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1. Introduction.

M. Kirkby1 and C. Kosmas®
"University of Leeds, School of Geography
? Agricultural University of Athens, Laboratory of Soils and Agricultural Chemistry

Desertification is the consequence of a set of important processes which are active in arid and
semi-arid environments, where water is the main limiting factor of land use performance in
ecosystems. In the context of the EC MEDALUS (Mediterranean Desertification and Land
Use), the focus here is primarily on European Mediterranean environments where physical
loss of soil by water erosion, and the associated loss of soil nutrient status is identified as the
dominant problem. In more arid areas, there is greater concern with wind erosion and
salinisation problems, but these are considered to be less significant than water erosion for the
northern Mediterranean area.

Environmental systems are generally in a state of dynamic equilibrium with external
driving forces. Small changes in the driving forces, such as climate or imposed land use tend
to be accommodated partially by a small change in the equilibrium and partially by being
absorbed or buffered by the system. For example, an increased rate of soil erosion commonly
leads to an increase in soil stoniness both at the surface and within the soil profile. These
changes lead to both a greater resistance to erosion due to surface armouring, and to improved
water retention as organic matter in concentrated within the fine fractions of the soil. Both of
these changes tend to offset and buffer the effects of increased erosion. In many cases, the
effects of an external change are also reversible, so that, for example a reduction in erosion
will allow coarse material to weather slowly back to finer fractions.

Desertification of an area will proceed if certain land components are brought beyond
specific thresholds, beyond which further change produces irreversible change. For example,
soils may eventually become so stony that they can only degrade towards scree or bare
bedrock. Climate change cannot bring a piece of land to a desertified state by itself, but it
may modify the critical thresholds, so that the system can no longer maintain its dynamic
equilibrium.

Indicators of Desertification may demonstrate that desertification has already
proceeded to its end point of irreversibly infertile soils, for example as rocky deserts or highly
sodic soils. The most useful indicators, however, are those which indicate the potential risk of
desertification while there is still time and scope for remedial action.

For a European Strategy of Action against desertification, it is essential to adopt a
nested approach so that limited resources are applied in a cost effective manner. At the
coarsest scales it is essential to adopt a uniform, objective and scientifically based
methodology which identifies regions where the risk of desertification is highest. At this
scale, it is impossible to identify single fields or communities precisely, but only to identify
the regions for which more detailed work is required. These Regional Indicators should be
based on available international source materials, including remotely sensed images,
topographic data (maps or DEM’s) climate, soils and geological data, at scales of 1:250 000 to
1 000 000). At these scales the impact of socio-economic drivers is expressed mainly through
patterns of land use. Regional Indicators may be used as a base-line for allocation of funds
and expertise between countries and between regions within a country. Each Regional
Indicator or group of associated indicators should be focused on a single process, for example
water erosion. In this way planners and policy makers are able to make informed decisions
about the processes in which they seek to intervene.

Once Regions at Risk have been identified, the second nested scale of investigation
must lie within each Region. At this second scale, applied to a Province or River catchment
(500 - 5 000 km?), much of the data may still be obtained from maps at 1:25 000 to 1:50 000,



but these will need to be substantially supported by field survey. Such intensity of research
effort is only justified within Regions at Risk. The proposed methodology at this scale is
through the identification of Environmentally Sensitive Areas (ESA’s) through a multi-
factor approach based on both a general and a local knowledge of the environmental processes
acting. At this scale it is appropriate and possible to pay much more attention to detailed soil
and vegetation properties, and to local topographic factors such as gradient and aspect.

The final nested scale is of local remediation or mitigation action plans. At this scale,
the interplay of physical needs and socio-economic possibilities becomes dominant, and can
only be carried to a successful conclusion with the full participation of local communities.

This work focuses on the choice of appropriate indicators at the European/National
(RDI) and Regional (ESAs) scales; and illustrates their application to identifying ESAs for
three target areas defining during the execution of MEDALUS Project and located in Greece
(the island of Lesvos), Italy (the Agri basin in Basilicata), and Portugal (Alentejo region).



1. Introduzione*

La desertificazione ¢ la conseguenza di una serie d’importanti processi che sono attivi in
ambienti aridi o semi-aridi, dove [’acqua é il fattore limitante principale per il rendimento del
suolo. Nel contesto del Progetto UE Medalus (Mediterranean Desertification And Land Use),
["attenzione e rivolta principalmente agli ambienti del Mediterraneo dove la perdita fisica di
suolo, causata dall’erosione idrica e, la conseguente perdita d’elementi nutritivi sono i
problemi dominanti. In aree piu aride, c’é piu interesse per l’erosione eolica e per i problemi
di salinizzazione, ma questi sono considerati meno significativi dell’erosione idrica per [’area
del nord mediterraneo.

Generalmente i sistemi ambientali sono in uno stato d’equilibrio dinamico con i fattori
esterni. Piccoli cambiamenti di questi fattori, come il clima o ['uso del suolo tendono ad
essere parzialmente contenuti da un piccolo cambiamento nell’equilibrio e parzialmente
assorbito o tamponato dal sistema. Per esempio, un incremento del processo d’erosione di
solito porta ad un incremento della pietrosita del suolo conseguente al trasporto delle
particelle fertili di suolo superficiale. Questi cambiamenti portano di solito ad una maggiore
resistenza dello strato superficiale all’erosione, dovuta alla presenza in superficie di
materiale grossolano e alla migliore ritenzione idrica. Entrambi cambiamenti tendono a
compensare e tamponare gli effetti dell’ aumentata erosione. In molti casi, gli effetti di un
cambiamento esterno sono anche reversibili, in modo che, una riduzione dell’erosione
permettera, nel tempo ad una maggiore disgregazione in frazioni piu fini del materiale
grossolano.

La desertificazione di un’area verifichera se certe componenti del suolo sono portati
via oltre specifiche soglie, che potranno produrre cambiamenti irreversibili. Per esempio,
suoli possono diventare, a seguito di processi d’erosione tanto pietrosi essi potranno
degradare solo verso ghiaioni o verso la roccia madre. Cambiamento nel clima, da se, non
puo portare alla desertificazione di una superficie di terreno, ma puo modificare le soglie
critiche in modo che il sistema non puo piu mantenere il suo equilibrio dinamico.

Gli indicatori di desertificazione potranno dimostrare che la desertificazione e gia
arrivata al punto d’irreversibilita di alcuni terreni non fertili, per esempio deserti, zone
rocciose o suoli con alto contenuto sodico. Comunque, gli indicatori piu utili sono quelli che
indicano il potenziale rischio di desertificazione quando c’eé ancora tempo per azioni di
rimedio.

E’ essenziale, per gli interventi comunitari contro la desertificazione, di adoperare un
approccio chiaro per limitare le risorse da applicare. Sarebbe opportuno adoperare una
metodologia uniforme, ed un obiettivo scientifico basato su larga scala che individui regioni
dove il rischio di desertificazione é piu alto. E’ impossibile di identificare campi singoli o
comunita in modo preciso a scala ampia, ma sarebbe possibile identificare le regioni dove e
richiesta un lavoro piu dettagliato. Questi Indicatori Regionali (RDI) dovrebbero essere
basati su materiali internazionali disponibili, includendo immagini satellitari, dati topografici
(mappe e DEMs), dati climatici e geologici e del terreno, alle scale uno: 250 000 a 1 000 000.
L’impatto degli aspetti socio-economici, a queste scale, é principalmente espresso attraverso
schemi d’utilizzazione del suolo. Gli Indicatori Regionali potranno essere usati come base
per [’allocazione dei fondi ed esperienze tra nazioni o tra regioni dentro la nazione. Ognuno
degli Indicatori Regionali o gruppi d’indicatori associati dovrebbero essere focalizzati su un
singolo processo, per esempio erosione idrica. Questo mettera in grado i pianificatori o
politici di prendere decisioni informate sui processi che si vogliono limitare.

Una volta che le Regioni a rischio sono state identificate, il secondo approccio dovra
essere fattodentro ogni Regione. A questa seconda scala, applicata a livello di bacino o
Provinciale (500 — 5 000 km?), molti dati potranno essere ancora presi da mappe 1: 25 000 a
1:50 000, anche se ci sara bisogno di supportare il tutto tramite rilievi in pieno campo.



L’intensita di un tale sforzo di ricerca puo solo essere giustificata dentro Regioni a rischio.
La metodologia proposta, a questa scala, e attraverso [’identificazione d’Aree Ambientali
Sensitive tramite un approccio multifattoriale basato sia sulla conoscenza generale sia su
quella locale dei processi ambientali in atto. A questa scala e appropriato e possibile
rivolgere piu attenzione alle proprieta del suolo e della vegetazione in modo dettagliato, ma
anche sui fattori topografici locali.

La scala finale a livello locale e per favorire azioni di mitigazione. L’interazione tra
fattori fisici e possibilita socio-economiche diventa dominante;, questa scala, puo essere
portata ad un successo solo con la piena partecipazione delle comunita locali.

Questo lavoro focalizza [’attenzione sulla scelta d’indicatori appropriati a scala
Europea/Nazionale (RDI) e Regionale (ESAs) e illustra la loro applicazione per identificare
ESAs per le tre aree target, definite durante [’esecuzione del Progetto MEDALUS, localizzati
in Grecia (Isola Lesvos), Italia (bacino dell’Agri), e Portogallo (regione d’Alentejo).

* The translation into Italian has been made by: Dr. Achille Mastroberti, Universita degli
Studi della Basilicata, Dipartimento di Produzione Vegetale.



1. Eicaywyn*

H arepriuwaon eivar 1o omotéieouo iag oeIpos GHUAVTIKOV OIEPYATIOV TOD LOUPAVODY YDPa.
oe {npd. kou nuicnpa mepiforiovia, Omov 10 VEPO €Ival 0 KOPLOG TEPLOPLOTIKOS TOPCYOVIOS
omoooons ™S YHG. 2ta. mialoia t0v mpoypouuotos s Evpwmaikns Evwons MEDALUS
(Meooyeiaxn Amepnuwaon kou Xpnon 1ng), n omepniuwmon ueletnOnke xvpiwgs oto. Evpwmaika
Meooyeioxd, mepiffallovia Omov 1 amWAELD. €0GPOVS AOY® OIGPPWENS Koi 1 cvvakolovn
OTWAELO E0APIKOV OPETTIKDV GTOLYEIWV YOPOKTHPILETOL OOV 1 KUPIOTEPH QUTIOL OTEPHUDONG. X€
10100TEPOL ENPES TEPLOYES DIEAPYEL ENIONG TO TPOPANUA THS OLOMKNS JLGLPOONS KoL ) 0OENON THG
0AQTOTNTAS TV E0OAPDV.

To mepifolloviike ovoTHUOTO. EIVOL YEVIKG O€ 10, KATAOTAOH OVVOUIKNG LOOPPOTILOS UE
116 eCWTEPIKES EMOPATEIS TOV IPOVY TAVW TOVG. MIKPES OALAYES OTIC EMOPATEL QVTES, OTWS
70 KAUOL 1 ypnon yng teivovy va e100ppornbody uepiKds ue wio [Kpn aAloyn oto onuelo
100PPOTIOS Kol UEPIKAS omoppopodvTal i pvBuilovtal amd to abotnue. 1o mopdoeryua Evag
ovénuévos poluds d1afpwons aoyva. 0onyel ae adénon TV TETPWOOVS, TOGO TTNYV EMPAVEL
000 KOl GT0 E00PIKO TPOPIL. AVTES 01 OALAYES 00NYODY O UeYaLDTEPN avTioTaon atn dafpwaon
Aoyw e «Bwpakionsy TS EMPAVELOS Koi Tl PeATIoN TOYKPATNONS THS DYPOCLAS KOHWS 1
OPYOVIKI] 0DGIO. COYKEVIPOVETAL GTO. AETTOKOKKO, KAdouato tov edapovs. Kair o1 dvo avtég
oAlayég Teivovy va ovtiotaBuicovy kai va. poOuicovy TiG GOVETELES TS AVENUEVNS ILGPpWoTNG.
2e TONLES TEPITTWOEIS O1 OVVETEIES UI10G ECMTEPIKNG UETAPOANG EIVOL  OVATTPEWILES ETOL DOTE
VIO TOPGOEIYUO. UIO. UELWON THS OLOPPOONS VO ETITPEYEL OE YOVOPOKOKKO VAIKO Va
omoc0Opwbel aT0010K0 OE TO AETTOKOKKO KAGOUOTOL.

H anepriuwon piog meproyns Oa mpoywpnoel e6v GOYKEKPLUEVES TOPGUETPOL CETEPATOVY
OVYKEKPIUEVOL Oplo. TEPQ amo Ta. omoio, kGl emmAéov ueTafor] Tpokalel un ovooTpéyiues
oAhayég. Tia mopaoderyua €6y T0 £00.90g YIvel TOAD TETPWIES TOTE 1] TEPOITEP® UETOPOAN EIVOL 1
UETATPOTN O «OAPESH § YOUVO UNTpiko métpwuo. H alloyn tov kliuatog oev umopei va pépet
EVOL KOUUATL YNS O  KOTAOTOON OTEPHUMONG OO UOVH THG, 0AAG umopel vo. petafdlel ta
Kplowo opia, £T01 OOTE TO COOTHUO VO, UN] UTOPEL VO OLOTHPHOEL TAEOV TH OUVOULIKI] TOD
100ppOTIQL.

H ypnon tov deiktadv amepnuwons Umopel vo. amoocilel 0Tl 1] amepiu@aon Exel on
TPOYWPNOEL OTO TEMKO THS ONUEID TWV U OVOTTPEWIUO GYOVOV EOQPDV, Y10, TOPAOELYUA
TETPAOEIS EPNUOVS 1 TOAD adkatiwuéva. eoapn. Ot To ypHRoluol OEIKTES TAVTIWS EIVOL 0DTOL TOV
OElyVovY TOV OVVHTIKO KIVODVO THG OTEPHUMONS EVED VTGPYEL OKOUO YPOVOS KOl AOYOS Yia
OPAOELS AVTYUETOTLONG.

To o Evporoixny Ztpotnyikn Apdons evaviia otny amepiumon ivol axopaitnto vo,
vioBetnBel o omAn mpocéyyion Etol wate N ypnon TEPLOPIOUEVOD apilBuod dedouévamv va
glvan amoteleouotiky oto ovykekpyevo Oéuo uelétng.  Xe ueyoaldtepes kAiuoxes eivou
omapoitnto vo, vioBetnlel  pio. evioio, QVTIKEWWEVIKY KOI ETIOTHUOVIKG TEKUNPLOUEVH
uebodoloyio mov vo. avayvwpilel mepioyés Omov 0 KIvOLVOS THS ATEPHUMONS EIVaL UEYIoTOG. X
oVTH TNV KALUGKO, EIVAL AODVOTO VO, AVAYVWPLETODY UEUOVUEVO. TEDLO, 1] KOIVOTHTES UE OKPIPELa
0AAG UOVO VO avayvpIaTODY 01 TEPLOYES OOV YPEIGLETOL TIO AETTOUEPTS dovAELD. AvTol o1
Leprpeperaxoi  Aciktes (RDI) Qo mpémer vo Paciloviar oe oiebvag dabéoiuo viiko,
OOUTEPIAOUPOVOLUEVDV OOPVPOPIKDV EIKOVOV, TOTOYPOPIKDV OEOOUEVOV (YGPTES 1 WHPLOKA
vyouetpikd, uovieda — DEM), kliuotikav, £0apoAoyik®V Kol YEWAOYPIKOV 0E00UEVOV O
xliuoxes 1:250.000 écwg 1:1.000.000. X’ avtég Tic KAUOKES 1 ETIOPOOH TWV KOIVWVIKO-
OIKOVOUIKWV ODVGUEDY EKPPALETaL KUPIWS UECW LOVTEAWY ypnong yng. Tlepipepeiaxoi deiktes
UTOopodV Vo, ypnoiuomoinfody oy Loon yio ) KaTovoun Kovovlimv Kol TEYvoyvawaiog HeTald
Xopav kor uetald meproywv s iowas ywpos. Kabe Ilepipeperioxos Aciktng n oudoa
oyeti{opevav uetald tovg ociktawv Qo mpénel vo. eotialovial o€ pio. Lovaolky Jladikooia, yio
TOPCOEIYUO. 1] VOATIKY Olafpwon. M’ ovtdv T0v TPOTO 01 GYEOIATTES OIOYEIPIONS KOI Ol



rolitikol Oa eivar ae Géon vo loufavoov opbéc amopaoeis yio Ti¢ JlOOIKOCIES OTIC OTOIES
EMOIWKODY VO TOPEUSODY.

AmO ™) Ty TOV AVAYVWPIETODY 01 TEPLOYES TOD KIVODVEDOVY 1] EMOUEVH KALUOKO THG
Epevvog TPETEL va. Pploketor péoo, atny TEPIoyn. X avth ) Oe0TEPN KALUaKA TOD EPOPUOLETOL
o€ o mepLpépela i pa Askavy amopporc (500 — 5.000 km?), wollé ané ta dedouéva umopodv
oxouo. vo, eéoybovv omo yopres rliporxog 1:25.000 éwg 1:50.000 aild ovtd o mpémer va
DTOCTHPLYTODY OVOLOGTIKG. OO0 EPEVVES TEDLOV. TETOLO EVTATIKY EPEVVO UTOPEL VO, O1Ka10A0YNOel
Hovo ota dpia. TV mEpIoy@v mov kivovvevovv. H mpotervouevn ucbodoloyio o’ avty thv
Kliuaxo. eivar n avoyvaopion twv lepifoliovura EvaioOntwv eproywv (ESAs) uéoa ano uia
TOLDTOPOUETPIKY] TPOGEYYLTN PATIGUEVH TOGO GE W10, YEVIKN OGO KO O ULO. TOTIKY YVOOTH TV
TEPIPOLLOVTIKDY J1001KOTIOV TOL Aaufavovy yawpa. X ovth v KAluoko. eival KatallnAotepo
Kol 0vvoTo vo, 000gl TEPIooOTEP TPOTOYN O JEMTOUEPEIS LOIOTHTES TOV E0GQPOVS KOl THG
PAaotnong kai o€ TOMIKODS TOTOYPOPIKODS TOPAYOVTES OGS 1 KAlon kol i Ekbeor.

H televtaio kliuaxo eivar oot 1@V TOTIKOV eIV OpaonS OmOKOTACTOONS 1
OVTIUETOTIONG. X~ avTH TV KAIUOKO 1] OLOTAOKH TWV QUOIKMOV OVOYKMOV KOl TV KOIVOVIKO-
OIKOVOULKWV SOVATOTHTOV YIVETOL KOPLapyn Kol UTOPEL vo, 00nynbel ae Eva emToyéS omotéleaua
HOVO UE TNV TANPY COUUETOYH TV TOTIKWOV KOIVOTHTOV.

H mopodoa epyooio  eorialeton oy  emiloyy TV  KOTAAARAQV  OgiKTOV  OF
Evpownoixn/E6vikn (RDI) kou tomixy (ESAs) kAiuoxo ko mopovoidlel tyy epopuoyn toog oty
avayvapion Iepifotioviire EvaicOntov Iepioywv (ESAs) yia tpeig mAloTikéS meployés mov
kabopiotnray koo v ektédean tov mpoypouuotos MEDALUS kot fpioxovior oty EAAGda
(Aéafog), v Italio (n Aexdvn tov Agri oto. Baoilikata) xou v Iloptoyolio (4 mepipépeia
Alentejo).

* The translation into Greek has been made by: Dr. V. Detsis, Agricultural University of
Athens, Laboratory of Soils and Agricultural Chemstry.



1. Introducdo*

A Desertificagdo é a consequéncia de um conjunto de importantes processos que actuam em
ambientes aridos e semi-aridos, onde a agua é o principal factor limitante para diferentes
usos do solo e nos ecossistemas. No contexto do Projecto da Unido Europeia — MEDALUS
(Mediterranean Desertification and Land Use), a abordagem deste problema centra-se
sobretudo nos diferentes ambientes da Europa Mediterranica, onde o processo fisico de
perda de solo por erosdo hidrica e os processos de perda de nutrientes e fertilidade
associados, sao identificados como os problemas fundamentais. Nas dreas mais aridas existe
uma preocupa¢do crescente com os problemas da erosdo edlica e da salinizagdo dos solos,
que sdo, no entanto, menos significativos que a erosdo hidrica para a Europa Mediterrdnica.

