculated by multiplying the

difference of NPR:.ng and NPR.ag With the weighted extent of degraded grazing lands
Further the degraded grazing lands were overlayddavand-use dataset of wilderness and
unproductive area calculated by Ebal. (2007) to exclude areas suffering from climate-
induced rather than from human-induced desertiboatThese areas without land use are
based on a combination of a global wilderness réamdersomt al, 2002) and areas with an

aboveground NPP below the threshold of 20 g C/nifichvare assumed to provide not
enough annual productivity for grazing activitiesufiprey, 1983). Further details can be seen

in Erbet al. (2007).
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Table A 6. Comparison of literature-based productivity losased NPP losses used in this study

Productivity losses [%0] NPP losses [%]

Degree )

(Crosson, 1995; Oldeman, 1998) (this study)

croplands rangelands grazing lands

light / slight 15 5 5
moderate 35 18 18
strong / severe 75 50 50
extreme / very severe not defined "85

“The percentage loss for extreme degree in thisystuas estimated, neither Crosson (1995) nor
Oldeman (1998) did provide data for this degreeoufiih the extreme degree of soil degradation is
defined as unreclaimable, | assume that a minimub®® of net primary production still exists.

NPP losses on croplands

Aboveground NPR; on croplands was derived from Habetlal. (2007). They used the LPJ-
model and statistical databases to create a gadebaorld map on cropland productivity.
Belowground NPR: was calculated by using the ratio of belowgrourdPNto total NPP
suggested by Saugiet al. (2001). The NPR; dataset already includes soil degradation and is
therefore identified here as NRRq4 As there remain spatial uncertainties about desgeand
extents by recalculating NBJ.g with percentage losses assumed by Crosson (198b) a
Oldeman (1998) | calculated NPP losses by subtrgqdiPR. from NPR (derived by LPJ-
model run) as suggested by Prince (2002). Irrigated intensively cultivated areas with a

higher actual productivity than NpRere not considered to avoid calculation errors.

The land-use dataset was taken from the assessshdfrb and colleagues (2007). They
created the cropland map by combining a base mdpaofankutty and Foley (1998) with
recent national FAO cropland statistics (FAO, 200&4)e NPP losses due to desertification
were calculated by multiplying the difference of §RRnd NPR; with the weighted extent of

degraded croplands.
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Table A 7.Datasets used in this assessment

Database Conductor and Year of data | Data output Countries used in this assessment
References assessment
Global Assessment of the Status ISRIC/FAO 1988-1990 polygons Algeria, Angola, Azerbaijan, émgna,
of Human Induced Soil (Oldeman et al 1991) Australia, Armenia, Bolivia, Botswana,
Degradation (GLASOD) Brazil, Burkina Faso, Cameroon, Canada,
Cape Verde, Central African Rep., Chad,
Chile, Colombia, Congo, Dem. Rep. |of
Congo, Céte d'lvoire, Cuba, Cyprys,
Benin, Dominican Republic, Ecuador,
Egypt, Ethiopia, Eritrea, France, Djibouti,
Georgia, Gambia, Germany, Ghana,
Greece, Guinea, Guinea-Bissau, Haiti,
Italy, Jamaica, Kenya, Libyan Argb
Jamah., Madagascar, Mali, Mauritanjia,
T.F. Yug. Rep. Macedonia, Morocgo,
Mozambique, Namibia, Niger, Nigerig,
Papua New Guinea, Paraguay, Peru,
Portugal, Sao Tome and Principe,
Senegal, Somalia, Spain, Sudan,
Swaziland, Togo, Trinidad and Tobago,
Tunisia, Turkey (European part), Uganda,
United Rep. Tanzania, United Statps,
Venezuela, Western Sahara, Yugoslayia,
Zambia, Zimbabwe
Assessment of the Status of ISRIC/FAO 1995 polygons China, East Timpindia, Indonesia,
Human-Induced Soil Degradatiop(van Lynden & Myanmar, Nepal, Pakistan, Sri Lanka,
in South and Southeast Asia Oldeman 1997) Thailand
(ASSOD)
Soil Vulnerability Assessment in| ISRIC/FAO 1998-1999 polygons Bulgaria, Belarus, Czech Republi
Central and Eastern Europe (van Lynden 2000) Hungary, Republic of Moldova, Poland,
(SOVEUR) Romania, Russian Federation (Europegn
part), Ukraine
Land Degradation in Russia IIASA/FAO 1992-1993 polygons Russian Federation (Asian part)
(Stolbovoi & Fischer
1998)
Desertification map of Asia CEReS between the | .psd - file Afghanistan, Iran, Iraq, Israel, Jordan
(Kharinet al. 1999) 1970s and Kazakhstan, Kuwait, Kyrgyzstan,
1998 Lebanon, Mongolia, Oman, Saudi Arabig,
Syrian Arab Republic, Tajikistan, Turkey
(Asian part), Turkmenistan, Uzbekistan,
Yemen, Palestine Occupied Territory
Land Degradation in South Africa  Hoffmanal. (1999) | 1997-1998 polygons South Africa
Evaluacion de la degradacion delSEMARNAT (2002) | 2001 polygons Mexico
suelo causada por el hombre en|la
Republica mexicana. Escala
1:250,000
Humidity Index CRU/UEA and 1951-1980 polygons worldwide
UNEP/GRID
(Deichmann &
Eklundh 1991)
Land Use Data (cropland and | Erbet al. (2007) 2007 for the | 5x5 min grids worldwide
grazing land) year 2000
Wilderness area Sandersetral. 2002 5x5 min grids worldwide
(2002)
Potential net Primary Production| Haberlet al. (2007) 2007 for the | 5x5 min grids worldwide
(NPR) using LPJ (Sitctet al. | year 2000
2003, Gerteret al.
2004)
Terrestrial Ecoregions of theDlsonet al.(2001) 2001 Polygons worldwide
World

® In ASSOD database East Timor is not separated fnoionesia
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Table A 8.Countries including dryland regions and the definitof regions used in this assessment

Northern Africa and Western Asia

Algeria, Armenia, Azerbaijan, Cyprus, Egypt, Geargiraq, Israel
Jordan, Kuwait, Lebanon, Libyan Arab Jamah., Mooo&@man, Sau
Arabia, Syrian Arab Republic, Tunisia, Turkey, W&st Sahara*
Yemen

Sub-Saharan Africa

Angola, Benin, Botswana, Burkina Faso, CameroorpeCderde**
Cental African Republic, Chad, Dem. Rep. of Congo, GnnGotg¢
d'lvoire, Djibouti, Eritrea, Ethiopia, Gambia, GlearGuinea, Guine
Bissau, Kenya, Madagascar, Mali, Mauritania, Mozigqume, Namibig
Niger, Nigeria, Sao Tome and Principe**, Senegalmalia, Soth
Africa, Sudan, Swaziland, United Rep. Tanzania, dlotygande
Zambia, Zimbabwe

Central Asia and Russian Federation

Russian Federation,

Kazakhstan, Kyrgyzstan, Tk

Turkmenistan, Uzbekistan

Eastern Asia

China, Republic of Mongolia

Southern Asia

Afghanistan, India, Islamic Republic of Iran, Nep#&akistan, S
Lanka

Northern America

Canada, United States of Anaeric

South-Eastern Asia

Indonesia, Myanmar, Thaildihor-Leste

Latin America and the Caribbean

Argentina, Bahamas*Bolivia, Brazil, Chile, Colombia, Culb
Dominican Republic, Ecuador, Falkland Islands (UK)*Haiti,
Jamaica, Mexico, Paraguay, Peru, Trinidad and Tobafyuguay
Venezuela, South Georgia and the South Sandwiahdsl(UK)*

Western Europe

France, Germany, Greece, Italywhaly*, Portugal, Spain

Eastern and South-Eastern Europe

Bulgaria, Czech Republic, Hungary, T.F. Yug. Repackdoniz
Republic of Moldova, Poland, Romania, Yugoslavifirdine

Oceania and Australia

Australia, New CaleddRiance)**, Papua New Guinea

113 countries are included in the assessmentngladiglobal dryland areas.
*Dryland areas in these countries did not indicdésertification in the used datasets and vexeluded fo

further calculations.

**These countries were excluded in the 'best guessulation due to wilderness and numeductive areas
due to missing croplands and grazing lands. Théomegare based on the classification of the

geographical (continental) regions a
Division (2006)

nd geographscdfegions suggested by the United Nations Statit
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Annex B — Results

B.1 Additional Tables

Table B 1.National calculations of degraded areas in COMSADia COMSAD-LU

Total area

Dryland area

Degraded area of COMSAD per degree

Degraded area of

COMSAD-LU

Country/Region Light Moderate Strong Extreme Totl Total

[km?] [%] [km?] [km?] [km?] [km?] [km?] [km?]
Canada 9 330 522.00 15.91 49 676.4 38 860.95 0 0 88 537.40 98%.77
United States 9177 302.00 42.39 F83.0° 429 731.69 12 156.93 0 518 241.70 495 537.22
Total Northern America 18 507 824.C 29.0¢ 126 029.5 468 592.6 12 156.9 C 606 779.1 581 518.99
Argentina 2759 905.75 53.03 222 886.9 42 566.53 1345.52 0 266 799.04 261 803.83
Bolivia 1084 269.88 57.78 10 613.4 66 696.98 20 882.20 0 98 192.66 82 228.91
Brazil 8 455 399.00 15.35 131 248.7 86 215.02 24 492.67 0 241 956.42 226 421.66
Chile 739 917.94 20.98 4733.0: 6018.51 10311.34 0 21 062.88 18 858.43
Colombia 1 140 780.75 17.46 15 809.3 5361.74 0 0 21171.10 $0.98
Cuba 104 952.59 11.42 516.4: 743.29 0 0 1 259.70 490
Dominican Republic 47 194.97 5.51 55.1¢ 182.68 12.21 0 250.04 231.
Ecuador 256 576.16 63.74 6 081.7. 4504.81 0 0 10 586.53 08.85
Haiti 26 150.03 2.80 0 0 677.59 0 677.59 133.
Jamaica 10 606.82 31.53 250.8( 585.20 0.00 0 836.00 741,
Mexico 1942 260.25 69.61 118 623.3 284 353.90 15 817.06 7237.98 426 032.33 270 135.68
Paraguay 396 720.94 55.32 15.81 624.44 0 0 640.32 320.
Peru 1288 399.75 36.59 6 734.1. 53 845.53 1971.29 0 62 550.94 41 597.
Trinidad and Tobago 5319.12 4.77 6.3¢ 95.07 0 0 101.41 667.
Venezuela 910 188.63 49.27 9 565.8 37 520.64 4 403.88 0 51 490.38 49 717.68
Total Latin America and the
Caribbean 19 168 642.£ 33.4° 527 141.2 589 314.3 79 913.7 7 237.9 1203 607.2 982 206.77
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Table B1 (continued)

Degraded area of

Country/Region Total area Dryland area Degraded area of COMSAD per degree
COMSAD-LU
Light Moderate Strong Extreme Total Total
[km?] [%] [km?] [km?] [km?] [km?] [km?] [km?]
France 547 382.81 0.35 0 332.61 0 0 332.61 21BO.
Germany 356 525.72 5.02 6 826.1! 0 0 0 6 826.16 6 068.53
Greece 129 976.59 46.14 13 450.5 4105.64 0 0 17 556.17 17177
Italy 298 219.41 20.46 1768.2. 5 338.46 5 286.24 0 12 392.93 12 056.05
Portugal 91 738.22 29.55 1 634.6! 13 752.05 0 0 15 386.75 14 432..
Spain 506 371.72 69.08 25 580.9 42 498.22 7 487.66 0 75 566.79 74 503.31
Total Western Europe 1930214.4 26.8: 49 260.5 66 026.9 12 773.9 C 128 061.4 124 517.86
Bulgaria 110 741.05 53.29 6 143.4. 1821.08 424.98 6.17 8 395.68 7 425.54
Czech Republic 78 345.39 12.96 720.7: 1209.35 622.11 0 2552.17 2546.43
Hungary 92 346.27 46.63 5304.2( 13517.24 409.24 0 19 230.69 18 748.93
Republic of Moldova 33482.63 100.00 7574.7 9197.95 4007.07 2297.13 23 076.91 22 195.04
Poland 310 099.09 19.34 2547.6. 21 235.39 0 0 23 783.01 628.41
Romania 236 325.58 38.43 11 762.4 58 299.93 6 722.34 713.22 77 497.99 70 833.72
Ukraine 587 786.13 65.38 44 038.1 161 488.27 23092.34 19.21 228 638.01 223 340.55
T.F.Yug.Rep. Macedonia 25164.53 37.11 1 085.9i 1693.29 483.08 0 3262.35 2935.43
Yugoslavia 101 434.83 14.40 2 060.5- 1764.56 773.11 0 4598.21 4598.21
Total Eastern and South
Eastern Europe 1575725.4 44.7: 81 237.9 270 227.0 36 534.2 3035.7 391 035.0 375 300.27
Angola 1252 364.13 19.30 0 1365.61 528.69 0 1 894.30 1854.27
Botswana 579 841.19 100.00 6 322.4i 24 068.08 17 718.54 48 109.11 43 826.85
Cameroon 465 745.56 12.81 605.2¢ 4218.58 11 048.06 0 15 871.87 15 216..
Central African Rep. 620 895.25 20.15 1331.9 0 209.18 0 1 541.08 1418.
Chad 1274 684.13 68.19 149 825.2 71876.18 2338.75 0 224 040.21 178 365.14
Congo 344 758.00 0.15 0 89.84 0 0 89.84 89.8
Dem. Rep. of Congo 2 305 080.75 0.44 0 1615.41 0 0 1615.41 1502.
Benin 116 518.68 87.06 6 368.9( 9 108.82 445.45 0 15923.17 15 478.04
Ethiopia 1126 735.88 58.07 66 793.0 38 817.74 20 952.70 15 575.58 142 139.01 142 105.23
Eritrea 120 530.13 83.21 5361.4! 1 680.46 11 638.83 7771.12 26 451.90 22 566.51
Djibouti 20931.38 73.94 2 708.5: 0 386.93 0 3095.47 3 @95.
Gambia 10 438.23 97.60 904.1¢ 242.26 0 0 1146.45 1101
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Table B1 (continued)