Os sistemas ambientais estdo geralmente em estado de equilibrio com as forgas
externas que os condicionam. Pequenas mudangas nestas forgas externas, tais como o clima
ou usos de solo impostos pelo Homem, tendem a ser acompanhadas, por um lado, por
pequenas mudangas no equilibrio do sistema e, por outro, por uma absor¢do ou assimila¢do
dessa perturbagdo no interior do sistema. Por exemplo, um aumento no coeficiente de perda
de solo por erosdo hidrica conduz a um aumento da percentagem de fragmentos rochosos no
solo («quando o solo morre as pedras nascem...!») tanto a superficie como ao longo do perfil
dos horizontes do solo. Estas mudancas conduzem a uma maior resisténcia a erosdo, devido a
protec¢do dada pelas pedras («armadura» do solo) e a um aumento da capacidade de
retengcdo de dagua ja que a matéria orgdnica se concentra na frac¢do mais fina do solo.
Ambas estas mudangas tendem a atenuar os efeitos de um aumento da erosdo. Em muitos
casos, os efeitos provocados por uma perturbagdo exterior sdo também reversiveis, de forma
que, por exemplo, uma redug¢do na erosdo permitira que o material mais grosseiro possa ser
meteorizado lentamente até integrar de novo as frac¢oes mais finas do solo.

A desertificagdo de uma darea continuard se determinadas componentes do sistema
bioprodutivo terrestre forem sistematicamente ultrapassadas nos seus limites, para além dos
quais, qualquer mudanca produzira alteragoes irreversiveis. Por exemplo, os solos podem
eventualmente tornar-se tdo pedregosos que apenas se podem degradar no sentido de um
regolito (solo pedregoso) ou da rocha-mde. A alteragdo climdtica ndo pode por si so tornar
uma area desertificada, mas pode modificar os limiares criticos de mudanca e absor¢do, de
forma que o sistema ndo pode mais manter o seu estado de equilibrio.

Os indicadores de desertificagao podem demonstrar que este fenomeno atingiu ja um
ponto final, tornando-se os solos irreversivelmente inférteis, como por exemplo os desertos
rochosos ou solos altamente sodicos. Os indicadores mais uteis sdo, no entanto, aqueles que
indicam o risco potencial de desertificagdo, enquanto existe tempo e possibilidades de
empreender acgoes para remediar o processo.

Para uma Estratégia Europeia de Ac¢do de luta contra a desertificagdo é essencial a
adopgdo de uma abordagem concentrada na génese do problema, de forma que recursos
limitados possam ser aplicados de uma maneira efectiva em termos de custos. A uma escala
mais alargada é essencial adoptar uma metodologia uniforme, objectiva e de base cientifica,
que identifique as regioes onde o risco de desertificacdo é mais elevado. A esta escala é
impossivel identificar pequenas dreas ou comunidades afectadas de forma precisa, sendo
apenas possivel a identifica¢do de regioes para as quais é necessario um diagnostico mais
detalhado. Estes Indicadores Regionais de Desertificacio (RDIs) devem basear-se em fontes
de informagdo disponiveis internacionalmente, incluindo imagens de satélite, informagdo
topografica (mapas e Modelos Digitais de Terreno — DEMs), clima, solos e informagdo sobre
a geologia, coberto vegetal e uso do solo, a escalas entre 1:250 000 e 1:1 000 000). A estas
escalas, o impacto dos factores socioeconomicos é expresso sobretudo através dos padroes de
usos do solo. Os indicadores regionais podem ser utilizados como uma base para a aloca¢do
de fundos e recursos técnicos entre paises e entre regioes dentro do mesmo pais. Cada



Indicador Regional ou grupo de indicadores associados devera reflectir um determinado
processo, como por exemplo a erosdo hidrica. Desta forma, as autoridades com
responsabilidades no planeamento e na decisdo politica, poderdo ser capazes de tomar
decisoes fundamentadas acerca dos processos nos quais desejam intervir.

Uma vez que estejam identificadas as regioes em risco, a segunda escala de
investigagdo tem de basear-se em cada regido. Nesta segunda escala, aplicada a Provincia
ou bacia hidrogrdfica (500 — 5 000 km’) grande parte da informacdo pode ainda ser obtida
dos mapas a escala 1:25 000 ou 1:50 000, mas esta tarefa devera ser substancialmente
complementada com trabalho de reconhecimento de campo. Um tal esfor¢o de investiga¢cdo
5o é justificado para Regioes em Risco. A metodologia proposta a esta escala baseia-se na
identificagdo de Areas Ambientalmente Sensiveis (ESAs), através de uma andlise multi-
factorial baseada simultaneamente num conhecimento geral e local dos processos actuantes.
A esta escala é apropriado e possivel prestar muito mais aten¢do e analisar com maior
detalhe as propriedades do solo e da vegetagdo e a aspectos da topografia local como o
declive ou a exposi¢do das vertentes.

A ultima escala de andlise integrada concentra-se em planos locais de acg¢do de
combate e mitiga¢do da desertificacdo. A esta escala as interacgoes entre as necessidades
fisicas e as possibilidades socioeconomicas tornam-se centrais e podem apenas ser
conduzidas e concluidas com sucesso com a total participagdo das comunidades locais.

Este trabalho concentra-se na escolha de indicadores apropriados, a escala
Europeia/Nacional (RDI) e Regional (ESA); e ilustra a sua aplica¢do na identificacdo de
ESAs para trés areas de estudo definidas durante a execug¢do do Projecto MEDALUS,
localizadas na Grécia (ilha de Lesvos), Italia (a bacia do Agri, Basilicata), e em Portugal
(regido Alentejo, concelho de Mértola).

* The translation into Portuguese has been made by: Dr. Jorge Mourao, Universidade Nova de
Lisboa, Departamento de Geografia e Planeamento Regional, Faculdade de Ciencias e
Humanas.



1. Introduccion*

La desertificacion es la consecuencia de un conjunto de importantes procesos activos en
ambientes dridos y semiaridos, donde el agua es el principal factor limitante de la
productividad en los ecosistemas. En el contexto del Proyecto MEDALUS (Desertificacion y
Uso del Suelo en el Mediterraneo) de la UE, el punto de atencion bdsico son los ecosistemas
de la Europa mediterranea, donde la pérdida de suelo por erosion hidrica, y la pérdida
asociada de nutrientes se identifica como el problema dominante. En dreas mas dridas hay
una mayor preocupacion en la erosion eolica y la salinizacion, que se consideran menos
significativas que la erosion hidrica en el area del Mediterrdneo norte.

Los sistemas medioambientales estan generalmente en un estado de equilibrio
dinamico con las fuerzas conductoras externas. Ccambios pequeiios en estas fuerzas
conductoras, tales como el clima o un uso del suelo impuesto tienden a ser ajustados en parte
por un pequeiio cambio en el estado de equilibrio y en parte son absorbidos o amortiguados
por el sistema. Por ejemplo, un incremento en tasa de erosion del suelo lleva a un incremento
de la pedregosidad tanto en la superficie como en el perfil. Estos cambios conducen a una
mayor resistencia a la erosion debido al encostramiento, y a una retencion mejorada del
agua ya que la materia organica se concentra en las fracciones finas del suelo. Ambos
cambios tienden a compensar y amortiguar los efectos del incremento de erosion. En muchos
casos, los efectos de un cambio externo son también reversibles, de modo que, por ejemplo,
una reduccion en la erosion permitira que el material grueso se meteorice lentamente en
fracciones mas finas.

La desertificacion de un area ocurrird si ciertos componentes del sistema son llevados
mds alld de umbrales especificos, mas alla de los cuales un cambio posterior es irreversible.
Por ejemplo, el suelo puede finalmente llegar a ser tan pedregoso que solo se puede degradar
hacia un canchal o roca madre desnuda. El cambio del clima no puede llevar a un area al
estado desertificado por si mismo, pero pudiera modificar los umbrales criticos, de manera
que el sistema no puede mantener su equilibrio dinamico.

Los indicadores de desertificacion pueden demostrar que la desertificacion estd ya
operando hacia suelos irreversiblemente infertiles, su punto final, por ejemplo en forma de
desiertos rocosos o suelos altamente sodicos. Los indicadores mas utiles, sin embargo, son
aquellos que indican el riesgo potencial de desertificacion mientras que aun haya tiempo y
oportunidad para acciones de rehabilitacion.

Para una Estrategia Europea de Accion contra la desertificacion, es esencial adoptar
una aproximacion anidada de modo que los recursos limitados sean utilizados de manera
rentable. A las escalas de grano grueso es esencial adoptar una metodologia, uniforme,
objetiva y sustentada cientificamente que identifique las regiones donde el riesgo de
desertificacion es mas elevado. A esta escala, es imposible identificar campos individuales o
comunidades con precision, pero es posible identificar las regiones de las que se requiere un
trabajo mas detallado. Estos Indicadores Regionales (IRD) deberian estar basados en
materiales disponibles internacionalmente, incluyendo imagenes de teledeteccion, datos
topogrdficos (mapas o MDE), clima, suelos y datos geologicos a escalas de 1:250.000 a
1:1.000.000. A estas escalas el impacto de las fuerzas socioeconomicas se expresa
principalmente en los patrones de uso del suelo. Los Indicadores Regionales pueden usarse
como linea de base para la distribucion de fondos y conocimientos técnicos entre paises y
entre regiones dentro de un pais. Cada Indicador Regional o grupo de indicadores asociados
deberia enfocarse sobre procesos individuales, por ejemplo erosion hidrica. De este modo los
planificadores y decisores politicos podran tomar decisiones bien informadas sobre los
procesos en los que pretenden intervenir.

Una vez que la Regiones en Riesgo han sido identificadas, la segunda escala anidada
de investigacion debe ser cada Region. A esta segunda escala, una Provincia o cuenca



hidrolégica (500-5.000 km®), muchos de los datos se pueden obtener aiin de mapas, a escalas
1:25.000 a 1:50.000, pero se necesitarda un apoyo sustancial de la investigacion de campo.
Tal intensidad en el esfuerzo investigador solo se justifica dentro de las Regiones en Riesgo.
La metodologia propuesta a esta escala es la identificacion de Areas Medioambientalmente
Sensibles (AMS) a través de una aproximacion multifactorial basada tanto en conocimientos
generales como locales de los procesos ambientales actuantes. A esta escala es apropiado y
posible prestar gran atencion a propiedades detalladas del suelo y la vegetacion, y a los
factores topogrdficos locales tales como la pendiente y la exposicion.

La ultima escala anidada es la de los planes locales de rehabilitacion o mitigacion. A
esta escala el juego entre las necesidades fisicas y las posibilidades socioeconomicas llega a
ser dominante y solo puede ser llevado a cabo con éxito con la participacion plena de las
comunidades locales.

Este trabajo estd enfocado en la eleccion de indicadores apropiados a las escalas
Europea/Nacional (IRD) y Regional (AMS); e ilustra su aplicacion para identificar las AMS
para tres dreas objetivo definidas durante la ejecucion del Proyecto MEDALUS, y
localizadas en Grecia (la isla de Lesvos), Italia (la cuenca del Agri en Basilicata) y Portugal
(la region de Alentejo).

*The translation into Spanish has been made by: Dr. Gonzalo Gonzalez-Barbera, Universidad
de Murcia, Area de Geografia Fisca.
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A.KEY INDICATORS OF DESERTIFICATION AT THE ESA SCALE

C. Kosmasl, J. Poesenz, and H. Briassouli’

! Agricultural University of Athens, Laboratory of Soils and Agricultural Chemistry
’Katholieke Universiteit te Leuven, Laboratory for Experimental Research
IUniversity of the Aegean, Department of Human Geography

Desertification is the consequence of a set of important degradation processes in the
Mediterranean environments, especially in semi-arid and arid regions, where water is the
main limiting factor of land use performance on ecosystems. Environmentally Sensitive
Areas (ESAs) to desertification around the Mediterranean region exhibit different sensitivity
to desertification for various reasons. For example there are areas presenting high sensitivity
to low rainfall and extreme events due to low vegetation cover, low resistance of vegetation
to drought, steep slopes, highly erodible parent materials, etc. High sensitivity can be also
related to the type of land use for the cases that it promotes desertification in climatically and
topographically marginal areas. For example cereals cultivated in hilly areas with soils
formed on marl present a serious threat for desertification. Furthermore, there are areas
which are sensitive to desertification for special reasons, such as fire risk, which is likely to
generate runoff and erosion problems for some years; rambla and flood plain environments,
where fluctuating phreatic levels may show salinization and toxicity problems; and exotic
tree plantations, where poor ground cover and autotoxicity may lead to higher runoff and
sediment yields.

The various types of ESAs to desertification can be distinguished and mapped by
using certain key indicators for assessing the land capability to withstand further
degradation, or the land suitability for supporting specific types of land use. The key
indicators for defining ESAs to desertification, which can be used at regional or national
level, can be divided into four broad categories defining the qualities of soil, climate,
vegetation, and management (stressor indicators). This approach includes parameters which
can be easily found in existing soil, vegetation, and climate reports.

A. I NDICATORI CHIAVI PER LA DESERTIFICAZIONE A LIVELLO ESAS

La desertificazione ¢ la conseguenza di una serie d’importanti processi di degradazione del suolo in
ambiente Mediterraneo, specialmente nelle regioni aride e semi-aride, dove [’acqua ¢ il fattore
limitante principale per il rendimento dell’uso del suolo. Aree Ambientali Sensitive (ESAs) alla
desertificazione nella regione del Mediterraneo mostrano una diversa sensibilita alla desertificazione
per vari motivi. Per esempio, ci sono aree che presentano un’elevata sensibilita alla bassa piovosita
ed ad eventi piovosi di elevata intensita che favoriscono il processo erosive di aree a scarsa copertura
vegetale, con pendenze elevate, e su suolo molto erosivo, ecc. L’alta sensibilita puo anche essere
riferita al tipo di utilizzazione del suolo che porta alla desertificazione in aree climaticamente e
topograficamente marginali. Per esempio, cereali coltivati in aree collinari con suoli formati su
marna presentano una minaccia seria alla desertificazione. Inoltre, ci sono aree che sono sensibili
alla desertificazione per ragioni speciali, come il rischio d’incendi, che sicuramente genera problemi
di deflusso e d’erosione per alcuni anni; ambienti rambla e pianure alluvionali, dove il variare del
livello freatico potrebbe mostrare problemi di salinizzazione e di tossicita, piantagioni d’alberi
esotici, dove la scarsa copertura del suolo e [’auto-tossicita potrebbero portare a deflussi e sedimenti
piu alti.

I vari tipi d’ESAs alla desertificazione possono essere distinti e mappate usando degli
indicatori chiavi per la stima della capacita del suolo a resistere a processi di degradazione, oppure
I’idoneita del suolo di supportare specifici usi. Gli indicatori per definire ESAs alla desertificazione
sia a livello regionale sia a livello nazionale possono essere divisi in quattro categorie definendo la
qualita del suolo, la qualita del clima, la qualita della vegetazione e la qualita della gestione

11



(indicatori di stress). Quest’approccio include parametri che possono essere facilmente trovati nelle
relazioni esistenti sul suolo, sulla vegetazione e sul clima.

A. AEIKTEX AIIEPHMQXHY XE KAIMAKA ITEIT

H amepiuwon eivar n ovvéreia Hiog Gepos omo GHUAVTIKES OLadKaoieS DTOPAOUIoHS TT0. UECOYVELOKA,
wepifallovia, €10kd oTIC NUICHPES Kol CHPES TEPLOYES, OMOV TO VEPO €vol O KOPIOS TEPLOPIOTIKOS
TOPCYOVTOS TOV OVVaUIKOD TV oikoovatiuatwv. Ot Ilepifoilovuxa EvaioOnrec [eproyéc (IIEII) otnv
omepRuwon otnv mepLoxn s Meooyeiov mopovaldlovy OlaQopeTiky) svIoONTIa. OTHY ATEPTUDON YIO.
010p0opovg Aoyovg. I'ia mopdderyuo. VTAPYOVY TEPLOYES TOV TOPOVAIALovY DYHAN evaloOnaio oty younin
Ppoyormtwon kor to aKpoio. PoIVOUEVE. ECOITIOC THG MIKPNG QUTOKGAVWHG, THG HIKPHG QVIOXNS THS
PAdotnons oy Enpacia, v andtoumy KAioewv, TS DVYNANS OLOSPOOUOTHTOS TOD UNTPIKOD DAIKOD
wKr. H vynin evoucOnoio umopel emions va oyetiletor pe tov tOmo e YpHonNs NS oty TEPITTWOoN TOv
vrofonba. v omepHU@on 0 KAUATIKG KOl TOTOYPOPLKG. 0ploKiS TEPLoyéS. 1o mapaderyuo. o1tnpd, mov
KOAALEPYODVTAL T8 LOPDOEIS TEPLOYES e E0OPN TYNUATIOUEVO, OTO UOPYO VAL EVOS GOPAPOS KIVODVOG
yio. omepiuwon. ETions vmapyovy wepioyés mov eivor evaiodntes atny omepiuwon yio. 10tkods Adyoug,
OTWS 0 KIVOLVOG TUPKAYIAGS, IOV Eival ToVO Vo ONULOVPYHOEL TPOPAUATO. EXLPAVELOKNS OTOPPONS KOl
OLafpwOoNG YIo. UEPLKG, XPOVIO, DTOPAOUICUEVES TEPIOYES KO TEPLOYES TTOV TANUULPILOVY TEPIODIKA, OTTOD
7 OLaKOUOVET TOD DIPOPOPOL OPILOVTIa UTOPEL VO, 0ONYNTEL 0 TPOPANUATO. OAGTWONS Kol TOLIKOTHTAG,
QUTETES ECWTIKAV EIOWV OOV 1] PTWYH KOADWH TOD E0GPOVS KA 1 OVTOTOLIKOTNTO UTOPEL VO, OONYHGEL T
VYNAOTEPY ETLPAVEIOKN ATOPPOT] KO TOAPOYWYH I HUATOG.

O1 dwspopes  xarnyopies twv IIEIl yio v amepfuwon umopodv vo. 010kpiBodv koi vo,
XOpTOYPOPNOODY YPHOUOTOLWOVTOS TUYKEKPIUEVOVS OEIKTEG-KAEIOIA YIA VO, EKTYUNOOVUE TV LKAVOTHTO,
£VOG TOTOV Vo, avtiotabel oty mapamépa vrofobuion § TV KoTaAIRAOTHTO TOV Y10 O1GPOPOVS TOTOVS
xpnoewv yng. O deikteg kAgldia yio. thv owaxpion twv TIEIL yio v amepnumon, ot 0woiol umwopovy va.
xpnoomomndody oe TomiKo 1§ eOVIKO emImEDO, UTOPODY VO, O10IPEBODY T TEGOEPEIS EVPEIES KOTHYOPIES
OV TPOGOLOPILovY TIS 1010THTES TOV EVAPOVGS, TOV KAIUATOS, THS PAAaTnonS Kol TS dlayeipions (OeikTes
wieong). Aoty n mpooéyyion wEPIAauPaver ToapoueTpovs mov umopody va Ppebodv edxolo oe diobéoiues
exbéoeic yio 1o Edopog, ) PAaoTnon Kol To KAlua.

A. INDICATORES -CHAVE DE DESERTIFICACAO A ESCALA DAS ESA

A Desertificagdo é consequéncia de um conjunto importante de processos de degradag¢do em
ambientes mediterrdneos, especialmente em regioes aridas e semi-aridas, onde a dgua ¢ o principal
factor limitante nos diferentes usos do solo e nos ecossistemas. As Areas Ambientalmente Sensiveis d
desertificagdo ao longo das regioes mediterraneas, apresentam diferentes sensibilidades a
desertificacdo por varias razoes. Por exemplo, existem dreas que apresentam uma elevada
sensibilidade a escassez de precipita¢do e a ocorréncia de fenomenos climaticos extremos, devido a
uma escassez do coberto vegetal, baixa resisténcia da vegetacdo a secura, vertentes declivosas,
grande erodibilidade dos materiais rochosos, etc. Uma elevada sensibilidade pode também estar
relacionada com o tipo de uso do solo que em determinados casos promovem a desertificagdo em
dreas marginais do ponto de vista climdtico e topogrdfico. Por exemplo, os cereais cultivados em
areas de relevo movimentado, com vertentes declivosas e solos margosos, apresentam elevado risco
de desertificagcdo. Por outro lado existem areas que sdo bastante sensiveis a desertificacdo por razoes
especiais, tais como dareas de risco de incéndio, com problemas de erosdo e drenagem, vales e
planicies aluviais, onde as flutuagées no nivel fredatico podem fazer surgir problemas de saliniza¢do e
contaminagdo dos solos, e plantagdes de esséncias arboreas exoticas, onde a pobreza do sub-coberto
e problemas de auto-toxicidade podem conduzir a valores mais elevados de escorréncia superficial e
perda de solo.

Os varios tipos de ESAs no contexto da desertificagdo podem ser identificadas e
cartografadas, mediante a utilizagcdo de indicadores-chave para o diagnostico das capacidades dos
recursos naturais para resistir a degradagdo, ou ainda a adequag¢do das terras para suportarem
determinados usos de solo. Os indicadores-chave na defini¢do das ESAs no contexto da
desertificacdo, que podem ser utilizados a escala regional ou a nivel nacional, podem dividir-se em
quatro grandes categorias que sdo definidas pelas qualidades do solo, do clima, da vegetagdo e pelas
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qualidades de gestdo (indicadores de pressdo). Esta abordagem inclui pardmetros que podem ser
facilmente acessiveis em estatisticas e fontes de informagdo sobre solos, clima e vegetagdo.