Degraded area of

Country/Region Total area Dryland area Degraded area of COMSAD per degree
COMSAD-LU
Light Moderate Strong Extreme Total Total
[km2] [20] [km?] [km2] (km2] (km2] (km2] [km2]
Ghana 232 714.97 65.35 4 466.9: 6 728.37 8 740.00 0 19 935.31 18 352.36
Guinea 245 077.44 14.34 1384.4 0 0 0 1384.44 1384.44
Cote d'lvoire 321 660.66 38.43 6 975.8! 12.77 304.17 0 7 292.80 292.80
Kenya 571 324.06 71.18 2837.8¢ 8 068.84 16 958.51 0 48 665.21 45 526.52
Madagascar 593 179.44 23.23 2399.2! 10 148.59 41 620.01 167.25 54 335.10 54 193.45
Mali 1 255 064.50 80.09 115 306.7 155 083.75 8584.06 0 278 974.51 208 811.42
Mauritania 1 040 036.06 45.58 109 463.9 60 609.25 16 759.32 0 186 832.54 161 986.37
Mozambique 779 010.13 37.77 20 234.1 2845.07 885.72 0 23964.90 23872.55
Namibia 824 220.44 90.79 20 239.3 38 010.58 5744.23 0 63 994.16 34 430.59
Niger 1186 041.38 62.09 166 362.0 162 728.39 12 915.42 0 342 005.89 250 510.
Nigeria 910 915.69 58.02 9 127.6! 65 667.59 10 744.86 0 85 540.14 85 101.
Guinea-Bissau 31909.12 5.78 10.4¢ 142.46 0.00 0 152.94 152
Senegal 196 596.70 94.25 9 322.0i 8 206.15 28 560.27 0 46 088.50 45 482.48
Somalia 636 352.06 80.12 72 472.9. 7 187.03 7 961.34 9 543.20 97 164.51 86 500.10
South Africa 1217 843.88 66.40 106 920.9 68 093.60 4877.48 28 031.08 207 923.15 182 151.
Zimbabwe 388 127.41 67.07 591.0¢ 20 860.99 1862.47 0 23 314.52 21 483.
Sudan 2 495 025.00 67.28 126 015.7 315 435.26 33 538.94 0 474 989.90 440 969.95
Swaziland 17 508.31 49.98 0 0 218.77 0 218.77 218.
Togo 57 214.39 34.03 110.4¢ 2382.69 3978.76 0 6471.94 5440.19
Uganda 206 027.31 4.58 81.41 201.43 2 379.25 555.16 3217.25 2515.29
United Rep.Tanzania 882 246.56 10.90 1 560.6! 11 092.91 3943.09 717.81 17 314.47 17 093.49
Burkina Faso 273 705.41 100.00 14 649.0 23 845.84 76 796.47 0 115 291.32 104 945.84
Zambia 741 655.31 16.30 960.9: 7 730.55 870.16 0 9 561.62 9 561.62
Total Sub-Saharan Africa 23 341 979.5 48.7" 1052 514.€ 1128 165.C 353 510.4 62 361.1 2596 551.7 2234597.25
Algeria 2 320 661.75 20.90 28 962.8 59 467.33 15 542.89 0 103 973.02 88 469.16
Azerbaijan 85 855.24 83.85 648.5¢ 6 768.85 0 0 7 417.43 4.32
Armenia 28 554.48 98.19 244.4. 1849.93 0 0 2094.37 2069
Cyprus 9 348.59 86.46 0 1616.49 0 0 1616.49 1551.1
Georgia 67 802.08 34.84 307.0: 1384.20 0 0 1691.21 40.83
Iraq 434 925.13 99.88 361.7: 108 411.79 128 267.47 0 237 040.96 180151.80
Israel 20 963.52 68.97 28449 8191.72 794.88 0 11 831.57 7834.14
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Table B1 (continued)

Degraded area of

Country/Region Total area Dryland area Degraded area of COMSAD per degree
COMSAD-LU
Light Moderate Strong Extreme Total Total
[20] [km?] [km?] (km2] (km2] (km2] [km2]
Jordan 89 319.86 72.85 0 11 619.44 2870.88 0 14 490.32 9 938.00
Kuwait 18 037.81 88.42 0 843.38 7 170.46 0 8013.84 2899.76
Lebanon 10 685.67 56.83 0 5142.16 0 0 5142.16 3.38
Libyan Arab Jamah. 1619 363.75 22.72 117 354.7 61 584.51 0 0 178 939.23 768.71
Morocco 402 335.19 92.26 14 095.7 21 038.43 2 546.09 0 37 680.24 33 316.43
Oman 312 086.91 13.94 0 492.99 244564 0 2938.63 574.48
Saudi Arabia 1937 509.88 23.74 0 44 582.34 78 626.70 0 123 209.03 34 285.55
Syrian Arab Republic 187 940.14 97.97 964.3¢ 96 736.09 26 395.18 0 124 095.63 113 708.38
Tunisia 155 411.66 93.58 68 925.4 15 846.56 0 0 84 772.04 53 517.
Turkey 775 302.63 76.78 4 58 202 648.86 23 736.45 0 230970.18 206 434.31
Egypt 991 458.19 7.39 1760.2! 7842.18 0 0 9 602.47 8.60
Yemen 457 909.34 28.93 0 5294.33 11 648.65 0 16 942.97 5381.89
Total Northern Africa and
Western Asia 9925 471.7 35.5: 241 054.9 661 361.5 300 045.2 C 1202 461.8 844 325.20
Kazakhstan 2 656 522.75 99.15 115 538.0 225 942.26 35 580.58 0 377 060.88 360 148.26
Kyrgyzstan 192 774.38 57.39 717.2¢ 1882.52 0 0 2599.76 02.29
Russian Federation 16 578 535.00 21.96 0 13 454.66 263 620.70 544 700.97 821 776.33 704 066.88
Tajikistan 141 788.67 40.00 99941 0 0 0 9994.71 8 449.26
Turkmenistan 465 802.94 100.00 12 460.6 65 055.94 21515.64 0 99 032.25 95 442.17
Uzbekistan 426 359.59 99.18 45 598.9 66 366.12 9 234.55 0 121 199.61 107 566.22
Total Central Asia and the
Russian Federation 20 461 783.2 35.8: 184 309.6 372701.4 329951.4 544 700.9 1431 663.5 1277 777.08
Afghanistan 640 950.25 94.01 2 673.5. 13 251.77 7189.71 0 23 115.00 21544.1
Sri Lanka 65 864.59 23.45 7 444 .4: 0 0 0 7 444.48 6 440.75
India 3146 287.50 58.59 319 767.5 340 358.78 92 665.66 59 252.25 812 044.19 747 439.05
Iran(Islamic Rep. of) 1615 403.88 90.00 34 955.9 84 580.35 369.88 0 119 906.14 111 824.
Nepal 146 938.05 9.29 4 214.61 0.00 0 0 4 214.66 3500.37
Pakistan 875 449.94 82.49 221 069.8 178 284.95 71157.51 0 470 512.33 305 366.86
Total Southern Asia 6 490 894.2 71.6¢ 590 125.9 616 475.8 171 382.7 59 252.2 1437 236.8 1196 115.75
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Table B1 (continued)