A. INDICATORES CLAVE DE DESERTIFICATION A LA ESCALA DE AMS

La desertificacion es la consecuencia de un importante conjunto de procesos de degradacion en lo
ecosistemas mediterraneos, especialmente en las regiones semidridas y aridas, donde el agua es el
principal factor limitante en la productividad de los ecosistemas. Las Areas Medioambientalmente
Sensibles (AMS) a la desertificacion situadas en la region mediterranea exhiben una diferente
sensibilidad a la desertificacion por varias razones. Por ejemplo, hay areas que presentan alta
sensibilidad a la baja precipitacion y los eventos extremos debido a una baja cobertura vegetal,
escasa resistencia de la vegetacion a la sequia, altas pendientes, materiales altamente erosionables,
etc. La sensibilidad alta se puede relacionar también con el tipo de uso del suelo en los casos que este
uso promueva la desertificacion en dreas climadtica y topogrdficamente marginales. Por ejemplo, los
cereales cultivados en areas montaniosas sobre margas presentan una Sseria amenaza de
desertificacion. Mas aun, hay dareas que son sensibles a la desertificacion por razones especiales, tales
como el riesgo de incendios, proceso que puede generar problemas de escorrentia y erosion durante
algunos arios, ecosistemas de rambla y llanuras de inundacion, donde la fluctuacion de niveles
freadticos puede inducir problemas de salinizacion y toxicidad; y la plantacion de drboles exoticos,
donde una pobre cobertura y la autotoxicidad pueden llevar a mayor escorrentia y produccion de
sedimentos.

Los diversos tipos de AMS a la desertificacion pueden ser distinguidas y cartografiadas
mediante el uso de ciertos indicadores clave para evaluar la capacidad de la tierra para resistir mas
degradacion, o su potencialidad para soportar tipos especificos de usos del suelo. Los indicadores
clave para definir AMS a la desertificacion, que se pueden utilizar a nivel regional o nacional, se
pueden dividir en cuatro amplias categorias que definen la calidad del suelo, la calidad del clima, la
calidad de la vegetacion y la calidad de la gestion (indicadores de estrés). Esta aproximacion incluye
parametros que se pueden encontrar facilmente en los informes existentes sobre suelo, vegetacion y
clima.

1. Soil quality indicators

Soil is a dominant factor of the terrestrial ecosystems in the semi-arid and dry sub-humid
zones, particularly through it’s effect on biomass production. Desertification will proceed, in
a certain landscape, when the soil is not able to provide the plants with rooting space and/or
water and nutrients. In the semi-arid and the sub-humid zones, the land becomes irreversibly
desertified when the rootable soil depth is not capable to sustain a certain minimum
vegetation cover. There are cases that desertification proceeds in deep soils, when their water
balance is incapable to meet the needs of the plants. In these cases the phenomenon is
reversible. Nutrient supply to plants seldom becomes critical in the two climatic zones
mentioned above.

Soil quality indicators for mapping ESAs can be related to (a) water availability, and
(b) erosion resistance. These qualities can b evaluated by using simple soil properties or
characteristics given in regular soil survey reports such as soil depth, soil texture, drainage,
parent material, slope grade, stoniness, etc. The use of these properties for defining and
mapping ESAs requires the definition of distinct classes with respect to degree of land
protection from desertification. The definition of classes requires the study of relations such
as: (a) soil depth and plant cover under various climatic, lithological, and topographical
conditions, (b) parent material and water availability, (c) soil water holding capacity and soil
texture.
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1.1 Parent material

Soils derived from different parent materials react differently to soil erosion, vegetation and
desertification. Limestone produces shallow soils with a relatively dry moisture regime. In the
opposite, as Plate 1 (left photograph) shows, soils formed in flysch are deep, well vegetated.
Areas with soils in limestone are characterised by high erodibility and slow vegetation
recovery (Plate 1). Several areas on limestone formations in the Mediterranean region are
already desertified with the soil mantle eroded, and the vegetation cover completely removed.
Under Mediterranean climatic conditions, regeneration of soils and vegetation is impossible,
and desertification is irreversible. Similarly, acid igneous parent materials such as pyroclastics
(Plate 1) produce shallow soils with high erodibility and high desertification risk.

Plate 1. Areas highly eroded and desertified with soils formed in limestone (upper part,
left photograph) and pyroclastics (right photograph) and areas well vegetated with deep
soils formed in flysch (lower part, left photograph) (Photo by C. Kosmas).

Extensive areas on hilly agricultural lands in the semi-arid zone of the Mediterranean
region are cultivated with rainfed cereals. Areas with soils formed in marl are very susceptible
to desertification. Such soils cannot support any annual vegetation in particularly dry years,
despite their considerable depth and high productivity in normal and wet years (Kosmas et al.,
1993). On the contrary, soils formed on shale-sandstone, conglomerates, basic igneous rocks,
etc. despite their normally low productivity in wet years, may supply appreciable amounts of
previously stored water to the stressed plants and to secure a not negligible biomass
production even in dry years.

The presence of cracks or fractures and faults into the bedrock favours the soil
formation by weathering or the removal of soil aggregates into the cracks by gravity. The
formed ‘tube’ type soils are well protected from erosion and the percolating water can be
stored into and protected from evaporation. The presence of deep soils in cracks and faults is
of great ecological importance, supporting relatively well the natural vegetation under
Mediterranean climatic conditions and preventing large hilly areas from desertification (Plate
2).

1.2 Rock fragments
Rock fragments have a great but variable effect on runoff and soil erosion (Poesen et al.
1994; Danalatos et al., 1995), soil moisture conservation (van Wesemael, et al., 1995;

Moustakas et al., 1995) and biomass production (Poesen and Lavee, 1994), so playing an
important role on land protection in the Mediterranean region. Generally, runoff and
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sediment loss are greater from stony than stone-free soils, apart from soils rich in coarse
gravel (Fig. 1) on the surface subjected to heavy and prolonged showers. Bunte and Poesen
(1993) found that interill sediment loss increased with increasing rock fragment percentage
up to about 20%. Beyond this value, the limited space between fragments prevents
development of scour holes and thus limits soil loss. For sheet and rill erosion, however, rock
fragments cover always reduces sediment production in an exponential way (Poesen et al.,
1994) (Fig. 2).

Plate 3. Cracks (hilly area in Sardinia) and dikes (hilly area in Lesvos) present into the
bedrock favouring the growth of natural vegetation under adverse climatic conditions
(photo by C. Kosmas).

Despite increasing runoff and erosion, cobbles have a beneficial effect on soil
moisture conservation under conditions of moderate water stress such as those prevailing in
spring and early summer, the most crucial periods for the productivity of winter crops. The
presence of cobbles can be very valuable, particularly in dry years, by conserving appreciable
amounts of water stored in previous times or adsorbed at night, thus protecting arge areas
from desertification (Kosmas et al., 1998).
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Fig. 1. Annual water run-off measured in bare plots covered with cobbles (L2AO0),
coarse gravel (M1AQ), and vegetated but stone-free soil (OV) (source: C. Kosmas).

Stony soils along slope catenas of parent materials rich in rock fragments such as

conglomerates, shale-sandstone, etc., despite their normally low productivity, may supply
appreciable amounts of previously stored water to the stressed plants and ensure an adequate
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biomass production in dry years (Kosmas et al., 1993). As Fig.3 illustrates, the biomass
production of wheat growing under water- limiting conditions was reduced by 10-30% in
plots in which the rock fragments were removed from the soil surface during cultivation, as
compared with the stony plots of the same soils along hillslope catenas. Soils formed on marl
are free of rock fragments and despite their considerable depth and high productivity in
normal and wet years, they are susceptible to desertification in particularly dry years. In such
dry years, they are unable to support any vegetation due to adverse soil hydraulic properties
and the absence of gravel and stone mulching.

1.0 qyme——

0.8

Relative interrill and rill sediment yield

Rock frugrlsnepnt cover (%a)
Fig. 2. Effect of rock fragment cover at the soil surface on relative interill and rill
sediment yield (Poesen et. al., 1994).

1.3 Soil depth

Dryland soils on hilly areas are particularly vulnerable to erosion, especially when their
vegetation cover has been degraded. Soils on Tertiary and Quaternary consolidated
formations usually have a restricted effective soil depth due to erosion and limiting
subsurface layers such as petrocalcic horizon, gravely and stony layer, and/or shallow
bedrock. Therefore, the tolerance of these soils to erosion is low and, under hot and dry
climatic conditions and severe soil erosion, rainfed vegetation can no longer be supported,

leading to desertification.
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Fig. 3. Wheat biomass production measured along catenas in nearby plots with and
without rock fragments in the soil surface (source: C. Kosmas).
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Soils formed in various parent materials show different ability to support a
considerable vegetation cover for erosion protection under given climatic conditions. Soils
formed in pyroclastics (Fig. 4) are the most sensitive in supporting adequate macchia
vegetation with a crucial depth of 10 cm under which the existing vegetation can not longer
survive (Kosmas et al., 1998). Below that crucial depth, all the perennial vegetation
disappears and only some annual plant species can survive. The erosion rates below that
critical depth are very high, favouring the appearance of the underlying bedrock on the soil
surface. Soils formed in schist-marble metamorphic rocks have a higher ability to support
perennial vegetation under the same climatic conditions with crucial depth around 4-5 cm.
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Fig. 4. Relation of percentage vegetation cover of Sarcopoterium sp and soil depth
measured in areas with soils formed in pyroclastics (magmatic conglomerates) and
schist-marble (Kosmas et al., 1998).

Given certain physical characteristics and underlying parent material, two soil depths,
very important for land protection, can be distinguished, the critical and the crucial depth
(Fig. 4). The critical depth can be defined as the soil depth in which plant cover achieves
values above 40%. On soil less than that depth the recovery of the natural perennial
vegetation is very low and the erosional processes may be very active resulting in further
degradation and desertification of the land. When a hilly landscape of marginal capability is
cultivated, agriculture should be abandoned before the soil reaches the critical depth. While
the critical depth is a limit to cultivation, the crucial depth can be defined as a lesser soil
depth on which the perennial vegetation can no longer be supported, and the whole soil
structure is rapidly washed out by wind or water erosion. This is an irreversible process.

1.4 Slope gradient

Slope angle and generally topography are undoubtedly important determinants of soil
erosion. Erosion becomes acute when slope angle exceeds a critical value and then increases
logarithmically. Soil survey data of the island of Lesvos shows that slope grade has a variable
effect in the different climatic zones, depending on annual rainfall. The probability of
appearance of high erosion degree decreased with increasing rainfall for the same slope
classes (Fig. 5). Severely eroded soils are present in the semi-arid zone with slopes greater
than 12%, while slightly to moderately eroded soils are found in the dry sub-humid zone
under the same slope classes. As Fig. 5 shows, the probability of finding severely eroded
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soils on moderately steep to very steep slopes is rather high in the semi-arid zone. On the
opposite, moderately eroded soils have the highest probability of occurrence under similar
slopes in the dry sub-humid zone.

Fig. 5. Probability of appearance of various degrees of erosion under different slope
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classes in the semi-arid and dry sub-humid climatic zones of the island of Lesvos
(NE=no erosion, WE=slight erosion, ME=moderate erosion, SE=severe erosion,
VSE=very severe erosion) (Kosmas et al., 1998).

1.5 Soil structure decline

Soil structure stability is affected by various factors such as change in organic matter content,
use of heavy machinery, irrigation with poor quality of water, etc. Large scale deforestation
of hilly areas around the Mediterranean, intensive cultivation, and burning of the vegetation
results in a drastic reduction of the organic matter content and the aggregate stability of the
surface soil horizon. Cultivation of the Thessaly hilly areas (Greece) brought about a
decrease of organic matter content to less than 2.5% as compared with an excess of 5%
occurring some 40 years ago due to water and wind erosion and frequently burning of the
crop residues (Danalatos, 1993).

Land use change greatly affects organic matter content and aggregate stability. For
example the shift from olive trees to vine cropping had a degrading effect on the organic
matter content and the aggregate stability. Data collected along two catenas in Attica
demonstrated that the organic matter content decreased by about 33% and the aggregate size
by about 10 times in 12-years period of cultivation with vines as compared with the soils
under olives (Kosmas et al., 1995).

1.6 Salinization
The transport and distribution of salts within a landscape and in a soil profile reflect the

prevailing water balance conditions, and the depth of the groundwater. Therefore,
precipitation and evapotranspiration together with soil profile characteristics are important
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for the distribution of salts in a landscape and in a soil profile. A general decrease in
precipitation and/or an increase in evapotranspiration will cause an increase of soils affected
by saline or sodic conditions around the Mediterranean region. This is because in those
regions with high evaporation rates, capillary rise is accelerated and salts accumulate
residually, where drainage is nearly absent. The extent to which this will happen at a local
scale will depend on various factors controlled by the water balance, soil type, and by the
total salt and sodium inputs. Salinity problems will be most severe in areas receiving rainfall
between 300 and 600 mm. The increasing concentrations of salts result in radical changes in
the water economy of the soil, creating a potentially adverse ecological environment for
native vegetation or agricultural crops leading to desertification (Plate 3).

Plate 3. Flat area located along the seashore of Lesvos with very poorly drained soils
and very shallow water table facing severe problems of salinization and desertification
(photo by C. Kosmas, August 1997).

2. Climate quality

The uneven annual and interannual distribution of rainfall, the extreme events and the out of
phase of rainy and vegetative seasons in the semi-arid and arid zones of the Mediterranean
are the main climatic attributes that contribute to the degradation of land. Land in the above
two climatic zones is unstable and desertification processes are triggered only if the other
land components cross specific thresholds. Global climate change is expected to widen the
present geography of the vulnerable zones in the Mediterranean. In a number of years, the
prevailing weather conditions during the growing period of annual crops may be so adverse
that the soils remain bare, creating favourable conditions for overland flow and erosion. Any
loss of volume from these marginal lands greatly reduces the potential for biomass
production, ultimately leading to desertification. Desertification at present threatens only the
shallow and severely eroded soils. Global change may threaten the majority of them.

2.1 Precipitation

The atmospheric conditions that characterise a desert climate are those that create large water
deficits, that is, potential evapotranspiration (ETo) much greater than precipitation (P). These
conditions are evaluated by a variety of indices. One of these is the FAO-UNESCO (1977)
bioclimatic index: P/ETo. Areas which are sensitive to desertification can be divided into the
following categories:
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e The arid zone :0.03<P/ET0<0.20
e The semi-arid zone: 0.20<P/ET0<0.50
e The sub-humid zone: 0.50<P/ET0<0.75.

An area becomes naturally desertified when the ratio: P/ETo acquires values below a certain
threshold, regardless of the other components. In contrast, when the ratio exceeds an upper
threshold, desertification does not advance (FAO-UNESCO, 1977). The following scheme is
proposed for the threat of desertification induced by the climate:

(DESERTIFICATION) 0.03 >P/ETo >0.75 (NO DESERTIFICATION)

Erosion data collected in various sites along the Mediterranean region shows that the
amount of annual rainfall of 280-300 mm is very crucial (Fig. 6). There is a tendency of
increasing runoff and sediment loss with decreasing rainfall in hilly Mediterranean
shrublands, especially in the region where rainfall is greater than 300 mm/year. Below to that
limit, runoff and sediment loss decreases with decreasing rainfall.
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Fig. 6. Runoff-annual precipitation relationships measured in four Mediterranean sites
under shrubland (Kosmas et al., 1997).

Rainfall amount and distribution are the major determinants of biomass production on
hilly lands under Mediterranean conditions. Decreasing amounts of rainfall combined with
high rates of evapotranspiration drastically reduce the soil moisture content available for
plant growth. Reduced biomass production, in turn, directly affects the organic matter content
of the soil and the aggregation and stability of the surface horizon to erosion. Studies on the
effect of diminishing soil moisture on soil properties and biomass production of rainfed
wheat in rainfall exclusion experiment showed that the total above ground biomass
production was proportionally reduced with the amount of rainfall excluded (Kosmas et al.,
1993). Reductions in biomass of 90%, 71.4%, and 53.4% were measured in the experimental
plots in which rainfall was reduced by 65%, 50% and 30%, respectively (total amount of rain
falling in the open field during the growing period R=361 mm). As Figure 7 shows, the leaf
area index (LAI) of the crop was also greatly affected throughout the growing period. The
maximum LAI-values measured in the plots of 100%, 70%, 50% and 35% rain interception
were 5.2, 3.7, 2.9 and 1.6, respectively.
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Fig. 7. The change in leaf area index of rainfed wheat grown in plots with 35%, 50%,
70% and 100% rain interception (Kosmas et al., 1993).

2.2 Aridity

Aridity is a critical environmental factor in determining the evolution of natural vegetation by
considering the water stress which may occur reducing vegetation cover. However, the
existing Mediterranean vegetation presents a great capacity of adaptation and resistance to
dry conditions, which most of these species can survive under prolonged droughts with soil
moisture content below the theoretical wilting point for many months.

The effect of aridity on vegetation characteristics can be clearly demonstrated by the
distribution of vegetation in the various climatic zones of Lesvos. The climate of the island of
Lesvos can be divided into two major climatic zones defined as semi-arid and dry sub-humid.
The great reduction in rainfall for about 45% combined with the high evapotranspiraton
demands has greatly affected the vegetation performance. Due to the lack of available soil
water, the semi-arid part of the island is dominated by poor magquis vegetation (Fig. 8), while
olive trees, oak and pine forests prevail in the dry sub-humid part under similar
topographical and geomorphological conditions with the previous zone. Vegetation cover
increases with increasing soil depth and decreasing aridity.

In a comparative analysis of the Agri basin (Italy) and the Lesvos island indicated that
the greatest part of the island (74%) is characterised as very dry with a Bagnouls-Gaussen
bioclimatic aridity index greater than 150. In the opposite 48% of the Agri basin is
characterised as moist with an aridity index less than 50. The rest of the Agri basin is
characterised as dry with an aridity index ranging from 50 to 125. The greater aridity index
of climate in Lesvos resulted in vegetation of higher resistance to drought than the vegetation
existing in the Agri basin. Extensive pine (Pinus sp) forests and olive groves are dominant
in the island. In contrast, 52% of the Agri basin is covered with vegetation of low to very
low resistance to drought such as deciduous forest.

2.3 Aspect
Slope aspect is considered an important factor for land degradation processes. Aspect affects
the microclimate by regulating isolation. The angle and the duration at which the sun rays

strikes the surface of the soil depends on the slope aspect. In the Mediterranean region lands
with southern and western aspects are warmer and have higher evaporation rates and lower
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water storage capacity than northern and eastern aspects. So a slower recovery of vegetation
is expected in southern and western aspects and higher erosion rates than in northern and
eastern aspects. As a consequence, southern exposed slopes usually have a lower vegetation
cover than northern exposed slopes (Poesen et al., 1998)higher As Fig. 9 shows, the degree of
erosion measured along north- and south-facing hillslopes is twice as much as or even
higher in the south-facing slopes under various types of vegetation cover.
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Fig. 8. Dominant vegetation present in the three climatic zones of Lesvos
(A=sclerophylous, O=olives, B=evergreen oak, Q=deciduous oak, P=pines, C=annual
Crops).

3. Vegetation quality

The dominant biotic land component in terms of desertification is the vegetative cover of the
land. Vegetation cover is very crucial for run-off generation and can be readily altered along
the Mediterranean hilly areas depending on the climatic conditions and the period of the year.
In areas with annual precipitation less than 300 mm and high evapotranspiration rate, the soil
water available to the plants is reduced drastically and the soil remains relatively bare
favouring overland water flow. Key indicators of desertification related to the existing natural
or agricultural vegetation can be considered in relation to: (a) fire risk and ability to recover,
(b) erosion protection offered to the soil, (¢) drought resistance, and (d) percentage plant
cover.

North MMM south

sC
50
40
30

20

Erosion (%)

10

Vegetation

Fig. 9. Distinct erosion patches measured along hilslopes with various types of
vegetation located at north and south-facing slopes (P=pines, B=evergreen oak,
O=olives, Q=deciduous oak, A=perennial shrubs).
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3.1 Fire risk and ability to recover

Forest fires is of the most important cause of land degradation in hilly areas of the
Mediterranean region. Fires have become very frequent especially in the pine dominated
forests (Fig. 10) during the last decades with dramatic consequences in soil erosion rates and
biodiversity losses. The frequency of fire occurrence is lower in grasslands, and mixed
Mediterranean macchia with evergreen forests. Also, Mediterranean pastures are frequently
subjected to man-induced fires in order to renew the biomass production. The Mediterranean
vegetation type is highly flammable and combustible due to the existence of species with
high content of resins or essential oils.