Degraded area of

Country/Region Total area Dryland area Degraded area of COMSAD per degree
COMSAD-LU
Light Moderate Strong Extreme Total Total
[km2] [20] [km?] [km2] (km2] (km2] (km2] [km2]

Myanmar 670 811.06 3.32 2191.6 0 0 0 2191.64 2191
Indonesia 1913 179.63 2.18 3519.2( 1770.57 1474.66 0 6 764.44 6 497.63
East Timor 15 272.30 86.66 330.8¢ 2 316.18 0 0 2 647.06 2 581.
Thailand 512 654.31 6.75 2807.7! 27 226.68 2957.56 588.20 33580.20 30 810.79
Total South-Eastern Asia 3111917.2 3.5¢ 8849.4 31 313.4 4 432.2 588.2( 45 183.3 42 081.19
China 9 350 681.00 33.82 1097 765.3 164 626.29 434 937.74 16 987.12 1714 316.53 1280 170.27
Mongolia 1548 318.63 65.03 88 224.1 74 039.15 10576.21 0 172 839.53 87 976.37
Total Eastern Asia 10 898 999.€ 38.2! 1185 989.5 238 665.4 445 513.9 16 987.1 1887 156.C 1368 146.63
Australia 7 641 186.50 85.92 2B 616.3 22 073.43 11 032.38 4169.60 865 891.71 517 989.57
Papua New Guinea 471 967.66 0.56 14.8¢ 0 0 0 14.84 12.
Total Oceania and Australia 8113 154.1 80.9¢ 828 631.1 22 073.4 11 032.3 4 169.6 865 906.5 518 002.28
World 123 526 606. 41.0¢ 4875 144.8 4464 917.3 1757 247.3 698 333.0 11 795 642.€ 9 544 589.27

Sources: own calculations
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Table B 2.National calculations of NPP losses expressed®odlows and as percentage of potential NPP

NPP, NPP losses
Country/Region Drylands Grazing lands Croplads Minimum estimate Maximum estimate '‘Bestgess' estimate
[Tg Ciy] [Tg Ciy] [Tg Ciy] [Tg Ciy] O e " [Tg Ciy] e " Mooy Pyoieren

Canada 815.6! 135.t 194.6 5.0 0.4 17.0¢€ 2.0 15.6 1.9
United States 1376.4 804.2 307.6] 33.3 2.4 948 6.9 35.2 2.5
Total Northern America 2192.00 939.7 502.2 38.4 1.7 111.7! 5.1 50.9: 2.32
Argentina 682.4 517.% 53.5] 9.4 1.4 37.8 5.5 12.2 1.7¢
Bolivia 444.5! 181.2 13.2 13.8 3.1 33.9 7.6 11.3 2.5E
Brazil 1013.2 472.€ 85.0 28.5 2.§ 82.4 8.1 31.9 3.1
Chile 53.6 38.1 2.8 21 3.9 4.8 8.9 1.9 3.7
Colombia 183.1 122.1 8.4 1.6 0.9 6.2 3.3 1.8 1.0
Cuba 11.3 4.1 3.3 0.1 1.9 0.4 4.1 0.2 1.8
Dominican Republic 2.8 0.7 1.0 0.0 1.9 0.1 4.4 0.1 £6
Ecuador 148.7 14.¢ 15.9 0.9 0.6 3.0 2.0 24 1.6
Haiti 0.8 0.C 0.0 0.2 35.] 0.5 69.3 0.0 10.4
Jamaica 3.4 0.€ 0.8 0.1 3.5 0.3 10.6 0.2 7.2
Mexico 528.7. 179. 89.4 26.3 4.9 76.0 14.3 235 4.4
Paraguay 169.04 52.t 14.5 0.1 0.4 0.3 0.1 0.1 0.0
Peru 375.67 97.¢ 8.3 7.7 2.0 21.7 5.7 4.0 1.0
Trinidad and Tobago 0.2€ 0.1 0.0 0.0 6.4 0.0 19.3 0.0 5.2
Venezuela 376.3¢ 213.€ 17.7| 7.0 1.4 19.4 5.1 7.6 2.0
Total Latin America and the Caribbean 3994.2¢ 1895.7 314.4 98.5. 2.4 287.3: 7.1 97.8l 2.4t
France 1.0 0.2 0.0§ 0.0 3.1 0.0 8.7 0.0 2.0
Germany 10.7. 2.8 4.34 0.2 1.9 1.0 9.5 0.0 0.4
Greece 26.8 8.2 10.6( 0.6 2.3 2.4 9.1 0.7 2.6
Italy 27.4 8.7 R4 1.3 4.9 3.1 11.5 1.5 55
Portugal 15.1 4.¢ 6.17 1.4 9.5 4.1 27.0 3.3 22.0
Spain 177.3 61.¢ 73.06 59 3.3 16.9 9.5 12.4 6.9
Total Western Europe 258.5! 86.6 104.0 9.6: 3.71 271.7 10.7 18.0! 6.91
Bulgaria 30.3 6.€ 14.9| 0.4 1.3 1.37 4.5 1.1 3.8
Czech Republic 6.2 0.€ 3.4 0.3 4.7 0.7/ 12.2 0.3 5.0
Hungary 25.9i 7.C 15.3 1.7 6.6 5.1 19.6 15 5.9
Republic of Moldova 17.5 3.1 11.4 25 14.61 6.0 34.5 4.7 27.0




_89_

Table B2 (continued)

NPP, NPP losses
Country/Region Drylands Grazing lands Croplads Minimum estimate Maximum estimate '‘Bestgess' estimate
[Tg Ciy] [Tg Ciy] [Tg Ciy] [Tg Ciy] B " [Tg Ciy] " Mooy Pyoieren