Plants react to fire in very different ways. They possess numerous fire-related
adaptations. For any given species, there is a range of fire-resistance possibilities which vary
according to fire intensity (Trabaud, 1981). These possibilities may vary with growing season
and maturity. For example, observations show that winter or spring fires do not harm
subsequent development of sprouts of Quercus ilex or Quercus coccifera, while fires in
summer or autumn which are more intense, decrease sprouting ability.
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Fig. 10. Average fire frequency occurring in areas covered mainly with pine forests,
mixed deciduous and evergreen oak forests, and pastures measured in Greece in the
last three decades (Greek Ministry of Agriculture).

The Mediterrananean vegetation is known to have a high ability to recover after fire
(Trabaud, 1993) and the environmental problems related to fire normally last for only a
limited number of years after the fire occurred. Mediterranean ecosystems are well-adapted to
fire, which can even be beneficial under certain conditions. There is no succession, in the
strict sense of the term, sfter a fire incidence, since all the species, which constitute the
mature plant community, are present already in the first year after the fire. There is an initial
increase in plant diversity followed by a decrease as the regeneration process advances.
(Trabaud, 1980). All this is true if no mismanagement takes place, which unfortunately is the
case more often than not.

There are several parameters, which affect the process of recovery, apart from the fire
and site characterisitics, which can be both natural and anthropogenic. Years of unusual
drought (Mazzoleni and Esposito, 1993) or sites that can’t be affected from the moist sea
winds during summer (Saracino and Leone, 1993) ahow a slower rate of recovery. Human
interference such as livestock grazing or change in the land use pattern may damage
irreversibly the recovering vegetation (Clark, 1996). Particularly important are the time
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intervals between two subsequent fires. The ability of the ecosystems to recover is not
unlimited and a fire frequency beyond a certain threshold can also lead to a degraded stage
(Trabaud, 1980). This can be due both to the nutrient and seed bank depletions and to
increased erosion. These processes have already led to severe degradation and desertification
of extensive hilly areas in the Mediterranean region.

There are two main strategies of survival for plants in fire-prone ecosystems:
resprouting and germinating. In the first case the plants resprout from the undergraound parts
of them, which survive the fire due to soil protection. In the second case the seeds are bale to
withstand the high temperatures and in some cases the germnation rate is drastically
increased. part of the soil seed bank is destroyed by fire and the propostion becaomes greater
with increasing fire intensity (Cancio ef al., 1993). The same is true for resprouters; the more
severe the fire the deeper down are the intact plant parts that must resprout (Clark, 1996).

3.2 Soil erosion protection

Vegetation and land use are clearly important factors controlling the intensity and the
frequency of overland flow and surface wash erosion (Bryan and Campbell, 1986; Mitchell,
1990). Extensive areas cultivated with rainfed crops such as cereals, vines, almonds and
olives are mainly confined to hilly lands with shallow soils very sensitive to erosion. These
areas become vulnerable to erosion and desertification because of the decreased protection by
vegetation cover in reducing effective rainfall intensity at the ground surface (Faulkner,
1990). Perennial crops such as almonds, and olives have largely expanded in Mediterranean
hilly areas, while vines have declined during the last decades (Grove, 1996). These crops
require frequent removal of annual vegetation using pesticides or by tillage. Actually, such
soils remain almost bare during the whole year, creating favourable conditions for overland
flow and soil erosion.

Erosion data measured in eight sites along the northern Mediterranean region and the
Atlantic coastline located in Portugal, Spain, France, Italy and Greece in a variety of
landscapes and under a number of land-uses representative of the Mediterranean region, such
as agricultural land with rainfed cereals, vines, olives, eucalyptus plantation or natural
vegetation (shrubland) showed that the greatest rates of runoff and sediment loss were
measured in hilly areas under vines (Fig. 11). Areas cultivated with wheat are sensitive to
erosion, especially during winter, generating intermediate amounts of runoff and sediment
loss especially under rainfalls higher than 380 mm per year. Olives grown under semi-natural
conditions, as for example with an understory of vegetation of annual plants greatly restrict
soil loss to nil values. Erosion in shrublands increased with decreasing annual rainfall to
values in the range 280-300 mm and then it decreased with decreasing rainfall.

Several hilly areas under natural forests around the Mediterranean region have
reforested with exotic species such as eucalyptus. Such soils are undergoing intense erosion
as compared with soils left under natural vegetation (Aru and Barrocu, 1993). However, the
measured rates of erosion under eucalyptus are relatively lower than those measured under
vines, almonds and cereals.

Soil erosion data measured under various types of vegetation and certain
physiographic conditions in the island of Lesvos showed that the best protection from erosion
was measured in areas with a dominant vegetation of evergreen oaks, pines and olive trees
under semi-natural condition (Fig. 9). Pines have lower ability to protect the soils in southern
aspects due to the higher rate of litter decomposition and restrict growth of understory
vegetation. Deciduous oak trees offered relatively low protection from erosion in cases that
the falling leaves do not cover the whole soil surface.
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Fig. 11. Average annual erosion rates measured in various types of land uses in runoff
plots located along the northern Mediterranean region (C. Kosmas et al., 1997).

3.4 Drought resistance

The main factors affecting the evolution of the Mediterranean vegetation, in the long term,
are related to the irregular and often inadequate supply of water, the long length of the dry
season, and perhaps fire and grazing (Clark, 1996). According to the types of leaf
generation, the following two major groups of vegetation can be distinguished (Clark, 1996):
(a) deciduous and drought avoiding with a large photosynthetic capacity but no resistance to
desiccation; and (b) evergreen (sclerophyllous) and drought enduring with low rates of
photosynthesis. The main response of the plants to increased aridity is the reduction in leaf
area index. Severe droughts that cause a reduction in leaf area index may be beneficial in the
short term as it reduces transpiration, but such drought will increase the probability of
enchanced soil erosion when rain eventually falls, as protective vegetation cover is reduced.

The various ecosystems present in the Mediterranean region presents a great capacity
of adaptation and resistance in aridity which most of the species existing under
Mediterranean climatic conditions have to survive under long droughts and soil moisture
contents below the theoretical wilting point for many months (Table 1). Probably the
expected changes in the vegetation performance, resulted from a gradual precipitation
decrease, could be only noticed after a critical minimum number of years.

Table 1. Classification of the dominant Mediterranean vegetation according to a
decreasing rate of drought resistance.

Cla. Types of vegetation |

Mixed Mediterranean macchia/evergreen forests, Mediterranean macchia
Conifers, permanent grassland

Evergreen perennial agricultural trees

Deciduous perennial agricultural trees

Deciduous forests

Annual agricultural crops, annual grasslands

SN N AW -

Among the prevailing perennial agricultural crops in the Mediterranean, olive trees present a
particularly high adaptation and resistance to long term droughts and support a remarkable
diversity of flora and fauna (Plate 5) even higher than some natural ecosystems (Margaris,
1995). Under these conditions, annual vegetation and plant residues form a high soil surface
cover, preventing surface sealing and minimising the velocity of the overland run-off water
(Plate 5). In the case that the land is intensively cultivated, then high erosion rates are
expected. The olive groves can be considered as a natural forest highly adapted in dry
Mediterranean conditions, with lower vulnerability to fires as compared to pine forests,
protecting hilly areas from desertification.
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Plate 5. Olive groves (a) with understorey of annual vegetation (Lesvos), well-protected
from erosion (left) and (b) intensively cultivated (Cordoba), and severely eroded (right)
(photo by C. Kosmas, spring 1997).

3.5 Plant cover

Many studies showed that the variation in runoff and sediment yields in drainage basins is
attributed to the vegetation cover and land use management changes (Douglas, 1969; Reed,
1971; Williams and Reed, 1972; Patton and Schumm, 1975; Newson, 1985; Bryan and
Campbell, 1986). Many authors have demonstrated that in a wide range of environments both
runoff and sediment loss decrease exponentially as the percentage of vegetation cover
increases (Elwell and Stocking, 1976; Lee and Skogerboe, 1985; Francis and Thornes, 1990).
A piece of land is considered desertified when the biomass productivity drops below a certain
threshold value. A value of 40% vegetative cover is considered critical below which
accelerated erosion dominates in a sloping land (Thornes, 1988). This threshold may be
modified for different types of vegetation, rain intensity and land attributes. It shows,
however, that degradation begins only when a large portion of the land’s surface is denuded,
then it proceeds with an accelerated mode, that cannot be arrested by land resistance alone.
Deep soils on unconsolidated parent materials show slow rates of degradation and loss of
their biomass production potential. In contrast, shallow soils with lithic contact on steep
slopes have low productivity, and low erosion tolerance if they are not protected by
vegetation.

Fig. 12 Probability of appearance of percentage cover in various soil depth classes
measured in two climatic zones of the island of Lesvos
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Soil and vegetation survey data of the island of Lesvos clearly indicated that the
percentage cover was greatly affected by the soil depth in the various climatic zones (Kosmas
et al., 1998). Fig. 12 shows the frequency of appearance of the various classes of vegetation
cover present in the three climatic zones of the island of Lesvos. Vegetation cover increased
with increasing soil depth and decreasing drought. In the soil depth class of 15-30 cm, the
vegetation cover class of 25-50% had the maximum frequency of appearance (93%) in the
semi-arid zone, whereas areas with soils having the same soil depth class had a higher
vegetation cover with a 64% maximum frequency of appearance of the cover class 75-90%
cover in the dry sub-humid zone.

4. Management quality and human factors

The definition of ESAs to desertification requires both key indicators related to the physical
environment and to the human-induced stress. A piece of land, irrespective of its size, is
characterised by a particular use. This use is associated with a given type of management
which is dictated by and changes under the influence of environmental, social, economic,
technological and political factors. Depending on the particular type of management, land
resources are subject to a given degree of stress. Moreover, the existence of environmental
policies which apply to a certain area moderate the anticipated impacts of a given land use
type compared to the situation where no such policies are in effect.

4.1 Land use and intensity of land use

The extensive deforestation of hilly areas and intensive cultivation with rainfed cereals in the
Mediterranean has already led to accelerated erosion and degradation in the last century. The
erosion risk is especially high in areas cultivated with rainfed cereals (Plate 6). For one or
two months after sowing winter cereals the land remains almost bare, and the erosion risk is
high considering that rains of high intensity and occasionally long duration occur during that
period. The sloping lands of the Thessaly plain, the greatest lowland of Greece, were for
centuries under grazing especially in winter by transhuman flocks and herds. The rapid
increase in population due to immigration in early 1920's resulted in the sharp increase of the
areas which were brought under wheat cultivation. Erosion experiments and estimations from
the exposure of tree roots demonstrated that erosion on these areas has proceeded at rates of
1.2-1.7 cm soil per year since the introduction of wheat. The hilly soils on Tertiary and
Quaternary hilly landforms usually have limiting subsurface layers, such as petrocalcic
horizons or bedrock, and under high erosion rates and hot and dry climatic conditions, growth
of cereals produces increasingly poor yields and the cultivated land is abandoned.
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Plate. 6. Hilly areas (a) cultivated with cereals and subjected to accelerated erosion (left,
Cordoba Spain) and abandoned after long period cultivation with wheat highly
degraded (right, Thiva Greece) under high desertification risk (photo by C. Kosmas).

Many hilly areas around the Mediterranean are experiencing abandonment at an increasing
rate.

Land abandonment may lead to a deteriorating or improving phase of the soils,
depending on the particular land and climatic conditions of the area. Hilly areas that can
support sufficient plant cover may improve with time by accumulating organic materials,
increasing floral and faunal activity, improving soil structure, increasing in infiltration
capacity and therefore, causing a decrease in the erosion potential (Kosmas et al. 1995). In
cases of poor plant cover, the erosional processes may be very active and the regeneration of
these lands may be irreversible. In cases of land partially covered by annual or perennial
vegetation, the remaining bare land with soils of low permeability (clays) creates favourable
conditions for overland flow, soil erosion and land degradation (Plate 6).

4.2 Overgrazing

Wheat production in hilly Mediterranean areas has drastically declined during the last few
decades and the intensity of grazing has increased at the same time (Fig.13). Shepherds
usually damage the natural vegetation by deliberately setting fires to eradicate the vegetation
and encourage the growth of grass, which they then overgraze. Once the land is bare of its
vegetative cover and the soil is loosened, the torrential rains of autumn and winter begin to
wash away the topsoil. The process of land degradation can be greatly accelerated by high
densities of livestock which lead to vegetation degradation and, in turn, to soil compaction.
An obvious consequence of overgrazing is the increase in soil erosion, since the gradual
denudation of the landscape exposes the soil to water and wind erosion. Under such
management conditions and hot and dry climatic conditions, soils of these areas cannot
economically support a sufficient vegetative cover, leading to desertification (Plate 7).
Overgrazing of this climatically and topographically marginal areas, accompanying by fires,
constitutes a desertification-promoting land use, further deteriorating the existing land
resources.
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Fig. 13. Change in the number of sheep grazing in the island of Lesvos and the total
area cultivated with cereals during the last 90 years (Kosmas, 1997).

4.3 Abandonment of terraced land

In the last decades, favourable soil and climatic conditions and the availability of ground or
surface water has resulted in intensive farming of the lowlands of the Mediterranean region.
The development of high input agriculture in the plains provided much higher net outputs
than those obtained from terracing agriculture. Furthermore, in the last decades, the value of
such terraces has markedly decline because of low accessibility by tractors. At present, most
of these areas have been abandoned, and the terraces have been collapsed causing a rapid
removal of the soil by the runoff water, apart from some cases that the stone walls are
protected by the roots of fast growing shrubs and trees. Maintaining such terraces appears a
very expensive practice comparing to most other alternatives for soil erosion control (Plate
8). Considering that such terraces protect very valuable soil for preserving the natural
vegetation, these agricultural structures should be ameliorated with the aid of the national
consolidation schemes, particularly in the environmentally sensitive areas.

Plate 7. Badly degraded area (Lesvos) due to adverse climatic conditions, intensive
cultivation in the past and overgrazing accompanying with fires today (photo by C.
Kosmas, October 1996).
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4.4 Fires

The recent number and the extent of forest fires occurring in the Mediterranean region are
amongst the most serious environmental problems. In addition to the loss of vegetation, forest
fires induce changes in physico-chemical properties of soils such as water repellency, loss in
nutrients and increased runoff and erosion. They also extinguish wildlife habitat, cause loss of
human life and damage infrastructure. The loss of vegetation after fire and the progressive
inability of soils to regenerate adequate vegetation cover due to erosion has already led to
severe degradation and desertification of extensive hilly areas in the Mediterranean region.

Plate 8. A typical example of an abandoned terraced area (Peloponnesus, Greece), in
which terraces have collapsed resulting washing out of the soil (photo by C. Kosmas).

Fires have become frequent in the pine dominated forests during the last fifty years.
Most of the fires can be attributed to the people carelessness. The majority of fires occur in
areas with high xerothermic indices and moisture deficits. Soil dryness and wind speed are the
principal factors of fire evolution. The areas affected by forest fires are increasing
dramatically throughout the Mediterranean basin. In the period from1960 to 1975, the average
rate of burned area was 200 000 ha/yr, from 1975 to 1980 470 000 ha/yr, and 660 000 ha/yr
from 1981 to 1985 (Conacher and Sala, 1998). Since 1960s, 1 144 710 hectares have been
burned in Greece. Considering that the forest land in Greece covers about 8 200 000 ha,
therefore 14% of that area has been affected by fires in the last 38 years. Similar conditions
have been reported for other areas of the Mediterranean region. For example 9.4% of the
forested area has been affected by fires in Spain during the last 12 years.

Erosion rates seem to be enhanced after fires. The increased erosion rates are only
partly due to the removal of vegetation. More important seems to be the forming of an
impermeable subsurface layer, which decreases infiltration rates, while causing a quick
saturation of the upper layers leading to overland flow and erosion (Giovannini and Lucchesi,
1993). In contrast aggregate stabiloity increases after fire and that increase is more
pronoiunced after severe burns (Molina, 1993).
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1. Definition of ESAs

The different types of ESAs to desertification can be analysed in relation to various
parameters such as landforms, soil, geology, vegetation, climate, and human action. Each of
these parameters is grouped into various uniform classes with respect the its behaviour on
desertification and weighting factors are assigned in each class. Then the following four
qualities are evaluated (a) soil quality, (b) climate quality, (¢ ) vegetation quality, and (d)
management quality. After the computation of four indices for each quality, the ESAs to
desertification are defined by combining them (Fig. 14). All the data defining the four
qualities are introduced in a regional geographical information system (GIS), and overlaid in
accordance with the developed algorithm and maps of ESAs to desertification are compiled.
This approach includes parameters which can be easily found in existing soil, vegetation, and
climate reports of an area.

Three general types of Environmentally Sensitive Areas (ESAs) to desertification can
be distinguished based on the stage of land degradation:

Type A: Areas already highly degraded through past misuse, presenting a threat to the
environment of the surrounding areas. For example, badly eroded areas subject to high runoff
and sediment loss. This may cause appreciable flooding downstream and reservoir
sedimentation. These are critical ESAs.

Type B: Areas in which any change in the delicate balance of natural and human activity is
likely to bring about desertification. For example, the impact of predicted climate change due
to greenhouse warming is likely to enchance reduction in the biological potential due to
drought causing areas to lose their vegetation cover, subject to greater erosion, and finally
shift to the Type A category. A land use change, as for example, a shift towards cereals
cultivation, on sensitive soils might produce immediate increase in runoff and erosion, and
perhaps pesticide and fertiliser pollution downstream. These are fragile ESAs.

Type C: Areas threatened by desertification under significant climate change, if a particular
combination of land use is implemented or where offsite impacts will produce severe
problems elsewhere, for example pesticide transfer to downslope or downstream areas under
variable land use or socio-economic conditions. This would also include abandoned land
which is not properly managed. This is a less severe form of Type B, for which nevertheless
planning is necessary. These are potential ESAs.

Areas with deep to very deep, nearly flat, well drained, coarse-textured or finer soils, under

semi-arid or wetter climatic conditions, independently of vegetation are considered as non-
threatened by desertification.
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B. METODOLOGIA PER MAPPARE ESAS
1. Definizione delle ESAs

I diversi tipi d’ESAs alla desertificazione possono essere analizzati in relazione ai vari
parametri come morfologia del suolo, profondita del suolo, composizione geologica,
vegetazione, clima o azioni umane. Ognuno di questi parametri é raggruppato in vari classi
uniformi in relazione alla sua influenza sulla desertificazione, e di pesi assegnati ad ogni
classe. In seguito sono valutati quattro parametri: (a) la qualita del terreno, (b) la qualita
del clima, (c) la qualita della vegetazione e (d) la qualita della gestione. Dopo aver calcolato
quattro indici per ciascun qualita del suolo, si procede alla definizione delle ESAs alla
desertificazione combinando i quattro indici (Fig. 14). Tutti i dati che definiscono i quattro
parametri del suolo sono introdotti in un GIS regionale, e sovrapposti secondo gli algoritmi
sviluppati, quindi sono prodotte le mappe delle ESAs alla desertificazione.

Si possono distinguere tre tipi generali d’ESAs alla desertificazione in base al grado
di degradazione del suolo:

Tipo A: Aree gia altamente degradate tramite il cattivo uso del terreno, che presenta una
minaccia all’ambiente delle aree circostante. Per esempio, aree molto erose soggette ad
un’alto deflusso e perdita di sedimenti. Queste aree sono denominate ESASs critiche.

Tipo B: Aree dove qualsiasi cambiamento del delicato equilibrio delle attivita naturali o
umane molto probabilmente portera alla desertificazione. Per esempio, ['impatto del previsto
cambiamento climatico causato dall effetto serra probabilmente determinera una riduzione
del potenziale biologico causata dalla siccita provocando la perdita della copertura vegetale
in molte aree, che saranno soggette ad una maggiore erosione, e diventeranno di Tipo A. Un
cambiamento nell 'uso del suolo, per esempio uno spostamento verso la coltivazione di cereali
su suoli sensibili potrebbe produrre un immediato aumento del deflusso e dell’erosione, e
forse l'inquinamento a valle da parte di pesticidi e fertilizzanti. Queste aree sono denominate
ESAs fragili.

Tipo C: Aree minacciate dalla desertificazione sono soggette ad un significativo
cambiamento climatico, se una particolare utilizzazione del suolo e praticata con criteri
gestionali non corretti si potranno creare seri problemi, per esempio il scorrimento di
pesticidi lungo la pendice e deposito a valle dei principi attivi nocivi alla vegetazione. Questo
tipo € meno severo del precedente, ma cio nonostante e necessaria attuare una pianificazione
delle aree. Queste aree sono denominate ESAs potenziali.

Aree profonde o molto profonde, pianeggiati, ben drenati, e con tessitura grossolana o
suoli con particelle piu fini, soggette a condizioni semi-aride o con condizioni climatiche piu
umide, indipendentemente della loro copertura vegetale sono considerate come aree non
soggette a desertificazione o comunque soggetti al lento processo di degradazione e
comungque stabili.
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B. MEOOAOAOI'IA XAPTOI'PADPHXHY IIEII XTHN AIIEPHMQXH
2. Opiouos tov IIEIT

O dwapopetikes kotnyopies twv IIEIT yio v omepnuwon umopodv vo. avolvobodv oe oyéon ue
O10QOPES TOPOUETPOVS OIS N YEWUOPPOLOYIa, TO £0apog, N yewlioyia, n PAdotnon, to KAiuo
koi o1 avOpwmives opootnpiotnres. Kabe o amd ovtég Tic mopousTpovs opadomolEital o€
O10POPES OUOLOYEVEIS KATNYOPIES TE GYEON LE TH GOUTEPIPOPO. THS TPOS THYV ATEPHUDTH KOl GE
kabfe Katnyopio divoviar ovvieleotés Papvtnrag. Meta o1 oxolovleg Té0OEPEIS TOIOTHTES
octoloyobvrar. (o) morotnTo. eoapovg, (B) moidotnta kAiuotog, (y) moiotnta frdotnong kat (0)
moi0tyo, oroyeipions. Metd amd TOV DTOAOYIOUO TV TECGOPOYV OEIKTWV (VOGS Yo Kabe
xatnyopia) o1 IIEII yio. thv amepnuwon mpocoiopilovral omo 1o avvovoouo tovg. (Eik. 14). Olo
T0. 0E0OUEVD, OV TPOGOIOPILOVY TIG TEGGEPEIS TOIOTHTES ELOCAYOVIOL OE EVO YEDYPOPIKO
TANpopoplakd cboTiue. Kol YIvovial O01000)1kéS embécels ue foon tov alyopibuo mwov
ovartoyOnke omote kou gtiayvoviar o1 yoptes twv IIEIL Avty n mpocéyyion mepiioufaver
TOPOUETPOVS TTOV UTTOPOVY va. fpebody evkoia ae drabéaiues exbéoeis yio 10 Eoapog, o KAiuo.
Ko T fAGoTHON HIOG TEPLOYHG.

Tpeic yevikég kornyopies Ilepifolloviika EvaioOntawv Iepioywv (IIEII) yio v amepiuwon
Uwopodv vo, o10kp1ovv ue faon to araoio s vrofbuiong:

Katnyopia A: Ilepioyés non vmofaluiouéves Adyw KokNG ypHong oto mopellov mov
Tapovalalovy KIvoOvovs yio. 10 TEPIPailov yertovikav mepioywv. lio mapddsiyuo Eviovo,
OLOPSPOUEVES TIEPLOYES TOV DTOKEIVIOL TE DWHAN ETIQOVELOKN OTOPPON KOl OTWOAELR 1{HUATOG.
AvTO Umopel vo. TPOKOAEGEL GHUAVTIKG TANUUVPIKG. POIVOUEVO. OTO. KOTAVTH KO TPOGYWDOH TWV
ppayuatwv. Avtég eivor ot kpicueg ITEIL.

Kaznyopio B: Ilepioyés otic omoleg kaOs oliayn otny AETTH 160ppoTTio. pLOIKNS Kol avOpamivig
opaotyprotntas eivor mbovov vo. mpokoliéoel amepnuwan. 1o mopadeiyuo n emiopacy e
pofrepleioas KluaTikng aAloyng A0yw tov orvougvov tov Bepuoxnmiov sivar mbovov vo
mpokaiécel uciwon tov Proloyikod ovvauikod Aoyw g Cnpacios mov Bo oonynoer oty
OTWAELO THS PUTOKALDYNS OO OPIoUEVES TEPLoyES, Oa Tic exbéael Etot ae ueyolvtepn orappwan
ko1 telika Ba tic uetatomioer oty katnyopio. A. Mia allayn ™S ypnong yng, Omws yio.
TOPAOEIYUO. U0 UETOTOTION TPOS THY KOAAEPYEIQ, OITHPOV G€ €vOIoONTO 069N UTOPEL Vo,
TPOKOLETEL QUETH ADENON TTHY OTOPPON Kol TH OLOLPwon Kol IowS UOLDVEH GO PUTOPGPUOKO.
ko1 liwaouoto ot kotovty. Avtég eivor evaiocOnteg TNEIL

Katnyyopia I': [lcpioyés mov omellodviar omo Ty OTEPHUDOH KATW OTO CHUAVTIKY KALUOTIKN
0ALQYY, OV EYOPUOTTEL KATOLOG E10IKOS GOVOVAGUOS YPHOEWY VNG 1 EKEL OOV ONUIOVPYODVTAL
évrova mpofinuota omo EmOPOTEIS TOL EEKIVODY OTTO 0ALOD, Yio. TOPCOEIYUA N UETOPOPA GE
NOUNAOTEPES TEEPLOYES PVTOPOPUAKDYV TOD YXPHTYUOTOONKAY WHAOTEPO. KOTW OO OLOPOPETIKES
XPNOELS VNS 1] KOV VIKOOIKOVOUIKES ovvOnkes. Avto Qo mepilaufove axduo. eykataleleiyuévn
v n omoio, O¢ Ooyeipiletar owotd. Avth eivar pio A1yotepo cofopn TEPITTWON AmO THV
Kotnyopio. B, yia v omoio ouws eival omopaitntos o cyeoloouos. Avtég eivor o1 dvvnTIKESG
IIEIT

Leproyéc ue Pabic, ws wold Pabid, ayedov eminedo, KOAG amooTPoyyI{OUEVA, XYOVOPOKOKKO. 1} KOl

10 JEMTOKKOKO, 04PN KATM OO NUIENPES N KL TTLO DYPES KAUATIKES avVOnKES aveldpThTOo OO
™ PAaoTnon Gewpodvial ooy Uy ATELLOVUEVES OTO TV ATEPHUDTH.
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B. METODOLOGIA PARA A CARTOGRAFIA DAS ESAs
2. Definigdo de ESAs

Os diferentes tipos de ESAs no contexto da desertificagdo podem ser analisados relativamente
a varios parametros, tais como morfologia, solos, geologia, coberto vegetal, clima, e ac¢do
antropica. Cada um destes parametros é agrupado em diferentes classes uniformes que
reflectem o seu comportamento relativamente a desertificagcdo, sendo atribuidos factores de
ponderagdo para cada classe. Seguidamente, as quatro qualidades dos recursos da terra sdo
avaliadas: (a) qualidade de solo. (b) qualidade de clima. (c) qualidade de vegetagdo e (d)
qualidade de gestdo. Depois do tratamento informatico dos quatro indices para cada
qualidade, as ESAs sdo definidas pelo cruzamento dessas qualidades (Fig. 14). Toda a
informagao relativa as diferentes qualidades dos recursos da terra é introduzida num Sistema
de Informagdo Geogrdfica (SIG) de base regional, sendo sobrepostos os diferentes niveis de
informagdo de acordo com um algoritmo matemdtico, de modo a produzir mapas de Areas
Ambientalmente Sensiveis (ESAs) no contexto da desertificagdo. Esta abordagem inclui
pardmetros que podem ser facilmente acessiveis em estatisticas e fontes de informag¢do sobre
solos, clima e vegetagdo.

Podem distinguir-se, deste modo, trés tipos principais de ESAs no contexto da
desertificagcdo, baseadas no seu estado de degradacdo:

Tipo A: Areas ja bastante degradadas devido a uma incorrecta utilizacdo no passado,
constituindo uma ameag¢a para o ambiente das areas envolventes. Por exemplo, dreas
severamente erodidas, sujeitas a elevados indices de escorréncia superficial e de perda de
solo. Neste caso podem ocorrer a jusante inundagoes com alguma gravidade e a
sedimentagdo das albufeiras. Estas sdo as ESAs Criticas.

Tipo B: Areas onde qualquer alteracdo no delicado equilibrio entre o meio natural e as
actividades humanas pode conduzir o ecossistema no sentido da desertificagdo. Por exemplo,
o impacto da previsivel alteragdo climatica devido ao aquecimento global (efeito de estufa)
pode potenciar uma redugdo do potencial biologico devido a ocorréncia de secas, causando
uma redugdo do coberto vegetal, um aumento da erosdo do solo e por fim uma mudanga para
a categoria do Tipo A. Uma mudanga do uso do solo, por exemplo no sentido do cultivo de
cereais, em areas de solos com elevada sensibilidade, pode produzir um aumento imediato
nos fenomenos de escorréncia superficial e na erosdo hidrica, e talvez ainda problemas de
polui¢cdo a jusante devido ao arrastamento de pesticidas e fertilizantes. Estas sdo ESAs
Frageis.

Tipo C: Areas ameacadas pela desertificacio em face de uma significativa alteracdo
climatica, se uma particular combinagdo de usos do solo for implementada e onde impactos
externos podem produzir graves problemas, como por exemplo a transferéncia de pesticidas
ao longo das vertentes e cursos de agua para areas a jusante, sujeitas a uma variedade de
usos de solo e condigoes socioeconomicas. Esta situagdo inclui também as terras que sdo
abandonadas e ndo devidamente geridas posteriormente. Trata-se de uma forma menos
severa que o Tipo B, para a qual, no entanto, é necessario ordenamento e gestdo. Estas sdo
as ESAs Potenciais.

As areas com solos profundos ou muito profundos, quase planos, bem drenados, com textura
grosseira ou mais fina, sob condi¢oes climdticas semi-daridas ou mais humidas,
independentemente do coberto vegetal, sdo consideradas como ndo ameagadas ou ndo
afectadas pela desertificagdo.
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B. METODOLOGIA PARA LA CARTOGRAFIA DE LAS AMS
1. Definicion de AMS

Los diferentes tipos de AMS a la desertificacion pueden ser analizados en relacion a varios
parametros como geoformas, suelo, geologia, vegetacion, clima y accion humana. Cada uno
de estos parametros se agrupa dentro de varias clases uniformes con respecto a su
comportamiento sobre el proceso de desertificacion y se les asignan factores de ponderacion
dentro de cada clase. Se pueden evaluar las siguientes cuatro calidades de la tierra: (a)
calidad del suelo, (b) calidad del clima, (c) calidad de la vegetacion y (d) calidad de la
gestion. Tras la computacion de los cuatro indices para cada calidad de la tierra, las ASM a
la desertificacion son definidas por la combinacion de estos indices (Fig. 14). Todos los datos
que definen las cuatro calidades de la tierra se introducen en un sistema de informacion
geogrdfica (SIG) regional, se superponen de acuerdo con el algoritmo desarrollado, y los
mapas de las AMS a la desertificacion son compilados. Esta aproximacion incluye
parametros que se pueden encontrar facilmente en los informes existentes sobre suelo,
vegetacion y clima de un area.

Se pueden distinguir tres tipos diferentes de Areas Medioambientalmente Sensibles
(AMS) a la desertificacion, sobre la base del estado de degradacion de la tierra:

Tipo A: Areas que ya estan altamente degradadas por el mal uso pasado, que presentan una
amenaza para el medio ambiente de las dreas adyacentes. Por ejemplo, areas muy
erosionadas sujetas a alta escorrentia y alta produccion de sedimentos, que pueden causar
inundaciones aguas abajo y colmatacion de embalses. Son las AMS criticas.

Tipo B: Areas en las cuales cualquier cambio en el delicado balance entre la naturaleza y la
actividad humana puede, verosilmente, causar desertificacion. Por ejemplo, el impacto del
cambio climatico que se predice debido al efecto invernadero verosilmente intensificard la
reduccion del potencial biologico debido a que la sequia causara la pérdida de la cobertura
vegetal en ciertas areas, que sufriran mayor erosion y finalmente cambiaran a la categoria de
Tipo A. Un cambio en el uso del suelo, como por ejemplo un cambio hacia el cultivo del
cereal, sobre suelos sensibles pudiera producir un incremento inmediato en la ecorrentia y la
erosion, y quizd contaminacion por pesticidas y fertilizantes aguas abajo. Estas areas son las
AMS fragiles.

Tipo C: Areas amenazadas por desertificacion ante un cambio climatico significativo, si se
implementa una combinacion particular de usos del suelo o donde los impactos no locales
(aquellos que son inducidos por la AMS sobre zonas adyacentes o lejanas) producen
problemas severos en otras dreas, por ejemplo pesticidas transferidos hacia areas ladera y
aguas abajo, bajo condiciones de uso del suelo y socioeconomicas variables. También se
incluirian campos abandonados que no son apropiadamente gestionados. Es una forma
menos severa del Tipo B, ante la cual, no obstante, es necesaria una planificacion. Son las
AMS potenciales.

Areas con suelos profundos o muy profundos, casi llanas, bien drenadas, de textura gruesa o

mas fina, bajo condiciones climaticas semiaridas o mas humedas, independientemente de su
vegetacion se consideran como no amenzadas por desertificacion.
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2. Data collection

The following data of the physical environment and land management characteristics are
required for the definition of ESAs to desertification: (a) soil data, (b) vegetation data, (c)
climate data, and (d) land management characteristics (Fig. 14).

SOIL TEXTURE
ROCK FRAGMENT|—
SOIL DEPTH >

SOIL QUALITY ”
PARENT MATERIAL
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EROSION PROTECTION >

VEGETATION QUALITY

DROUGHT RESISTANCE >
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v

LAND USE TYPE |,
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v
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Fig. 14. Parameters used for the definition and mapping of the ESAs to desertification.
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2.1 Soil

The following minimum data basis for soils at the appropriate scale (e.g. 1:20 000 or 1:50
000) are required for definition of the ESAs to desertification at regional scale:

(a) soil texture

(b) parent material

(c ) soil depth to limitating layers
(d) slope grade

(e) drainage conditions

(f) surface rock fragment cover

Soil textural classes of particles <2 mm of the non-consolidated parent material, or the parent
material at 1.5 m if the soil is deep developed, are given using the USDA system of soil

texture designation. Table 2 shows the different textural groups in a triangle system.

Table 2. Textural classes classified according to water holding capacity.

Symbol | Designation | Textural classes
Y |veryclayey |More than 60% clay
C |[Clayey SC, SiC, C
L |loamy L, SCL, CL, SiCL, SiL
S sandy LS, SL
X  |extremely S
sandy

The parent material is defined using the geological map of the study area. The various types
of parent materials are grouped into the following classes according to their petrology and
mineralogical composition and their sensitivity to desertification (Table 3).

Table 3. Major classes of surficial consolidated or unconsolidated parent materials.

Major class Group Type
Igneous rock acid igneous Granite, grano-diorite, quartz-diorite, rhyolite
Pyroclastics

basic igneous Gabbro, basalt, dolerite

Metamorphic rock

Sedimentary rock

Unconsolidated

ultrabasic igneous
acid metamorphic

basic metamorphic

clastic sediments

Peridotite, pyroxenite, ironstone, serpentine
Quartzite, gneiss

Slate, phyllite

Schist, gneiss rich in ferro-magnesian,
Marble

Conglomerate,

Sandstone,

Siltstone, mudstone, claystone, shale
Limestone

Marl

Fluvial

Lacustrine

Marine

Colluvial

The average soil depth to the consolidated bedrock in meters is required. Soil depth to
the limiting layers is defined in the following classes: very shallow (depth <15 cm), shallow

(15-30 cm), moderately deep (30-75 cm), and deep (>75 cm).
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Slope gradient is described using topographic maps of the appropriate scale. The
following dominant slope classes are distinguished: <6%, 6-18%, 18-35%, and >35%.

Drainage conditions are defined on the basis of the depth of hydromorphic features
such as iron or magannese mottles or grey colors, and depth of the groundwater table. The
following drainage classes are distinguished:

Very well to well drained soils
Soils with any Fe or Mn mottles or grey colours in some depth greater than 100 cm from the
soil surface. The soil is not wet enough near the soil surface or the soil does not remain wet
during the growing period of the plants. Water is removed from the soil rapidly.

Moderately well to somewhat poorly drained soils
Fe, Mn or grey mottles are present in the soil, in some depth between 30 and 100 cm from the
soil surface. The soil is wet enough near the soil surface or the soil remain wet during the
early growing period of the plants. Water is removed from the soil slowly.

Poorly to very poorly drained soils
Mottles of Fe and Mn are present in the upper 30 cm of the soil, or reducing (grey) colors. A
permanent water table usually exist in depth greater than 75 cm. In some of these soils the
ground water reach to the surface during the wet period of the year. Water is removed from
the soil so slowly that the soils are wet at shallow depth for long periods.

Rock fragments (>6 mm) in the soil surface are defined on the percentage cover in
three classes: >60%, 20-60%, and <20%.

2.2 Vegetation
Vegetation is defined in terms of type of vegetation and percentage cover of each type of
vegetation. The type of vegetation is defined on the basis of the dominant species such as

macchia, evergreen forest, deciduous forest, etc. (Table 4).

Table 4. Classification of natural vegetation and agricultural crops

Class | Vegetation

Mixed Mediterranean macchia/evergreen forest
Mediterranean macchia

Permanent grassland

Annual grassland

Deciduous forest

Pine forest

Evergreen forest except pine forest
Evergreen perennial agricultural crops
Deciduous perennial agricultural crops
Annual winter agricultural crops
Annual summer agricultural crops
Bare land

=N o R e O N

Vegetation cover is defined in classes according to its relation to soil erosion and land
degradation as following: >40%, 10-40%, and <10%.
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2.3 Climate
The following data on climate are required for the assessment of climate quality:

Temperature-mean monthly air temperature (°C)

Precipitation-mean monthly precipitation amount (mm)

Frost-mean monthly number of days with minimum temperature < 0°C
Potential evapotranspiration-mean monthly potential evapotranspiration (mm).

A regionalization of the climate data is required for deriving climate maps. The
regionalization can be achieved by creating Thiessen polygons around each climate station.
Corrections of Thiessen network can be made, where appropriate, in order to take into
account topographic factors.

The concept of Bagnouls-Gaussen bioclimatic aridity index can be successfully used
for determining the aridity index from easily available meteorological data. The Bagnouls-
Gaussen aridity index (BGI) is defined as following:

n
BGI =Y (2t;- Pi). k
i=1

where: t;is the mean air temperature for month i in °C, P; is the total precipitation for month i
in mm; and k; represents the proportion of the month during which 2t; - P; >0.

Slope aspect is considered here for climate quality assessment by distinguishing two
classes one with NW and NE aspects and class two with SE and SW aspects.

2.4 Management characteristics

Land use can be classified according to several criteria leading to hierarchies of land use
types. The number of criteria employed is dictated by the level of detail desired as well as by
the availability of the proper data. The principal classification criterion is the main purpose
for which land is used. Based on this criterion, the land use types can be distinguished as
following:

Agricultural land (cropland, pasture or rangeland)

Natural areas (forests, shrubland, bare land)

Mining land (quarries, mines, etc.)

Recreation areas (parks, compact tourism development, tourist areas, etc.)
Infrastructure facilities (roads, dams, etc.)

a. land use intensity

For each of the above main land use types, the intensity of the use is assessed for each of the
main land use types separately.

Agricultural land (cropland)

The intensity of land use for cropland is assessed by characterising the frequency of
irrigation, degree of mechanisation, the existing of terraces, the use of agrochemicals and
fertilisers, the crop varieties used, etc. Three levels of land use intensity are distinguished for
the agricultural areas as following:
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- Low land use intensity(LLUI) (extensive agriculture). Local plant varieties are used,
fertilisers and pesticides are not applied, yields depends primarily on fertility of soils and
environmental conditions. Mechanisation is limited. In case of seasonal crops, one crop is
cultivated per year or the land remain under fallow.

- Medium land use intensity (MLUI). Improved varieties are used, insufficient fertilisers are
applied and inadequate disease control is undertaken. Mechanisation is restricted to the most
important such as sowing, fertilisers application, etc.

- High land use intensity (HLUI) (intensive agriculture). Improved varieties are used.
Application of fertilisers and control of diseases are adequate. Cultivation is highly
mechanised.

Pasture land
The quality of management of pasture land can be assessed by estimating the carrying
capacity of the area and comparing with the actual number of animals grazing the area. The
sustainable stocking rate (SSR) expressed in animals per hectares can be calculated by the
following equation:

SSR=X*P*F/R

where: R is the required annual biomass intake per animal (sheep or goat 187.5 kg animal™
year', FAO 1991), X is the fraction including grazing efficiency and correction for biomass
not produced during the latest growing season (grazed: 0.5, non-grazed 0.25 year™), P is the
averaged palatable biomass after dry season (kg ha™ ), F is averaged fraction of the soil
surface covered with annuals.

Natural land (forests)

A major distinction must be made between natural forests and managed forest. In the case of
natural forests the quality of management is considered as high as there is absence of
management, by definition. In the case of managed forests, the intensity of use is determined
by the demand for forest products. Demand is difficult to measure and hence indirect
procedures are employed. One approach involves assessment of the sustainable yield of a
forest and its comparison to the actual yield by forming the ratio actual/sustainable.