Poland 37.9: 8.2 172 2.4 6.9 7.0 18.7 4.1 11.0
Romania 43.7 13.t 23.7| 6.7 15.3 18.0 41.3 9.0 20.6'
Ukraine 207.8 57.1 118.6| 21.5¢ 10.3 58.8 28.3 50.5 24.3
T.F.Yug.Rep. Macedonia 4.67 1.4 1.3 0.2 5.4 0.7 15.9 0.4 8.5
Yugoslavia 8.3 1.C 5.9 0.4 4.4 1.1 13.9 0.9 10.8
Total Eastern and South-Eastern Europe 382.6€ 99.1 211.9 36.41 9.5 99.1! 25.9 72.8 19.0:
Angola 130.8' 100.4 4.9 0.2 0.2 0.6 0.4 0.3 0.2
Botswana 200.7! 144.5 1.3 5.0 2.5 11.2 5.5 5.6 2.8
Cameroon 34.4 19.7 7.1 2.9 8.4 6.1: 17.7 3.9 11.3
Central African Rep. 83.5 46.2 4.9 0.0 0.1 0.3 0.3 0.1 0.1
Chad 305.9; 235.4 18.0| 6.2 2.4 20.9: 6.8 6.6 2.1
Congo 0.4 0.2 0.0 0.0 3.1 0.04 8.7 0.0 3.4
Dem. Rep. of Congo 8.5 3.€ 0.0 0.2 2.9 0.6! 8. 0.2 25
Benin 65.5 33.2 12.4 1.4 2.2 4.4¢ 6.7 25 3.8
Ethiopia 296.3 267.€ 13.9 13.9 4.1 31.61 10.4 17.7 5.9
Eritrea 21.7 14.5 1.9 2.4 11. 4.65 21.3 2.7 12.4
Djibouti 4.7 4.7 0.0 0.0 1.4 0.30 6.2 0.0 1.7
Gambia 5.8 1.€ 1.2 0.0 0.4 0.20 34 0.2 3.7
Ghana 104.0! 60.5 20.4] 3.0 2.9 7.1 6.8 4.1 4.0
Guinea 22.5 17.2 0.3 0.0 0.4 0.2 1.0 0.0 0.2
Céte d'lvoire 95.6 39.2 21.6| 0.3 0.3 1.5 1.5 1.7 1.8
Kenya 203.8! 145.C 16.9 5.6 2.7 13.9 6.8 8.2 4.0
Madagascar 115.1 99.1 4.4 16.0 13.9 329 28.6. 20.9 18.1
Mali 313.2 179.€ 26.9] 11.8 3.7 34.7 119 12.6 4.0
Mauritania 65.3 54.:2 1.0 4.6 7.3 14.1 21.6 4.6 7.0
Mozambique 202.5 114.¢€ 12.7| 1.2 0.4 4.8 2.3 2.3 1.1
Namibia 164.2: 133.2 3.6 1.5 0.9 4.3 2.4 1.5: 0.9
Niger 172.0 128.€ 19.9 14.2 8.3 40.3 234 15.94 9.2
Nigeria 299.0! 145.€ 108.4 8.6 2.9 22.7 7.4 15.2 5.0
Guinea-Bissau 1.0 0.1 0.0 0.0 1.4 0.0 3.9 @3 2.7
Senegal 97.41 50.1 12.1] 6.1 6.3 13.2 13.5 9.0 9.3
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Table B2 (continued)

NPP, NPP losses
Country/Region Drylands Grazing lands Croplads Minimum estimate Maximum estimate '‘Bestgess' estimate
[Tg Ciy] [Tg Ciy] [Tg Ciy] [Tg Ciy] B " [Tg Ciy] " Mooy PyoieEem

Somalia 76.7 65.2 3.2 2.1 2.1 4.9 6.4 2.5 33
South Africa 201.0 150.€ 24.2] 6.2 3.1 18.2 9.q 8.4 4.2
Zimbabwe 157.1 69.2 13.1 2.5 1.4 6.6 4.2 3.1 1.9
Sudan 750.7. 555.4 89.6] 24.8 3.3 69.9 9.3 33.1 4.4
Swaziland 55 34 0.4 0.0 0.9 0.1 1.8 0.0 1.0
Togo 12.7 3.¢ 4.9 1.2 9.6 2.6 21.07 1.8 141
Uganda 8.6 3.1 3.4 0.9 11.4 1.8 21.2¢ 11 13.0
United Rep.Tanzania 75.5 48.4 3.6 3.1 4.2 7.6 10.0 3.9 5.2
Burkina Faso 156.7 91.€ 22.1 19.1 12.1 40.7 25.9 22.6 14.4
Zambia 83.0 46.1 6.4 1.2 14 3.2 3.91 14 1.7
Total Sub-Saharan Africa 4543.1: 3078.6 486.4 167.8! 3.6 427.2. 9.4 215.1; 4.7¢
Algeria 68.6! 35.7 22.1 3.5 5.] 9.8 14.3 7.8 11.3
Azerbaijan 26.2. 15.€ 5.8 0.4 1.6 1.2 4.7 0.5 2.0
Armenia 10.4 6.C 2.1 0.1 1.3 0.3 3.3 0.1 1.4
Cyprus 33 2.1 0.5 0.1 3.4 0.3 10.q 0.1 3.9
Georgia 13.0 4.1 3.1 0.1 1.4 0.4 3. 0.2 2.0
Iraq 68.4. 40.5 20.4] 10.5 154 25.1 36.7 14.1 20.6
Israel 3.3t 1.1 1.3 0.3 10.3 1.0 31.3 0.1 51
Jordan 4.1 2.t 0.9 0.4 9.5 1.0 264 0.5 12.4
Kuwait 0.7¢ 0.2 0.1 18.9 0.3 37.9 0.0 9.0
Lebanon 2.6% 1.4 1.0 0.4 154 1.1 427 0.5 20.1
Libyan Arab Jamah. 27.7 16.5 5.3 0.9 3.5 4.1 15.4 1.6 5.8
Morocco 86.3 41.¢€ 32.3 1.3 1.4 3.8 4.4 3.0 3.5
Oman 1.2! 0.7 0.0 0.0 0.4 0.0 2.0 0.0 0.4
Saudi Arabia 6.2 1.1 0.2 0.3 5.4 0.8 13.4 0.0 1.2
Syrian Arab Republic 41.2 19.¢ 18.7| 7.3 17.§ 185 449 10.7 26.0
Tunisia 21.8 2. 16.1 1.2 5.4 4.4 20.1 6.6 30.2
Turkey 248.1 115.¢ 88.7| 18.1 7.2 47.4 19.1 23.2 9.3
Egypt 2.4¢ 0.€ 0.1 0.0 2.5 0.1 7.3 0.0 0.9
Yemen 5.11 2.€ 0.6 0.1 2.2 0.2 4.9 0.0 11
Total Northern Africa and Western Asia 641.3¢ 311.9 219.7 45.7: 7.1 120.5: 18.7 69.7! 10.87
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Table B2 (continued)

NPPR, NPP losses
Country/Region Drylands Grazing lands Croplads Minimum estimate Maximum estimate '‘Bestgess' estimate
[% of NPPgin [% of NPPgin [% of NPPgin
[Tg Ciyr] [Tg Ciyr] [Tg Ciyr] [Tg Ciyr] drylands] [Tg Ciyr] drylands] [Tg Ciyr] drylands]]

Kazakhstan 793.7. 658.¢ 88.5| 16.3 2.4 46.7 5.9 20.6 2.6
Kyrgyzstan 45.5 36.C 5.0 0.1 0.3 0.4 0.9 0.0 0.2
Russian Federation 1891.9 447.C 439.8 2249 11.4 378.8 20.G 2239 11.8
Tajikistan 19.0 11.¢ 3.2 0.1 0.4 0.8 4.2 0.2 1.3
Turkmenistan 62.41 58.C 2.8 2.8 4.4 7.2 11.5 2.6 4.2
Uzbekistan 65.9 43.¢ 12.3 2.7 4.2 8.9 13.4 25 3.7
Vel Comiel| sl 2 e e 2 878.5¢ 12565 551.9 247,11 8.5 443.0! 15.3 250.0. 8.6¢
Federation

Afghanistan 113.6! 88.23 19.2 0.8 0.1 1.9 1.7 0.8 0.7
Sri Lanka 11.5 5.0C 2.4 0.2 2.4 1.3 12.q 11 9.6
India 844.2( 1394 568.3 68.01 8.4 168.4 19.9 95.2 11.2
Iran(Islamic Rep. of) 263.5' 198.06 42 .4 4.5 1.1 135 5.1 4.4 1.6
Nepal 7.7 1.€ 2.6| 0.1 14 0.5 7.3 0.2 2.6
Pakistan 57.2 233 24.3 53 9.9 154 26.9 45 7.9
Total Southern Asia 1297.9: 455.4 659.4 79.0¢ 6.0 201.3! 15.5 106.4- 8.2(
Myanmar 17.0 5.8 9.5 0.0 0.49 0.4 24 0.5 3.1
Indonesia 36.0! 14.4 8.5 0.8 204 2.3 6.6 1.7 4.8
East Timor 10.5 6.4 0.5 0.3 37 0.9 9.3 0.3 3.1
Thailand 26.1 10.€ 12.8 4.9 19.d 12.9 49.4 7.8 30.1
Total South-Eastern Asia 89.8( 37.6 31.5 6.2t 6.9 16.71 18.6 10.5( 11.6¢
China 915.5 570.2 185.8| 52.1 5.1 162.8 17.79 480 5.3
Mongolia 121.7 102.€ 1.1 1.1 0.9 3.1 2.9 0.61 0.5
Total Eastern Asia 1 037.3: 673.2 186.9 53.2¢ 5.1 166.0: 16.0 49.5; 4.71
Australia 2 299.3 956.3 164.8| 16.6 0.1 70.7 3. 23.9 1.0
Papua New Guinea 3.2 0.6 0.0 0.4 0.0 0.1 0.0 0.0
Total Oceania and Australia 2 302.5¢ 957.0 164.8 16.6¢ 0.7 70.7: 3.0 23.9( 1.0¢
World 19 618.2. 9791.7 3433.7 799.4: 4.0 1973.0 10.0 964.8( 4.9;

Sources: Habe#t al. (2007), own calculations
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Table B 3.National calculations of land-use related ‘bestsguestimates

NPPy NPP losses
Country/Region Drylands Grazing lands Croplands Grazing lads Croplands Total
[% of NPPy in total
[Tg Clyr] [Tg Clyr] [Tg Clyr] [Tg Clyr] [% of NPP) [Tg Clyr] [% of NPP ] agricultural area ]

Canada 815.1 135.5 194. 1. 1. 13.¢ 4.
United States 1376.4 804. 307. 21. 2. 13.¢

Total Northern America 2192.( 939. 502.2 2318 2.t 27.3 5.4 3.5
Argentina 682.41 517 53. 8. 3.¢ 7. 2.
Bolivia 444! 181 13. 9. 1.¢ 14. 5.€
Brazil 1013. 472, 85. 19. 4. 12.5 14.9 5.’
Chile 53.1 38 2. 1. 0.1 4. X
Colombia 183. 122 8. 1. 0.8 0.7 8. 1.
Cuba 11. 4 3. 0.C 0.1 4. K
Dominican Republic 2. 0 1. 0.l 0. 10. 6.
Ecuador 148. 14. 15. 0.. 2.1 13. 7.
Haiti 0.8 0 0.1 39.1 0.C 81.. 57.1C
Jamaica 3. 0 0.0 0.2 23.3i 16.:
Mexico 528. 179 89. 9. 5. 13.8¢ 15.. 8.’
Paraguay 169.1 52 14. 0.l 0.1 0.C 0.
Peru 375.1 97 8. 3.27 3. 0.7 3.
Trinidad and Tobago 0. 0 0.0 0.l 5. 0.C 20. 7.
Venezuela 376.: 213.6 17. 5.! 2. 1.€ 3.
Total Latin America and the Caribbean 3994.2 1895 3144 59.% 3.1 38.4 122 4.4
France 1. 0.2 0.l 8. - - 6.1
Germany 10.7 0.0 2. - - 0.7
Greece 26. 10. 0.. 2. 0.t 4.6 3.
Italy 27. 9. i 9. 0.6 6. 8.
Portugal 15. 6. 0.! 11.2 2.1 45.( 30.(
Spain 177.. 61 73. 2.7 4. 9.¢ 13. 9.
Total Western Europe 258.t 86.! 104.0 4.4 5.1 13.5 13.C 9.4
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Table B3(continued)

NPP,y NPP losses
Country/Region Drylands Grazing lands Croplands Grazing lads Croplands Total
[% of NPPy in total
[Tg Clyr] [Tg Clyr] [Tg Clyr] [Tg Clyr] [% of NPP) [Tg Clyr] [% of NPP ] agricultural area ]