Mining land
Mining activities have a highly degrading effect both during lifetime and after the end of the

mining. Hence, a first distinction is made between active and inactive mining sites. For active
sites, the enforcement of reclamation policies is an important determinant of degradation
prospects of these sites. The intensity of land use can be assessed as following for the case of
active mining: Surface or subsurface mining with fully erosion measurements undertaken
will be considered as well managed. Surface or subsurface mining with moderate erosion
measurements undertaken will be rated with medium land use intensity. Surface or
subsurface mining activities without or slight erosion protection measurements will be rated
with high land use intensity and high desertification risk.

Recreation areas

The diversity of types of recreation areas as well as the indirect effects of recreation activities
on the environment requires the basic distinction between passive ad active recreation as it
implies significantly different degree of stress on the land. Passive recreation, which is the
least threatening the environment, includes walking, nature seeing, mountain
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climbing, swimming and similar activities. Active recreation, which is the important for land
degradation, includes skiing, cross country skiing games (e.g. sand rallies), etc. The quality of
management is a function of both the size of demand as well as the management strategies
and practices employed. The assessment procedure would involve: (a) assessment of the
visitor carrying capacity of the recreation area (maximum number of visitors permitted per
year), (b) assessment of the actual number of visitors per year, (c) calculation of the ratio of
actual to permitted number of visitors per year,(d) rating the quality of management as high if
the ratio is equal or less than unit, and with low if the ratio is greater than unit.

Tourism development

Like recreation areas, tourist areas can not easily assessed for the following reasons: (a)
tourist areas may be parts of or intermingle with urban areas or existing settlements in
general, (b) in some cases tourism is the principal activity in an area, (c) tourism may affect
not only the particular geographic area but areas of other locations due to environmental
linkage, (d) tourism and recreation activities are difficult to distinguish in practice and may
occur simultaneous at the same place, (e) tourism may be important in certain areas only such
as coasts and sensitive ecosystems. The intensity of tourism development can be assessed
following the procedure described for recreation areas.

b. Policy

Particular attention is given for the definition of ESAs to desertification to the policies
related to the land protection such as policies supporting terracing, policies favouring
extensive agriculture, coastal protection policies, etc. Of course their effectiveness depends
on the degree to which they are enforced. Therefore, rating of policies is based on the degree
to which they are enforced. Hence, the information must be collected on the existing policies
and their implementation /enforcement. The information needed depends on the policy under
consideration. For example, in the case of terracing protection policy, a relevant piece of
information might be the ratio of protected to existing terraces (Plate 10). In the case of
extensive agriculture policy, a relevant piece of information might be the percentage of farms
(or farmers) or the percentage of area under extensive agriculture.

Plate 10. A terraced olive grove in which the enforcement of the policy for repairing
terraces is very low
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3. The assessment procedure

As Fig. 14 shows, the assessment of the ESAs is based in the introduction of the physical
characteristics of the land such as soils, climate and vegetation. Management characteristics
such as land use type, intensity of land use and policies are included in order to stress the
man induced desertification. The assessment involves two stages. In the first stage, the four
indices for soil quality, climate quality, vegetation quality, and management quality are
calculated providing a measure of the inherent quality of the physical environment and the
man induced stress of desertification as in the following discussion.

3.1 Soil quality indicators

Soil is a dominant factor of the terrestrial ecosystems in the semi-arid and dry sub-humid
zones, particularly through it’s effect on biomass production. Soil quality indicators for
mapping ESAs can be related to (a) water availability, and (b) erosion resistance. These
qualities can be evaluated by using simple soil properties or characteristics given in regular
soil survey reports such as texture, parent material, soil depth, slope angle, drainage,
stoniness, etc. The use of these properties for defining and mapping ESAs requires the
definition of distinct classes with respect to degree of land protection from desertification.

Table 5. Classes, and assigned weighing indices for the various parameters used for assessment
of soil quality.

SLOPE
TEXTURE Class | Description slope (%) Index
Class | Description | Texture Index 1 Very gentle to flat | <6 1
1 Good L, SCL, SL, LS, CL 1 2 Gentle 6-18 1.2
2 Moderate SC, SiL SiCL 1.2 3 Steep 18-35 1.5
3 Poor Si, C, SiC 1.6 4 Very steep >35 2
4 Very poor |S 2
SOIL DEPTH
PARENT MATERIAL flass ]];escrlptlon ie;;;th (cm) 11ndex
class | Descriptio: | Parent material index ) Mi)e(?erate 7530 )
1 |good Shale, schist, basic, ultra basic] 1.0 3 Shallow ] 5:3 0 3
Conglomerates, unconsolidateq 4 Verv shallow <15 4
2 Moderate | Limestone, marble, granite, 1.7 Y
Rhyolite, Ignibrite, gneiss, DRAINAGE
siltstone, sandstone — 5
3 Poor Marl*, Pyroclastics 2.0 flass leslc zllf;tif:d 11ndex
* For perennial vegetation, marl are removed to class 1. g | ggg:g?:gng?med | é‘z
ROCK FRAGMENTS SOIL QUALITY -
Class | Description RF cover (%) | Index class Description range
1 Very stony >60 1 1 high quality <1.13
2 Stony 20-60 1.3 2 Moderate quality 1.13 to 1.45
3 Bare to slightly stony | <20 2 3 low quality ~1.46

Soil texture is related to erodibility, water retention capacity, crusting and aggregate
stability. The amount of available water is related to both texture and structure. Soils high in
silt (silt loam) tend to have the largest available water holding capacity. In the opposite, sands
have the smallest available water-holding capacity. Sandy soils tend to be more prone to
drought than clayey soils because they retain less water at field capacity and the water
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retained is consumed more rapidly by the growing plants. The soil textural classes are
grouped according to their water-holding capacity (Table 5).

Parent materials are classified according to their sensitivity to desertifciation (Table
5). Rock fragments present in the soil surface are classified in three class according to their
capacity to conserve soil water and protect the soils from erosion as (Table 5).

Soil depth is defined as the depth of the soil profile from the soil surface to the top of
the regolith or unweathered parent material. Soil depth is classified in four classes (Table 5).
Slope grade is classified in four classes according to the effect on soil erosion (Table 5).
Soil drainage condition is mainly used for assessing desertification risk due to salinization of
flat areas located mainly in alluvial plains along the coast line or in depressions inside
valleys. Three drainage classes are defined with respect to effect on salinization (Table 5).

Soil quality index (SQI) 1is then calculated as the product of the above attributes,
namely soil texture, parent material, rock fragment cover, soil depth, slope grade, and
drainage conditions as the following algorithm. The soil quality is then defined using Table 1.

SQI = (texture * parent material * rock fragment * depth * slope * drainage)” 6

3.2 Climate quality

Climate quality is assessed by using parameters that influence water availability to the plants
such as amount of rainfall, air temperature and aridity, as well as any climate hazards as frost
which might inhibit or even prohibit plant growth. Annual precipitation is classified in three
classes considering the annual precipitation of 280 mm as a crucial value for soil erosion and
plant growth (Table 6).

Table 6. Classes and weighing indices for climate quality assessment.

RAINFALL

class | Rainfall (mm) Index Acﬁllsls) ITY TeTE -
1 >650 1 ge ndex
2 280-650 2 1 <50 1
3 <280 4 2 50-75 1
3 75-100 1.2

CLIMATE QUALITY 7 100-125 o
climate quality index Dgscrlptlo'n Range 5 55150 =

1 High quality <1.15

2 Moderate quality |1.15 to 1.81 6 >150 2

3 Low quality >1.81

The most effective measure of soil water availability is the assessment of precipitation
minus evapotranspiration and run-off. However, this calculation requires relatively many data
such as soil moisture retention characteristics, vegetation growth characteristics etc.,
therefore, the simple Bagnouls-Gaussen aridity index is used here. This index is grouped into
six classes (Table 6).

Slope aspect is divided here into two classes (a) NW and NE and (b) SW and SE
assigning the indices 1 and 2, respectively. The above three attributes are then combined to
assess the climate quality index (CQI) using the following algorithm. The climate quality is
then defined using Table 6, classified into three classes.

CQI = (rainfall * aridity * aspect)'”
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3.3 Vegetation quality

Vegetation quality is assessed in terms of (a) fire risk and ability to recover, (b) erosion
protection to the soils, (¢ ) drought resistance, and (d) plant cover. The existing in the
Mediterranean region dominant types of vegetation are grouped into four categories
according to the fire risk (Table 7). Also four categories are used for classifying the
vegetation according to the protection to the soil from erosion (Table 7). Five categories are
used for classification of vegetation with respect to drought resistance. Finally, plant cover is
distinguished into three classes.

Table 7. Classes and weighing indices of parameters used for vegetation quality assessment.

FIRE RISK
Class | Description | Type of vegetation index
1 Low bare land, perennial agricultural crops, 1
annual agricultural crops (maize, tobacco, sunflower)
2 Moderate annual agricultural crops (cereals, grasslands), 1.3
deciduous oak, (mixed), mixed Mediterranean, macchia/evergreen forests
3 High Mediterranean macchia 1.6
4 |veryhigh |pine forests 2
EROSION PROTECTION
Class | Description | Vegetation types Index
1 Very high | Mixed Mediterranean macchia/evergreen forests 1
2 High Mediterranean macchia, pine forests, 1.3
Permanent grasslands, evergreen perennial crops
3 Moderate Deciduous forests 1.6
Low Deciduous perennial agricultural crops (almonds, orchards) 1.8
4 very low Annual agricultural crops (cereals), annual grasslands, vines, 2
DROUGHT RESISTANCE
Class | Description | Types of vegetation Index
1 very high | Mixed Mediterranean macchia/evergreen forests, 1
Mediterranean macchia
2 High Conifers, deciduous, olives 1.2
3 Moderate | Perennial agricultural trees (vines, almonds, ochrand) 1.4
4 Low Perennial grasslands 1.7
5 very low | Annual agricultural crops, annual grasslands 2
PLANT COVER VEGETATION QUALITY
class | Description | plant cover (%) | index | | vegetation quality index | Description range
1 High >40 1 1 high quality 1 tol.6
2 Low 10-40 1.8 2 Moderate quality | 1.7 to 3.7
3 very low | <10 2 3 low quality 3.810 16

The vegetation quality index (VQI) is assess as the product of the above vegetation
characteristics related to sensitivity to desertification using the following algorithm. Then the
vegetation quality index is classified into three classes defining the quality of vegetation with
respect to desertification. (Table 7).

VQI = (fire risk * erosion protection * drought resistance * vegetation cover )"
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3.4 Management quality or degree of human induced stress

As it was mentioned above, the land is classified in the following categories according to the
major land use for assessing the management quality or the degree of human induced stress:

1. Agricultural land

- cropland

- pasture

2. Natural areas

- forest

- shrubland

- bare land

3. Mining areas (quarries, mines, etc.)

4. Recreation areas (parks, compact tourism development, tourist areas, etc.)
5. Infrastructure facilities (roads, dams, etc.)

After defining the type of land use in a certain piece of land, then the intensity of land use
and the enforcement of policy on environmental protection is assessed for the particular type
of land use.

a. Land use intensity

Agricultural land-cropland

The intensity of land use of a cropland is classified into three classes (Table 8) based on the
frequency of irrigation, degree of mechanisation of cultivation, application of fertilisers and
agrochemicals, types of plant varieties used, etc, described previously.

Pasture land

The intensity of land use of a pasture land is defining by estimating the sustainable stocking
rate (SSR) and the actual stocking rate (ASR) (described previously) for the various pieces
of land under grazing. Then, the intensity of land use is assessed by using the ratio of
ASR/SSR and classified into three classes (Table 8).

Natural areas

In natural areas such as forests, shrubland etc., the intensity of land use is defined by
assessing the actual (A) and sustainable yield (A/S). Then, the intensity of land use is
classified into three classes based on the ratio A/S (table 8).

Mining areas
The intensity of land use for areas with mining activities is defining by evaluating the

measurements undertaken for soil erosion control such as terracing, vegetation cover, etc.
Then , the intensity of land use is classified into three classes based on the evaluated degree
of land protection from erosion (Table 8).

Recreation areas

In areas undergoing active reaction such as skiing, rallies etc., the intensity of land use is
evaluated by defined the actual and the permitted number of visitors per year (A/P). Then the
land use intensity is classified into three classes based on the ratio A/P (Table 8).
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b. Policy

The policies related to environmental protection are classified according to their degree in
which they are enforced for each case of land use. The information on the existing policies
are collected and then the degree of implementation/enforcement is evaluated. Three classes
related to the policy on environmental protection are defined (Table 8).

The management quality index (MQI) is assessed as the product of land use intensity
and the enforcement of policy for environmental protection using the following algorithm.
Then the management quality is defined using Table 8.

MQI = (land use intensity * policy enforcement)'?
Table 8. Classes and weighing indices of parameters used for land management quality
assessment.

CROPLAND
Class | Description Index
1 low land use intensity (LLUI) 1
2 Medium land use intensity (MLUI) 1.5
3 high land use intensity (HLUI) 2
PASTURE
Class | Description | Stocking rate Index
1 Low ASR< SSR 1
2 Moderate ASR=SSR to 1.5*SSR 1.5
3 High ASR>1.5*SSR 2
NATURAL AREAS
Class | Description | management characteristics Index
1 Low A/S=0 1
2 Moderate | A/S<1 1.2
3 High A/S =1 or greater 2
MINING AREAS
Class | Description | erosion control measurements index
1 Low Adequate 1
2 Moderate | Moderate 1.5
3 High Low 2
RECREATION AREAS
Class Description A/P visitors ratio index
1 Low >1 1
2 Moderate 1to2.5 1.5
3 High >2.5 2
POLICY
Class | Description | Degree of enforcement index
1 High Complete: >75% of the area under protection | 1
2 Moderate Partial: 25-75% of the area under protection 1.5
3 Low Incomplete: <25% of the area under protection] 2
MANAGEMENT QUALITY
Class | Description Range index
1 High 1t01.25
2 Moderate 1.26 to 1.50
3 Low >1.51
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4. Matching the results

The final step comprises the matching of the physical environment qualities (soil quality,
climate quality, vegetation quality) and the management quality for the definition of the
various types of ESAs to desertification. The four derived indices are multiplied for the
assessment of the ESAs index (ESAI) as following:

ESAI = (SQI * CQI * VQI * MQI)'*

The ranges of ESAI for each of type of the ESAs (as they were defined above), including
three subclasses in each type appear in Table 9.  Each type of ESAs is defined on a three-
point scale, ranging from 3 (high sensitivity) to 1 (lower sensitivity), in order the boundaries
of the successive classes of ESAs to be better integrated. It must be pointed out that the range
for each type of ESAs has been adjusted in a such a way that it can include the various types
of ESAs resulted from the various studies conducted in the target area of the island of Lesvos.
Then this methodology has been validated in two areas (a) the Agri basin (Italy) and (b)
Alentejo region (Portugal), which have been assigned as target areas for desertification
studies in the frame of the EC research project MEDALUS.

Table 10. Types of ESAs and corresponding ranges of indices.

Range of ESAI

Critical C3 >1.53

« C2 1.42-1.53

« Cl 1.38-1.41

Fragile F3 1.33-1.37

« F2 1.27-1.32

« F1 1.23-1.26

Potential P 1.17-1.22
Non affected N <1.17

The mapping symbol of each type of ESAs includes the class and subclass, four suffixes
corresponding to the used land qualities ( ‘s’ for soil, ‘c’ for climate, ‘v’ for vegetation and
‘m’ for management) and four numbers indicating the degree of limitation for each quality
(Fig. 15).

FfT—c2si1v2

m1
TT degree of limitation

W
1 management
vegetation

s0il

climate
ESA subtvpe
ESA tvpe

Fig. 15. Mapping symbol used for characterisation of the ESAs to desertification.
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C. REGIONAL DESERTIFICATION INDICATORS (RDIs)

Mike Kirkby
University of Leeds, School of Geography

The approach to RDI’s is applied here primarily for soil erosion by water, for which the
detailed methodology has been most fully developed. The underlying rationale is based on a
one-dimensional hydrological model, which is used to estimate potential vegetation cover, if
required and storm runoff based on climatic and vegetation data. The forecast runoff,
accumulated across the frequency distribution of storms, is used to give a climatic erosion
potential, which is then appropriately combined with measures of topography and soil
erodibility to estimate the expected rate of soil erosion at a resolution of 1 km.

Desertification Indicators are identified with unacceptably high current rates of
erosion, and with high sensitivity of erosion rates to potential changes in climate or land use.
The methodology may be applied to a number of environmental processes. Here it is being
applied to water erosion, salinisation, depth of the active (unfrozen) layer and peat mire
accumulation. It is proposed to extend it to wind erosion in the near future.

C. INDICATORI DI DESERTIFICAZIONE REGIONALI (RDIS)

L’approccio ai RDIs e principalmente applicato qui per [’erosione idrica, per la quale la
dettagliata metodologia e stata sviluppata in pieno. La base logica ¢ basata su modello
idraulico avendo una singola dimensione, che ¢ usato per stimare la copertura vegetale
potenziale, se necessario, e di stimare il deflusso da eventi basato sui dati climatici e vegetali.
1l deflusso previsto, accumulato attraverso la frequenza di distribuzione degli eventi, é usato
per dare la potenziale erosione dovuta al clima, la qual e combinata con le misure
topografiche e d’erodibilita del suolo per stimare [’atteso tasso d’erosione del suolo ad una
risoluzione di 1 km.

Gli Indicatori di Desertificazione sono individuati con inaspettati alti tassi d’erosione,
e con un’alta sensibilita dei tassi d’erosione ai cambiamenti potenziali del clima e l'uso del
suolo. Questa metodologia puo essere applicata a vari processi ambientali. Qui e applicata
all’erosione idrica, alla salinizzazione, alla profondita dello strato attivo (non congelato) e
all’accumulazione di lettiera fangosa di torba. La proposta e di applicarla all’erosione eolica
nel prossimo futuro.

I. IIEPIPEPEIAKOI AEIKTEY AIIEPHMQXHY (T114A4)

H mpoacéyyion arovg T[14A4 epopudletar €0 kvpicwg yio. Ty voatiKy o10ppwan, yio TV omoio N
Aemrouepns ueboooloyio Eyer avamrvylei minpéotepo. To vmofobpo eivor faciouévo oe éva
LOVOOLAOTOTO VOPOAOYIKO HOVTEAO TOV YPHOLUOTOIEITAL Y10, VO. DTOAOYIGEL TH OVLVHTIKN
PUTOKGAVYY, EQV YPEIGLETOL, KOL TV QIOPPON TOD ONUIOVPYEITOL OO KOTOLYIOES POCIOUEVO GE
oedouévo, kliuatike, koi fraotnons. H mpoflemouevn amoppon, cvoowpevuévy kata v
KOTOVOUN GUYVOTNTOS TWV KOTOLYIOWV YPHOYOTOIEITOL YIo VO TOPAYEL TO OVVOUIKO THG
KAUOTIKNGS O1ASPONS TO 0T0I0 TOTE GUVODOGUEVO KOTCIANAO e UETPHOELS TOTOYPOPIKES KOl
0LafPTIUOTHTOS TOD E0G.POVS DITOAOYILEL TOV TPOoflemouevo pvluo e o1afpwaons Tov 0GPOvsS
ue axpipeio 1 km.

O1 OeiKkTes OmEPNUMTNS TAVTILOVTOL UE OTOPBOEKTO DYHAODS pLOUODS OLGSPmanS Kal e
oynin evaiadnaoio twv poOUOY O1GLPWENS 0 OVVNTIKES aAloyéS oTo KAiua 1 oty ypnon yns. H
ueboooloyio umwopetl vo, epapuooTtel o€ pio, GeIPa amo TEPIPOALOVTIKES d1a0ikooies. Ed
eQapuoetal aTny VOATIKN O1GPpwarn, alotwar, PaBog evepyns (Uun ToywUEVHS) TTPWONS Kal
ovaowpevon Topens. Ilpoteivetar va emektalet oTnY a10liKn O1GLPLEN GTO KOVTIVO UEALOV.
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C. INDICADORES REGIONAIS DE DESERTIFICACAO (RDIs)

A abordagem dos Indicadores Regionais de Desertificacdo é aqui aplicada principalmente em
relagcdo a erosdo hidrica do solo, fenomeno para o qual a metodologia detalhada foi o mais
amplamente desenvolvida. A ideologia subjacente baseia-se num modelo hidrologico
unidimensional, utilizado para estimar um coberto vegetal potencial, se necessario, e também
escoamento torrencial com base em dados climdticos e de cobertura vegetal. O escoamento
previsto, acumulado de acordo com a frequéncia de ocorréncia dos episodios chuvosos, é
utilizado para calcular um potencial erosivo em fungdo do clima, o qual é depois devidamente
combinado com medi¢oes topograficas e de erodibilidade dos solos, para estimar o grau de
erosdo hidrica do solo, com uma resolugdo espacial de 1 km’.