Bulgaria 30.: 6 14, 0. 1. 1.0 7. 5.
Czech Republic 6.. 0.68 3. 0.0 6.! 0.2 K 7.0
Hungary 25.! 7.0 15. 0. 6. 1. ¥ 6.t
Republic of Moldova 17.! 3 11. 0. 17. 4.1 36.! 32.€
Poland 37. 8 17. 0.! 6.! 3. 21.0 16.:
Romania 43, 13 23. 2. 15. 6.8 29.0 24..
Ukraine 207.i 57 118. 6.! 11.5 43.¢ 37.0 28.
T.F.Yug.Rep. Macedonia 4. 1 12 0. 8.l 0.2 21, 14,
Yugoslavia 8. 1.07 5. 0.l 7. 0.¢ 13. 12.
Total Eastern and South-Eastern Europe 382.6 99.. 211.9 10.€ 10.% 62.1 29.2 234
Angola 130.¢ 100.4! 4, 0.. 0. 0.( 0.! 0.
Botswana 200. 144, 1. 5! 3. 0.1 11. K
Cameroon 34. 19 7. 2! 12.. 1. 19. 14.5
Central African Rep. 83.! 46 4, 0.l 0. 0B 0.! 0..
Chad 305.! 235. 18. 5. 2. 1. 7. 2.
Congo 0. 0. 0.01 5. 0.( 27.. 6.!
Dem. Rep. of Congo 8. 3 0.0 0. 5.1 0.C 36.. 5’
Benin 65.! e 12. 0. 2. 1.¢ 13. 5.
Ethiopia 296.: 267. 13. 14. 5. 2. 19.! 6..
Eritrea 21.7 14 2. 15. 0. 21, 16.4.
Dijibouti 4. 0. 0.( 1. - - 1
Gambia 5.i 1. 0.l 0.! 0.z 15/ 7.
Ghana 104.1 60 20. 2. 3.8 1.¢ 9. 5.
Guinea 22.! 17 0. 0.( 0. 0.( 3. 0..
Céte d'lvoire 95.( 39 21. 0. 0.1 1.t 7. 2!
Kenya 203.1 145.C 16. 4. 3. 3. 19.! 5.
Madagascar 115.1 99 4, 19. 19. 1.1 26.1 20.1¢
Mali 313. 179. 26. 10.! 5! 2.€ 9.83 6.
Mauritania 65.. 54 1. 4. 7. @3C 28 8.:
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Table B3(continued)

NPP, NPP losses
Country/Region Drylands Grazing lands Croplands Grazing lads Croplands
[% of NPPy in total
[Tg Clyr] [Tg Clyr] [Tg Clyr] [Tg Clyr] [% of NPPRy [Tg Clyr] agricultural area ]

Mozambique 202.! 114 12. 1. 0.9¢ 1. 9. 1.4
Namibia 164.. 133 3. 1.4 1. 0.( 2. 1.
Niger 172.1 128. 19.9 11. 9. 4.1 20.! 10.
Nigeria 299.( 145.6. 108. 5.1 3. 10.: 9. 5.¢
Guinea-Bissau 1.0¢ 0 0. 0.1 7. 0. 22.1 13..
Senegal 97. 50 12. 5. 10. 3.8 31. 14}
Somalia 76. 65 3. 2. 3. 0.1 3 37
South Africa 201.1 150. 24. 5. .3¢ 2. 11. X
Zimbabwe 157. 69 13. .9¢ 2. 1. 8. K
Sudan 750. 555. 89. 20.( 13.2 14. 5.
Swaziland 5. 3 0.l - 1!
Togo 12! 3. 4. 0. 10. 1. 27.1 20.:
Uganda 8.€ 3 3. 0.l 21. 0.¢ 12. 17.1
United Rep.Tanzania 75.! 48 3. 3. 6.1 0.7 20.2 7.
Burkina Faso 156. 91 22. 16.! 17.53 6.t 29.1 19.!
Zambia 83.1 46 6. 1. 2. 0.2 5! 2.
Total Sub-Saharan Africa 4543.1 3078.( 486.4 150.( 4.8 65.1 13:¢ 6.0
Algeria 68.1 35 22. 2. 6.¢ 5. 23.! 13.
Azerbaijan 26.. 15 5. 0.z 1. 0.2 K 2.
Armenia 10. 6 2. 0.l 1. 0. 3. R
Cyprus 3. 2.1 0.l 3. 0. 12.; 4.
Georgia 13.0 4 0.l 1. 0.2 6.0 3.6¢
Iraq 68.: 40 20. 8. 20. 5.7 28. 23..
Israel 3. 1 0. 10. @5 3. K
Jordan 4. 2 0. 0. 9.6¢ 0.z 29.! 14.
Kuwait 0. 0 0.0 27. - 27..
Lebanon 2.0 1 1.0 0.. 14. 0.2 31.! 21.0
Libyan Arab Jamah. 27. 16.! 5. 0. 2. 1.2 22.. 7.
Morocco 86.3 41 32. 0.1 1. 2.4 7. 4.1%
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Table B3(continued)

NPP, NPP losses
Country/Region Drylands Grazing lands Croplands Grazing lads Croplands Total
[% of NPPy in total

[Tg Clyr] [Tg Clyr] [Tg Clyr] [Tg Clyr] [% of NPP) [Tg Clyr] [% of NPP ] agricultural area ]
Oman 0 0.l 0. - -
Saudi Arabia 0.l 7. - - 5.4
Syrian Arab Republic 41. 19 18. 3.6 18. 7.1 37. 27.
Tunisia 21. 2 16.1 0 5.i 6. 39.! 34.
Turkey 248.. 115.9 88. 10. 8. 12.¢ 14.. 11.
Egypt 2.44 0 0, 0.0 3. - - 2.8
Yemen 5.11 2.6% 0.69 0.0¢ 2.1¢ - - 1.7¢

Kazakhstan
Kyrgyzstan
Russian Federation
Tajikistan
Turkmenistan
Uzbekistan

Afghanistan

Sri Lanka

India

Iran(Islamic Rep. of)
Nepal

Pakistan

793
45.!
1891
19.1
62.
65.97

113.€
11.

88

139
198.

23

439.
3.2

12.

14. 2.
0.l 0.2t
117.6 26.;
0 0.

2! 4.

1. 4.

0.

2.

16. 12.
3 1.7

0.C 1.
2 9.

5.€ 6
106.2 24..
0.] 4.!
0.C 2
0.€ 5

0.C 0.«
1.( 41.4
78.5% 13.
1.( 2!
0.1 6.!
2.2 9



_SL_

Table B3(continued)

NPPy NPP losses
Country/Region Drylands Grazing lands Croplands Grazing lads Croplands Total
[% of NPPg in total
[Tg Clyr] [Tg Clyr] [Tg Clyr] [Tg Clyr] [% of NPP) [Tg Clyr] [% of NPP ] agricultural area ]
Myanmar 17. 5 9.5 0.0 0. 0.t 5. 3.
Indonesia 36.1 14.4: 2. 1.3 15. 7.
East Timor 1066 6 3. 0.1 16.1 A
Thailand 26.. 10 12. 1. 17. 6.( 46.4 33.1
Myanmar 17.1 5 9.5 0.l 0. 0.f 5. 3.
Indonesia 36.1 14.4: 2. 1.2 15.¢ 7.
East Timor 1066 6 3. 0.1 16.1 4.
Thailand 26.. 10 12. 1. 17. 6.C 46. 33.1
China 915.! 570. 185. 47.4 8. 1.( 0.5¢ 6.4
Mongolia 121/ 102. 1, 0.l 0. 0.0: 0. 0.!

Australia
Papua New Guinea

Sources: Habest al. (2007), own calculations

2299.

956.

164.