Os Indicadores de Desertificacdo sdo identificados com taxas de erosdo inaceitavelmente
elevadas e com elevada sensibilidade dessas taxas de erosdo a potenciais alteragoes
climaticas ou de uso do solo. A metodologia apresentada pode ser aplicada a um determinado
numero de processos ambientais. Neste caso esta a ser aplicada a erosdo hidrica do solo,
salinizag¢do, profundidade do horizonte vivo do solo e sedimentagdo aluvionar. Propoe-se a
sua extensdo ao processo de erosdo eolica num futuro proximo.

C. INDICADORES REGIONALES DE DESERTIFICACION (IRD)

La aproximacion a los IRD se aplica aqui bdasicamente a la erosion hidrica, para lo cual se ha
desarrollado la metodologia de una modo mas completa. El razonamiento subyacente esta
basado en un modelo hidroldgico unidimensional, que es usado para estimar la cobertura
potencial de la vegetacion, si es necesario, y la escorrentia por evento, basada en datos de
vegetacion y clima. La escorrentia predicha por el modelo, acumulada a través de la
distribucion de frecuencias de los eventos lluviosos, se utiliza para porporcionar la erosion
climatica potencial, que se combina entonces de manera apropiada con medidas de topografia
y erosionabilidad del suelo para estimar la tasa esperada de erosion con una resolucion de 1
km.

Los Indicadores de Desertificacion son identificados con tasas de erosion actual
inaceptablemente altas, y con alta sensibilidad de las tasas de erosion a cambios potenciales
en el clima o el uso del suelo. La metodologia se puede aplicar para diversos procesos
ambientales. Aqui se aplica para erosion hidrica, salinizacion, profundidad de la capa activa
(no congelada) y acumulacion de turba. Se propone su extension a la erosion edlica en el
futuro inmediato.
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1. Rationale for Estimating Total Potential Erosion Rate

The proposed approach consists of taking a very simple and conservative erosion model, and
showing that it can be disaggregated into components which respectively depend on climate,
vegetation, topography and soil factors. These factors can then be assessed separately, using
available data sources, and used to make regional forecasts. Because the component are
explicit, the impact of changes in land use or climate can also be clearly identified, so that
sensitivity to changed conditions can be estimated.

The rate of sediment transport is estimated as a mean soil loss in Tons/Ha, obtained as a
product of terms which are primarily dependent on soil, climate/vegetation and topography.
This approach originates from early work by the USDA (Musgrave, 1947), leading to
expressions of the general form:

S=kq"N'

where £ is the soil erodibility,
q 1s the overland flow discharge per unit width (C1)
A is local slope gradient

and  m, n are empirical exponents in the range 0 - 2.

The particular form proposed here for rill erosion is:

S=k(grA-0) ©2)
where O is a flow power threshold

The reasons for this particular choice are discussed at greater length below.
In this expression, the first term, £, is the soil erodibility. Soil properties also influence
the threshold, ®. The discharge per unit width, g, can be re-written as:

q=Jjx
where j is the runoff (per unit area) (C3)

and x is the distance downslope (from the divide)

The term gA = j xA then explicitly breaks down into a climatically driven term, j, and a
topographic term xA. If sediment transport is evaluated at the slope base, then this term is

closely correlated with the total slope relief, H= xA, where A is the mean slope gradient.

The climatic term needs to be appropriately summed over the frequency distribution of
storm rainfalls, but it can be seen that this approach provides a rationale for combining the
effects of topography, soils and climate into a single integrated erosion forecast.

2. Factors controlling water erosion

Water Erosion is known to be directly controlled by a number of factors (Fig. 16); climate,
vegetation, soil properties and topography. Each factor is itself complex, and the various
factors interact with one another. In creating synthetic indicators, it is important to use a clear
scientific rationale to combine relevant measures of these factors into composite indicators.
This analysis is targeted on such a synthesis, and so differs in approach from that in Section
A2 above, although essentially making use of similar components.
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Fig. 16: Flow diagram showing the main controls on water erosion
2.1 Climate

Both low frequency and high frequency components of the climate are important for erosion.
Low frequency events determine the seasonal cycle of the soil water balance which provides
the environment for growth of crops or natural vegetation. It may be appropriate to run a
vegetation growth model (natural or crop) which then contains the potential to give a dynamic
response to changed land use or climate conditions. Alternatively land cover may be derived
from ground-based survey or remote sensing, with potentially greater accuracy but without the
potential for responding to prospective changes. Almost all Mediterranean environments are
dominated by overland flow in the summer, but in wetter environments there is substantial
sub-surface flow and groundwater recharge in winter (up to 75% of total rainfall), whereas
drier environments are dominated by overland flow almost year round. Similar balances also
influence the potential for salinisation in the drier areas where parent materials are rich in
sodium.

High frequency rainfall events are clearly crucial for generating overland flow. The
simplest effective tool for estimating runoff is the notion of a threshold storm size. Beneath
the threshold there is little or no runoff; above it all or a high proportion of the additional
rainfall generates overland flow. This approach is illustrated in figure 17(a) for data from a
US experimental catchment. Thus the average annual overland flow runoff (per unit area) is
estimated as:
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J =2 p(r=h)

r>h

where the summation is made over all storms, »
which exceed the runoff threshold 4
and p is the proportion of runoff above the threshold

(C4)

For a mathematically defined distribution function, the runoff may be estimated by integration.
For example, if the distribution of storm (or daily) rainfalls is exponential:

IfN(r)= N,exp(-r/r)

then J = pRexp(—h/r,)

where N(r) is the number of days with rainfall >r

N, is the number of rain days, (©5)
7, is the mean rain per rain day,

R is the total rainfall = 7y N,

In practice a sum of two exponential terms (Kirkby & Cox, 1995) is more appropriate in most
cases, and the parameters should be calculated for each month separately.
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Sediment = k (Runoff)”"2

Storm Sediment Yield

Storm Runoff (mm)

Fig. 17. Relationships between Storm rainfall, Runoff and Sediment Yield (total Storm
Runoff .v. Storm Rainfall, above; and Storm Sediment Yield .v. Total Storm Runoff,
below).
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Summation over storms is achieved by fitting the distribution of daily rain amounts to
the sum of two exponential distributions, using the monthly values for number of rain days,
mean rain-day and its standard deviation. Thus the cumulative frequency of a daily rainfall
in excess of r is:

1—
N(r)=N, {ﬁexp[— Lj + a exp(— Lﬂ
n n r r

where g is a fraction, normally between 0 and 1, (Co)

and 1, r, are rainfall intensity parameters.

The mean and variance of this distribution are:

r=pr + (1= por,

(C7)
o® =1’ w2 = p) = 2nrp(l— ) + 1y (1= 1)
It has been found convenient in practice to solve these equations iteratively, assuming a fixed
ratio ry:1r> =5.0.

In the expression for sediment transport used above (equation C2), sediment transport is
related to (Discharge)®. Integration over the frequency distribution should then be for terms:

> p*(r—h) =2p*Rryexp(=h/r,) etc.

r>h

The effect of the threshold term makes additional changes to the integrated sum, leading to
terms of the form:

C
2p°Rryexp(=h /1) exp(— _Hj for the single exponential distribution.  (C8)
r

0

Figure 17(b) illustrates the empirical form of the relationship between runoff and sediment
yield for single storms, and figure 18 for annual totals.

2.2 Vegetation

Figure 18 shows data for sites which differ in their vegetation cover, but which all have very
similar total rainfall. It is concluded that vegetation and associated soil properties, in
particular soil organic matter content, have a major impact on the runoff threshold, 4, which
takes values of about 10 mm for bare soil up to 100 mm or more for forested areas.
Vegetation acts on several ways, which may be dominant under different conditions, first by
protecting the soil from rainsplash impact and crusting, second by intercepting rainfall which
is lost to evaporation and third by building up organic matter in the soil which greatly
enhances the short-term dynamic storage and release of soil moisture. The combined effect of
these processes is to increase the runoff threshold, 4. Vegetation also resists erosion by adding
to surface roughness which reduces overland flow velocity, and binds the soil together with
shallow root mats, particularly in grasses. This second group of processes tend to increase the
erosion threshold, @ and increase the soil erodibility, .
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Fig. 18. Annual overland flow runoff and sediment yields for sites in Mississippi,
with similar annual rainfall of 1 500-2 000 mm

The vegetation cover may be obtained as a potential cover, using a growth model based
on evapotranspiration and water use efficiency, or from remotely sensed images. The former
approach has the advantages of allowing Soil organic matter to be estimated at the same time
as vegetation biomass, and of providing a means of forecasting the impact of climate and/or
land use changes. However, it is recognised that vegetation is strongly influenced by
agricultural activity, both in cropland and by grazing, fire management etc., so that the use of
remotely sensed images may be more valid. A Combination of the two methods may be used
to give some measure of expected global change impacts and sensitivity.

Figure 19 outlines the rationale of the growth model. Vegetation is grown generically
rather than using distinct functional types as in DVGM’s. Gross Primary Productivity (GPP)
is estimated from actual evapotranspiration, which is in turn estimated from potential
evapotranspiration and rainfall. A global water use efficiency is used to convert actual
evapotranspiration to GPP. Respiration is estimated as a function of temperature to give Net
Primary Productivity (NPP), with an increased rate of loss when NPP is negative, to simulate a
deciduous response. Leaf (and root etc.) fall is estimated as a fraction of biomass which
decreases with size, as more of the plant has a structural role and there is a smaller fraction of
leaves and active roots.  Leaf fall is added to the Soil Organic Matter (SOM) which
decomposes at a proportional rate which increases with temperature. The model can be run to
equilibrium using monthly averages, or run for a time-based past climate sequence or future
scenario.

Agricultural Landuse may be simulated by harvesting fractions of the natural leaf fall or
standing biomass, either to a timetable or according to availability. Differences between
computed potential and remotely sensed actual land cover give a direct measure of total human
disturbance.

Alternatively, vegetation may be derived from remotely sensed land cover data, taken
from AVHRR or similar coverage at 1 km resolution. Atmospherically corrected mosaics can
be used to give monthly values of NDVI (Normalised Differential Vegetation Index) and
surface temperature, and these can be interpreted to estimate land cover and/or biomass. In
this method, however, there is no estimate of soil organic matter, which must be estimated
from soil data bases or other sources.
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Fig. 19. Schematic flow diagram for natural vegetation growth model.

When vegetation biomass and cover has been derived from either method, the effective
storage capacity or runoff threshold /4 is estimated as:

h=b.hp+VI+AH (C9)

where b is the proportion bare (unvegetated) surface,
hy, 1s the mineral soil storage,
V' is the plant biomass,
1 is the interception storage per unit biomass,
A is the storage per unit of organic soil
and H is the soil organic matter biomass.
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In this relationship V, b and H are all varying seasonally, and 4, I may also vary dynamically
with the course of crusting over a series of storms, and with rainfall intensity during a storm.

The runoff threshold and proportion of subsequent runoff are simplifications of
cumulative infiltration and runoff curves. Runoff Threshold is estimated from the crown
cover, soil organic matter and soil texture/ structure characteristics. The threshold represents
the effects of surface storage in random roughness and plough furrows, the dynamic evolution
of soil crusting and moisture storage within the upper soil layers. Surface Storage changes
rapidly over the year on cultivated land, as raindrop impact forms a crust on newly ploughed
land, and reduces furrow roughness.

Thus vegetation exerts an extremely strong effect on runoff and erosion. Under natural
conditions, vegetation responds strongly to climate. For a non-seasonal climate there is
therefore a strong peak of erosion for semi-arid conditions, following the pattern observed by
Langbein and Schumm (1958). At low rainfalls, increased precipitation produces an increase
in runoff over very sparse vegetation, but, at higher rainfalls the increase in vegetation reduces
runoff by increasing the runoff threshold very strongly. Only when vegetation density has
reached a maximum (in temperate or tropical forests) can increases in runoff begin to take
place again. However, there is some evidence that, under semi arid climates, the annual
occurrence of high rainfalls on sparsely vegetated surfaces at the end of the dry season can
reduce the strength of this vegetation protection effect. Under annual crops there is generally a
period of high risk when there is little ground cover, particularly if rains immediately after
germination create a crusted surface from which runoff may be very high (b high and 4,, low
in equation C9 above). Mediterranean tree crops, such as olive, almond and vine, are
generally tilled frequently to conserve rainwater and discourage weeds, so that effective
storage is very high, although it may be accompanied by substantial tillage erosion, which is
not considered in this analysis.

2.3 Soil Properties

The most important soil property is the erodibility, the parameter & in equation C2 above. A
second important parameter is the erosion threshold ®, which determines the minimum flow
power for erosion to occur. These two parameters are distinguished from the hydraulic
properties of the soil, which are subsumed within the runoff threshold, 4.

Erodibility is seen as primarily a property of the soil texture, with highest values for fine
sand and silt soils with low clay content, but it also responds significantly to both vegetation
and SOM. Vegetation stems provide roughness elements in the flow, reducing flow velocity
and therefore flow power acting on the soil. Both SOM and clay content (except in sodic
soils) generally increase the size of stable soil aggregates, and hence reduce erodibility.
However, the single most important component of erodibility is to distinguish light and heavy
soils, for which the erodibility differs by at least 100x.

The erosion threshold, ® depends partly on soil texture, but is low even for very stony
soils. It is much more important to recognise the importance of a strong root mat, particularly
of grasses, which is able to provide an estimated threshold of 1-20 m? hr”', in comparison with
a grain threshold of 0.1 m” hr'' for 10 mm stones. From the form of the final term in equation
(C8) above, it is clear that a high erosion threshold greatly increases the differences in erosion
rate between low and high relief areas.
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2.4 Topography

Erosion studies suffer from a shortage of long records including extreme events, and from an
imbalance in experimental data, with many more measurements for cultivated than for
uncultivated conditions. To partially remedy this, data have been used from three other
sources (figure 20); first from the form of hillslope profiles, which are formed in the long term
from the action of erosional processes, second from the topography of stream heads, which
also respond to the interplay of these forces. And third by comparison with the results of more
detailed models, such as the MEDRUSH model developed within the MEDALUS project.

Much erosion plot data is concentrated on a set of standard conditions, particularly of
plot length. Furthermore the analysis of many of these data takes no account of sediment
routing, including possible deposition, within the plot. In consequence, few data can be used
directly to discriminate between topographic alternative expressions, although equations of
form (C1) have generally been fitted to existing data sets.

Hillslope profiles may be back analysed, if some assumptions are made about
equilibrium with rates of downcutting and uplift, of if the form is assumed to be declining in a
Davisian sense towards a base level. The results of these analyses support the general power
law forms of equations (C1) and (C2), but do not discriminate well between them.

Stream head locations may be studied either for permanent stream head locations
(Dietrich and Dunne, 1993) or for ephemeral gullies appearing immediately after storms
(Poesen et al, 1997). The methods described in Kirkby (1994) may be used to compare these
forms with those observed. It is argued (Kirkby & Bull, in press) that equation (C2), with a
correction for an upper limit of sliding stability under wet conditions, gives the best fit to all
observed data, and this appears to be the best means of discriminating among power law
functions similar to equation (C1).

Finally detailed erosion models have also been used, and give a good measure of
agreement, but of course the comparisons rely strongly on the formulation of the sediment
transport functions, so that there is a strong danger of circularity in the derivation.

At present it seems as though stream head locations provide the best means of defining a
topographic function. They have the added advantage that they span a range of time scales,
from the impact of individual storms to the integrated landscape impact of a historical
sequence or distribution of major events.

3. The Integrated Soil Erosion Indicator

Combining the terms described above, an estimate is obtained for the average rate of soil
erosion, averaged over an area. The expression is grouped into three sets of terms, which are
termed the soil factor, the bio-climatic factor and the topographic factor.

C
Y=k H’ exp(——j/L Z [ZproRexp(—h/rO) .
rOH months

=k ¥ Q
where £ is the Soil Erodibility (C10)
Y is the topographic erosion indicator

and Q is the bio - climatic erosion indicator

and where these are broken down into:
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Y = Sediment loss (mean per unit area)
k is soil erodibility

R = total monthly rainfall

Io 1S mean rain per rain-day

h = runoff threshold from equation (C9) above.

p is proportion of runoff above the runoff threshold

O is the flow power erosion threshold
H is mean slope relief
L is mean slope length.
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Back analysis of slope
profile form
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where ¢ is runoff discharge
g 1s gradient
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and j 1s runoff per unit area

v

Mass continuity equation for
sediment loss

Fig. 20. Sources of data for relationship between topography and erosion

The influence of the bio-climatic factor may be seen very approximately for a non-
seasonal climate by assuming an equilibrium soil organic matter and vegetation, for which the
storage capacity is approximately proportional to actual evapotranspiration. For a semi-arid
climate this is in turn almost equal to rainfall.

If the mean rain per rain-day (rp) remains

constant, the bioclimatic index then takes the approximate form:

~ R exp(-R/Ry)

for a suitable value of the constant Ry.
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This expression rises linearly for small rainfall, and levels to a maximum at Ry before falling
again, demonstrating in a simple form the Langbein and Schumm vegetation effect. This
approximation breaks down severely at large rainfalls, when the storage, / takes a more or less
constant value related to the potential evapotranspiration, Ep, so that the expression behaves
as:

~ R exp(-Ep/Ry). (C11b)

As temperature is changed, the potential evapotranspiration rises and Ry rises even more. The
resulting curves are sketched in figure 21. It is clear from the forecast curves (for non-
seasonal climate regimes) that higher temperature tends not only to increase erosion rates
everywhere, but also to shift the peak erosion towards higher rainfall areas.

The topographic indicator shows a very strong dependence on hillslope relief;
proportional to H° if the slope length (or drainage density) is assumed constant and
proportional to H if slope gradient is assumed constant (=H/L). Figure 22 shows the way in
which a high erosion threshold substantially accentuates the influence of elevation, essentially
depressing the erosion of low-relief areas under high threshold conditions, such as a strong turf
root mat.

It is important to correctly allocate topographic and soil classes, since there is a strong
correlation between high relief areas and strong rocks/soils. After a period of adjustment
through erosion, erodible areas are reduced to lowlands while less erodible areas form
highlands. High erosion is partly associated with the anomalies from such equilibrium
landscape which are associated with recent tectonics or sea level change. More generally, the
erosion of an uplifted highland area produces marginal piedmont areas where dis-equilibrium
conditions of high erosion rates tend to persist longest in the landscape.
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Fig. 21. Simplified dependence of bio-climatic erosion indicator on rainfall and
temperature for a non-seasonal climate, following equation (C11).

4. Implementation
Fig. 23 outlines the possible data sources to compute the regional erosion estimate. Monthly

averaged climate data is available from the KLIMAT data set (Kramer and Leemans, 199x)
and monthly historic data has been interpolated for Europe in the MARS data set (EMAP,
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JRC, Ispra) for a 20 year period of daily data. This provides adequate data both to run the
vegetation model and to estimate the frequency distribution of rainstorms. The model runs
best if there are either daily data, or some additional data on the rainfall distribution. If only
monthly totals are available, then mean rain per rain-day is estimated as 1.3 x (mean rain per
day). If Number of rain-days is available, then its coefficient of variation is taken as the
averaged value of 1.27, but fuller information gives better results. In all cases tested, it has
been satisfactory to assume that the mix of exponential distributions is based on two intensities
which are in the ratio 5:1, but if data sets are adequate, it may also be possible to fit this ratio.
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Fig. 22. The topographic erosion indicator showing the influence of the flow power
erosion threshold, ©.

These data are available for /2° x %° latitude x longitude grids (approximately 50 km), and this
scale sets some limitations on the resolution of the final product. For some areas better data
are available, and it may be possible to apply an intelligent interpolation procedure in
combination with the DEM to offset temperature and rainfall with elevation and with respect
to prevailing weather circulation types. Where vegetation is generated from the climate, it has
the same limitations of resolution, but, if AVHRR data is used, the land cover is improved to 1
km resolution.

Topographic data is most readily taken from existing DEM’s. At present the most
widely available DEM for the whole of Europe (and the world) is at a 1 km resolution, but
improved resolutions are likely to become available in the near future. After some
experimentation, the proposed measure of local relief is the standard deviation of elevations
within a fixed radius of each point. For a resolution of 1 km, the least acceptable radius is 1.5
km, giving a sample of 9 points for each calculation. Figure 24 shows the results of using a
circle of 1km radius to the original (50 m) and progressively degraded resolutions for a part of
the Guadalentin catchment. The left hand diagram shows the topography at 50 m resolution.
The centre diagram shows the relief calculated for a circle of 1 km radius based on 100 m
resolution (approximately 300 points in each calculation), and the third diagram compares this
estimate of relief from that obtained for the same 1 km radius from the DEM of 400 m
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resolution (13 points in each calculation). It may be seen that the estimate is independent of
the resolution, and degrades only slightly. Clearly there is a smallest circle which can be used
for any resolution. Tests also show that the size of the circle has much more effect on the
result than changes in the DEM resolution used, keeping circle size constant. This method can
therefore be used with the best resolution DEM available for each area studied.
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Fig. 23. Data sets available for estimating regional erosion risk

The resolution of the final product is partially limited by the resolution of the available
climate data, but the impact of vegetation, soil and topography can generally add significant
detail which largely justifies production at a 1 km resolution.