8.! 0.! 14.¢ 9.(
0.l 0.1 - -



B.2 Additional Figures

Spatial distribution of all databases integrated in GLASOD

Climate zones for identification of desertification

- ASSOD l:, Mexico
(van Lynden & Oldeman 1997) (SEMARNAT 2002) - arid
[ SOVEUR (| South Africa
(van Lynden 2000) (Hoffman et al. 1999) - semi-arid
Russia Desertification map of Asia .
L (Stolbovoi & Fischer 1998) == (Kharin et al. 1999) [ drysubhumid

Figure B 1.Desertification datasets used to update GLASOD tmdprm COMSAD map;
grey shaded areas show the dryland climate zom&s &emi-arid and dry sub-humid), drylands witHlge
background are associated with GLASOD database.
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Figure B 2. Desertification extent per gridcell of the four degs in COMSAD: light degree (a), moderate
degree (b), strong degree (c) and extreme degjee (d
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Figure B 3. Desertification extent of COMSAD-LU (COMSAD map Witand-use datasets) used for the ‘best
guess’ estimate
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NPP losses
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Figure B 4. Maps of NPP losses of the minimum-maximum estimate

Figures a and b show the reduction calculated énniimimum estimate as percent of NRidd as g C/mz3/yr;
figures c and d show the results of the maximuroutation; grey areas are non-dryland areas notiders in
this study; the light yellow areas are not affedigdiesertification
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Figure B 5. Map of NPP losses of the ‘best guess’ expressedrivon flows with a high value of 525 g C/mz2/yr
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Figure B 6. Maps of NPP losses of the ‘best guess’ estimataratgrl by land-use classes.

Figures a and b show the NPP losses in croplangermentage losses of NP&d as carbon flows per year;
NPP losses in grazing lands are shown as % of Kfigfare c) and as carbon flows (figure d)

-79 -



Annex C — Poster

Net Pl'imal'y PrOdUCtion |Osses due socialecologyvienna @

ALPEN-ADRIA

to human-induced desertification puvemsiar ¢

Michael Zika & Karl-Heinz Erb
Institute for Social Ecology. Klagenfurt University, Schottenfeldgasse 29, 1070 Wien, Austria

Introduction
Th going trar terrestr g cycles productivityleading to degradation and desertification, Though there s stilla high uncertainty of the
level of degradati ification. W study of tying d if n by calc onnetprimary ction. A alculation (Haberl st &l 2007) estimated that
23.8% of global potential productivityis appropriated by humans.
Theimpact of desertification, defined as Ianddaw di Vinarkd, j-arid and dry sub-humid i dby Vitousek 'e\f tiQ&E]lmhs-r firstglobal ofhuman lationol primary
production as2.25g Clyr. Duato yimpi GIs gradationdata and land cover i ithady gl del {LPJ) (Sitch et al, 2003; Gerten ef al 2004) toestimate
NPP i NP f humaninducer iticationp
‘Wepresent the first 5x5min D L andNPPio 1 ¥
Data and Methods Thenetprimary production losses were

P @ cale onagri arsasinorderio
‘We usadthe GLASOD (Oldeman af st Aoy imanimpact
al 1891). the firstglobal dataset on P Therelore aglobalcropland datasetanda
soildegradationavailableas GIS r globalgrazing dataset were used.
dataset, asourbase map. Several NPP calcuations arebasedon the HANPP

recent GIS based solldegratation defintion by Haberl et al. (2007), They defined

maps were combinedwiththe NPP,_astheditference betweenNFPF, and

GLASODmaptoanewly aranged NPP_ including soil degradation.

worldmap. puli Forourinvestigationwe usedthe LPJ

Therirlandares (i, semiarkd T dynarr:lcgiobal vegetation model o derlve

and drysub-humid) were sunlbren pr Sl i

exirapotatedby usingthe Hurmidy al EDBE] andnon-productive areas with NPP

Index (ratioof P/PET) between 0,05 _‘:zcg GCim?lyr were addedto exclude climate

and0.65. Theclimata dataforthe R pisseshpbon imation were

i Fig. 1. Schare af cormpiling the oew mag o1

gr:fgg::::&“jﬂmgtﬂg? caleulatedby using literature derived Fig. 7. Scham ofthe calculation of NP osses duo ta deserifcation n
percentage lossesof NPP, on degraded Agoy i srems
areas.

Results dade Humanir fdryland

l leadto aNPPloss of 865 Tg Cyr'or 7.29%o0l -
Thenewly arranged worldmap on el 1 potential primary praduction inagriculiuralareas in -

deserlbllcalmn shows anextentof 11.8 million

drylands. Theregions with the largest refative loss

km?. Combi datawith perm? are South-Eastern Asia and Eastern & - '
use dataforthe year 2000 we calculated the South-Eastern Asia in cropland areas with 197 g -
total extenton agricultural areas as 8.5 _ C myr' and 158 g C m°yr' respectively. Grazing 3 o
million km® excluding 1. Tmnlilunkm’of lands have an overall NPP loss of 5% compared =~ =
and non-pi The = | to croplands losing 14% of the potential primary -
mismatch of ~0.6 millionkm? is due to production. Semi-arid regions account more than o
inconsistent databases. Grazing is the 50% of the total loss with 510 Tg Cyr'. o
dominant land-use type in drylands and the . Our maximum estimate with 1 975 TgCyr' is " —
desertified areas in grazing lands amount </',;’":r'\::/""/’:/'f:’",‘.f"’:v",l,f:./"b mare than twice our intermediate calculation s~
about 74% of total degraded land with s Sl St while our minimum estimate is only slightly lower Fig.8. Tota amountof NP oases o urminmum, msmum
{, _/‘ i with 789 Tg Cyr”. anwtieanmmadiate calculanion compnd

Fig. 3. Ragianial breshdown of degratiation sxssnt in dnytand
wraas (And. semsand and dry sub-humid) i km®

s .t T
- > =9
k. ¥ "
i -
:
3 Vill i =
’ L
o
- 1 i L
¥
. . |
/' ///'/'/’f/ »
7 ,' ‘.f
Fig 4. Finintiv PP Insses porm*compared o NPE, in Fig 7. Map of NPRiosses e {5 desariitiontion 'nu!lc(vln; Wep pgvgm:u. i
Fig. 4 Map ondesartitication extant in percent par grideel) regimaltraaklown
Discussion and Conclusion
= Ourestimate of 865 Tg Cyr ' reduction of p: y production is significantly lower thanthe calculation of Vitousek et al. (2250 Tg Cyr').
» Considering the m:enlca!culatmnanahml el al (QDDTJam resultsamount 15. 3 oftotal ANPP, and 6. manlghbalpnmarypmduclmn appropriated by humans.
« Ourfinding agruemholhers!udleslhalﬁ'len ia thatthe Sahali icate major soil degradation effects (e.g. Lepers et al. 2003).
» Theregions affected by high NPP p activites for sustair lessaffectedareas. Sou Eastern Europe washighly concerned with heavy machinery and pollution in
the past, while South-Eastern Asiaans Easlsm A5|aa.ra facing rapid land‘cavermmersmnsie croplands Ieadmgwproduclmry\essas
= Duetoremaining thereisaneedfor lculations and for impro
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