Complete tests of the model are not yet available. Fig. 25a shows the bio-climatic
indicator estimated for uncultivated vegetation in the Mediterranean, showing greatest erosion
potential in Greece, Portugal and Italy. Fig. 25b shows the changes expected for a uniform
2°C temperature rise, indicating increased erosional risk in most of southern Europe, but with
a smaller impact or a negative impact in the drier areas of north Africa, following the inference
drawn from Fig. 21. The relationship with climate is also explored for a transect of points
between 30° and 35°N in North America, which corresponds approximately to the area from
which Langbein and Schumm’s original data was drawn.
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Although there is a great deal of scatter in the forecasts, as there was in the original data, Fig.
26 shows that the bio-climatic index is able to reflect the interaction between rainfall,
vegetation and sediment yield in a realistic way.
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Fig. 24. 1 km Relief measured from a 400 m DEM is compared here with the topography
from the 50 m DEM, and Relief measured from 100m and 400m resolutions is compared.

5. Salinisation Indices

The volume and quality of water is a critical resource issue in semi-arid countries. The excess
of irrigation demand over natural recharge is increasing through population growth, demand
for horticultural crops and climate change. Soil salinisation occurs where harmful salts,
notably sodium salts, are concentrated by evapotranspiration, and accumulate to levels which
limit crop growth and create undesirable soil properties which hinder infiltration and increase
dispersion of clay minerals.

Exploitation for agriculture, notably through irrigation and groundwater pumping,
exacerbate this problem. Within southern Europe, salinisation has been identified as a
significant component of some Environmentally Sensitive Areas, particularly in Spain, Italy
and Hungary.

The simple one-dimensional hydrological model which has been used for Soil Erosion
Risk is also being developed currently to provide regional indicators of salinisation potential
within a GIS, currently with a grid resolutions of 50 km set by the climatic data base. This
provides a comparable methodology to that being used for erosion, in order to compare areas
where salinisation is already a significant process of land degradation, and to estimate the
sensitivity of areas to further development.

The model currently estimates salinisation potential as a function of climate,
topography, water balance, depth to water table and initial salinities of rainfall, irrigation water
and soil. Salinisation risk may be assessed in this way from remotely sensed land cover, with
interpolated climatic and DEM data, and linked to thematic soil maps. The data required are
available globally, and the methodology is being applied not only to Southern Europe but also
to areas in Africa, the Middle East and Central Asia.
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In constructing the model, it is assumed that water containing ions from rainfall, irrigation and
groundwater comes into equilibrium with the solid chemical constituents of the soil, ignoring
interactions amongst them. The soil solution is then concentrated by evapotranspiration.
Where the resulting strength exceeds saturation solubility, there is re-deposition within the
soil, creating salinity problems where this occurs for harmful constituents. The flow diagram
in figure 27 shows how concentration for each ion is calculated. ‘Proportions’ in water are
fractions of saturated concentration for the ion.
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Fig. 25 (a): Forecast climatic erosion potential for the Mediterranean,
(b) Forecast climatic erosion potential with temperatures raised by 2°C
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The rate of groundwater rise may be related to the ratio of water table depth, 4, to height of capillary rise
hy, and to the unsatisfied water demand, (Ep-R-I) where Ep is the potential evapotranspiration (E-T). Actual E-T
is estimated from rainfall and potential E-T. The model shows how the risk of severe salinisation increases with
the proportion of Sodium in the soil, and decreases with the ratio of Rainfall to Potential E-T and with water table
depth. As expected, potential problems are greatest for high Sodium soils and where water tables are within 2 m
of the surface.
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Fig. 26. Smoothed forecast relationship between annual rainfall and sediment yield for southern USA.

A Variant of the model is being used to simulate the equilibrium or time-dependent profile of
salinity with depth in the soil, allowing direct links to be made with field observations and the
regional model.
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6. Conclusions

This work outlines a scientifically consistent and objective approach to Regional Indicators for
Desertification. Regional Indicators provide a planning framework which allows international
and national agencies to assess the overall extent of erosion or other risk factors, and to
allocate resources for more detailed investigation.

The nature of Regional Indicators is that they provide only a general overview. Coarse
scale indicators should be used to define areas where more detailed studies are needed. They
are therefore seen as the outermost shell for an explicitly nested approach to determining and
mitigating risks. As the scale changes, the dominant controlling factors also change, from
climatic and macro-economic at continental scales, to considerations of local topography,
aspect and individual farming practice at the scale of a community at which remediation
strategies must be applied.

The scientific rationales at these widely different scales should remain compatible. In
this way parameters of regional indicator model may be derived from and related to more
detailed catchment or plot models, in accordance with the nested approach advocated in this
work.
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D. APPLICATION OF THE PROPOSED METHODOLOGY FOR DEFINING ESAs
1. The island of Lesvos (Greece)

C. Kosmas, St. Gerontidis, V. Detsis, Th. Zafiriou, and M. Marathianou
Agricultural University of Athens, laboratory of Soils and Agricultural Chemistry

1.1  Application of the derived methodology

The various types of environmentally sensitive areas to desertification occurring in the island
of Lesvos were defined after conducting a detailed survey of all the required land parameters
and management characteristics mentioned in the proposed methodology. The following
maps have been compiled at the scale of 1:50,000:

Soil texture

Parent material

Drainage conditions

Surface rock fragment cover

Slope gradient

Soil depth

Degree of soil erosion

Rainfall distribution

Slope aspect

Aridity

Vegetation fire risk

Soil erosion protection by vegetation

Vegetation drought resistance

Plant cover

Intensity of land use

Policy on land protection

Based on the above methodology maps have been produced for the island of Lesvos
representing the four qualities used for the definition of the ESAs. As Fig. 28 shows, the
majority of the island of Lesvos has moderate quality soils (61.5% of the area) with respect to
desertification risk followed by low quality soils (30.7%). Soils of high quality are greatly
restricted (7.8%). The high percentage of moderate and low quality of soils is mainly
attributed to the steep slopes, and to the shallow depths favoring high rates of overland flow
and erosion and restricting soil water storage capacity.

The physiographic configuration of ragged terrain of high elevation differences with
steep slopes and landscapes dissected by channels and rivers favours high erosion rates and
occurrence of landslides in some cases. Extensive parts of the island are covered with rock
fragments favouring water conservation, restricting soil erosion and protecting the areas from
desertification. In the majority of the land (63% of the area) the proportion of the soil surface
covered by rock fragments is high, ranging from 20-60%. The greatest part of the soils are
moderately deep (soil depth 30-75 cm) covering 67.2% of the area. Relatively extensive areas
are highly degraded with soils having depth less than 30 cm (15.3% of the area) pointing to a
higher sensitivity to desertification. Lowland alluvial plains are limited. The presence of
relatively shallow ground water table in plains favors salinization and therefore
desertification.
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Fig. 28. Soil quality map of the island of Lesvos related to desertification risk.

As Fig. 29 shows, the majority of the island is characterized by moderate climate
quality (88% of the area). This is mainly attributed to the relatively low amount of
precipitation occurring in the area and the high bioclimatic aridity index. The island of Lesvos
is characterised by a dry sub-humid climate in the eastern and central part with 670 mm of
annual precipitation. However, there is a strong gradient of rainfall from east to west along
which the amount of rain decreases by more than 45%. The lower amount of rainfall,
occurring in the western part of the island, combined with the drier conditions prevailing
particularly in the south-facing slopes creates high water deficit for the growing plants for a
long period. The greatest part of the island (74%) is characterised as very dry with an aridity
index greater than 150. Taking into consideration the general aridity index of the climate, a
high moisture deficit occurs in the island of Lesvos reducing vegetation cover and increasing
the possibility of fire occurrence especially in the areas covered by pines or macchia
vegetation.

The majority of the various types of vegetation existing in the island is characterized
as high (40.7%) and moderate quality (37.7%) (Fig. 29). This is mainly attributed to the
presence of vegetation of high resistance to drought with high percentage cover. The greatest
part of Lesvos (81%) is relatively well vegetated with perennial vegetation protecting
sufficiently the soils from raindrop impact. Considering that vegetation cover presents
possibly the most crucial element of soil erosion control in slopping areas, the natural forests
or the well managed olive groves which cover the majority of the island (62%) offer high to
moderate erosion protection to the soils. Areas with soils exposed to high erosion risk due to
low vegetation cover represent about 22% of the island area.
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Fig. 29. Climate quality map of the island of Lesvos related to desertification risk.

The high aridity index of the climate resulted in the development of vegetation of high
resistance to drought. This is due to the more extensive pine (Pinus halepensis) forests, olive
plantations and macchia vegetation. Of course the presence of high proportion of vegetation
with high fire risk increases the erosion potential of soils in hilly areas. The extensive pine
forests (high fire risk) combined with prolonged dry climatic conditions increase the
possibility of transmitting a fire in nearby areas with vegetation cover of low fire risk.

Fig. 31 shows that the management quality of the land is low especially in grazing
areas. The intensity of grazing has increased dramatically in the last decades due to (a) rapid
decline of wheat production and (b) significant increase of subsidies for grazing animals.
Shepherds damaged the natural vegetation by deliberately setting fires to eradicate the
vegetation and encourage the growth of grass, which was then overgrazed. An obvious
consequence of overgrazing is the increase in soil erosion. Areas under pine or oak forests are
well managed and environmentally protected and they are classified as having high
management quality.

Areas with moderate quality of management correspond mainly to terraced olive
groves. The rapid increase of labour cost while the price of olive oil remained constant or
declined in the last decade has resulted in only partially repairing the collapsed terraces in
hilly areas. These terraces have been constructed with stones some hundreds or even
thousands of years ago. The soil was removed from other places to fill these terraces. This
conservation management requires high labour cost for the maintainance of the terraces. In the
last decades, the value of such terraces has decline markedly because they are difficult to
access and because they cannot easily be cultivated with tractors.
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Fig. 31. Management quality map of the island of Lesvos related to desertification.
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Fig. 32. Map of environmentally sensitive areas to desertification for the island of
Lesvos.

The map of ESAs to desertification indicates that the majority of the island is
classified as critical or fragile to desertification (Fig. 32). A 37% of the island is classified as
critical, 52.4% as fragile, 7% as potential and only 3.6% of the area is not threatened by
desertification.

The critical areas (S1, S2, and S3 in the map), located mainly in the western part of the
island, have badly degraded very shallow (depth 0-15 cm) to shallow (15-30 cm) soils
severely to very severely eroded, and poorly vegetated. Burning and overgrazing of this
climatically and

topographically marginal areas constitutes a degradation-promoting land use, further
deteriorating the existing land resources. This area is very sensitive to low rainfall and
extreme events.

The fragile areas (F1, F2 and F3) are very sensitive to degradation under any change
to the delicate balance of climate, and land use. Any change is likely to enhance reduction in
biological potential with the result that this area will loose the remaining vegetative cover
and be subjected to greater erosion rates. This area is threatened by higher rates of degradation
under (a) slight climate change and (b) if the existing type of land use such as the well
adapted olives are replaced or the pine forests are burned. Due to the relative good vegetative
cover, the soils of this zone are moderately shallow (depth 30-50 cm) to moderately deep (50-
100 cm), well vegetated with olive trees, pine or oak forests, slightly to moderately eroded.

The potential environmentally sensitive areas are mainly restricted to relatively deep
soils of nearly flat to gently sloping under good vegetation cover and management practice.
These areas are sensitive to degradation under significant changes of the climate and of
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human activity. Non threatened areas by desertification are confined to parts of the island with
very deep soils, nearly flat with very deep ground water table.

1.2 Description of ESAs to desertification

Based on the data obtained from the applied methodology for defining ESAs to
desertification in the island of Lesvos, the various types and subtypes of ESAs can be
described as following in terms of land characteristics and management quality.

Critical ESAs

Subtype C3: Areas with very steep (dominant slope >35%), mainly coarse-textured, stony,
shallow, well drained soils formed mainly on pyroclastics parent materials. The climate is
mainly characterised as semi-arid, in few cases as dry-sub-humid, with rainfall ranging
mainly from 300-650 mm, and dry bioclimatic index (Bagnouls-Gaussen aridity index-BAI
ranging from 120-150). Areas of this subtype are usually found in south-facing slopes. The
existing dominant vegetation is mainly phrygana or maquis characterised by high fire risk,
moderate erosion protection, very high drought resistance, and plant cover usually ranging
from 25-50%. These areas are mainly under moderate land use intensity (due to low income,
highly degraded areas) and incomplete enforcement of the existing policy on environmental
protection.

Subtype C2: Areas with very steep (dominant slope >35%), usually coarse-textured, stony,
shallow, well drained soils formed mainly on marble and ignibrite parent materials. The
climate is mainly characterised as semiarid, in some cases as dry sub-humid, with rainfall
ranging mainly from 300-650 mm, and dry bioclimatic index-BAI (ranging from 120-150).
Areas of this subtype are mainly found in south-facing slopes. The dominant vegetation is
mainly phrygana or grasses characterised by high fire risk, moderate erosion protection, very
high or high resistance to drought, and plant cover usually greater than 75% or in some cases
25-75%. These areas are mainly under moderate land use intensity and incomplete
enforcement of the policy for environmental protection.

Subtype C1: Areas with mainly very steep, (dominant slope >35%), moderately fine-textured,
stony, shallow to moderately deep, mainly well drained soils formed on marble, limestone,
and ingnibrite parent materials. The climate is characterised mainly as dry sub-humid, in
some cases as semiarid, with rainfall mainly >650 mm, and mainly very dry bioclimatic
index (BAI >150). Areas of this subtype are mostly found in south-facing slopes. The
dominant vegetation is olives, phrygana, cereals characterised mainly by low fire risk,
moderate erosion protection, high resistance to drought, and plant cover usually greater than
75%. These areas are mainly under moderate land use intensity and partial enforcement of the
policy on environmental protection.

Fragile ESAs

Subtype F3: Areas with very steep to steep, moderately fine-textured, stony to slightly stony,
moderately deep to deep, well drained soils formed mainly on marble, schist, ultrabasic
parent materials. The climate is mainly characterised as dry sub-humid, in some cases as
semi-arid, with rainfall mainly >650 mm, and mainly very dry bioclimatic index (BAI >150).
Areas of these subtype are found in north-facing slopes (mainly) or south-facing slopes. The
dominant vegetation is olives following by pines, oaks and phrygana characterised mainly by
low fire risk followed by moderate and very high fire risk, moderate erosion protection, high
resistance to drought, and plant cover usually greater than 75%. These areas are mainly under
moderate land use intensity and partial enforcement of the policy on environmental
protection.
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Subtype F2: Areas with mainly steep to gentle sloping, moderately fine-textured, stony,
moderately deep to deep, well drained soils formed mainly on marble, schist, shale, ignibrite
and ultrabasic parent materials. The climate is mainly characterised as dry sub-humid with
rainfall greater than 650 mm, and very dry bioclimatic index (BAI >150). These areas are
mainly found in north-facing slopes, in some cases in south-facing slopes. The dominant
vegetation is olives and pines and in some cases oaks or phrygana, characterised mainly by
low fire risk or in some cases by high fire risk, moderate to high erosion protection, high
resistance to drought, and plant cover usually greater than 75%. These areas are under
moderate land use intensity and complete enforcement of the policy for environmental
protection.

Subtype F1: Areas with steep to gently sloping, moderately fine-textured, mainly stony or
free of rock fragments, deep to moderately deep, well to imperfectly drained soils formed
mainly on shale, schist and ultrabasic or in some cases on limestone, ignibrite and marble
parent materials. The climate in most areas is characterised as dry sub-humid with rainfall
>650 mm, and very dry bioclimatic index (BAI >150). These areas are mainly found in north
facing-slopes or in some cases in south-facing slopes. The dominant vegetation is pines and in
some cases olives and evergreen oaks characterised mainly by very high (pines) or in some
cases by low fire risk (olives), usually moderate to low erosion protection, high resistance to
drought, and plant cover usually greater than 75%. These areas are mainly under moderate
land use intensity and complete enforcement of the policy for environmental protection.

Potential ESAs

Areas with nearly flat to gently sloping (slope <12%), moderately fine-textured, free of rock
fragments to stony, very deep, mainly well drained or in some cases imperfectly to poorly
drained soils formed mainly on shale, schist, ultrabasic, and unconsolidated deposits. The
climate is mainly characterised as dry sub-humid with rainfall greater than 650 mm, and very
dry bioclimatic index (BAI >150). These areas are usually found in north facing-slopes or
they are flat. The dominant vegetation is mainly olives and pines and in some cases evergreen
oaks or annuals, with usually low fire risk (olives) or high fire risk (pines), high to moderate
erosion protection, mainly high resistance to drought, and plant cover usually greater than
90%. These areas are mainly under moderate land use intensity and complete enforcement of
the policy on environmental protection.

Non threatened areas

Areas with nearly flat, moderately fine-textured, mainly free of rock fragments, very deep,
usually well drained or in some cases imperfectly drained soils formed mainly on shales,
ultrabasic rocks, unconsolidated deposits and alluvial deposits. The climate is mainly
characterised as dry sub-humid with rainfall >650 mm, and very dry bioclimatic index (BAI
>150). These areas are mainly found on north facing-slopes or they are flat. The dominant
vegetation is olives or pines characterised mainly with low fire risk (olives) or in some cases
with high fire risk (pines), moderate erosion protection, high resistance to drought, and plant
cover usually greater than 90%. These areas are mainly under moderate land use intensity and
complete enforcement of the policy on environmental protection.

1.3 ESAs and soil erosion

As Table 10 shows, the various types of ESAs to desertification are clearly related to the
degree of soil erosion. The maps of ESAs and the degree of erosion were independently
compiled. The ESAs map was derived by using the methodology for defining and mapping

ESAs developed in this project, while the erosion map was compiled during the field survey
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of land parameters in the island of Lesvos. The defined as critical and fragile ESAs are clearly
related to the degree of erosion. Critical-C3 areas are mainly characterized with very severely
eroded soils (56.7% of this area), followed by severely eroded soils (30.9%). The areas
belonging to critical-C2 ESAs are better protected from erosion with degree of erosion
ranging mainly from moderate (37.2%) to severe (41.2%).

As figure 33 shows, the sensitivity of the various sub-types of ESAs to erosion
decreases in the following order:

Critical-C3>critical-C2>critical-C1>fragile-F3>fragile-F2>fragile-F1>potenial>no-treatened

Therefore, the actions reguired for mitigation of desertification in environmentally
sensitive areas to desertification are mainly related to protection of soils from erosion.
Potential ESAs to desertification may require either protection from erosion or from
salinization due to the presence of shallow ground water table.

Fig. 33. Change in area of the various degrees of soil erosion corresponding in the
various types of environmentally sensitive areas of Lesvos
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Table 10. Degree of erosion (area %) measured in the various types of ESAs on the
island of Lesvos
ESAs No erosior Slight erosior Moderate Severe Very severe TOTAL
(NE) (WE) erosion (ME) erosion (SE erosion(VSE)
Critical-C3 0 2.8 9.5 30.9 56.8 | 100.0
Critical-C2 9.1 8.6 37.2 41.3 3.8 100.0
Critical-C1 7.2 10.9 65.9 15.9 0.1 100.0
Fragile-F3 5.4 16.4 63.4 14.8 0 100.0
Fragile-F2 1.6 25.2 60.9 12.3 0 100.0
Fragile-F1 5.6 323 54.4 7.7 0 100.0
Potential ~ 33.9 24.6 41.5 0 0 100.0
Non affecte{ 59.6 31.6 8.8 0 0 100.0
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2. The Agri basin (Italy) ()

F. Basso, A. Bellotti, S. Faretta, A. Ferrara, G. Mancino, M. Pisante, G. Quaranta
Universita degli Studi della Basilicata, Dipartimento di Produzione Vegetale

2.1  Application of the derived methodology

Based on the above methodology, four quality maps were produced for the Agri basin, as
well as the final evaluation of the Environmental Sensitivity at basin level. All maps
produced by the system have the final scale of 1:50 000; all values in the data base are
continuous and the maps that follow are reduced in classes and colours for publishing
reasons.

Fig. 34 shows the resulting soil quality layer; as we can see, the majority of the basin
(65% of the area) has a low quality of soils (values > 9.6) even if a certain part of these soils
have scores very close to the threshold value. A lower part of the basin has moderate quality
(33%) and only a very little part can be assigned to the better quality (2%). This is resulting
by the presence of large parts of areas with slopes greater than 18% (that cover about 62%
of the area in Agri basin), an high presence of soils, having depth less than 30 cm (30% of
the area) and an important presence of clays soils highly degraded, all factors that favour
high erosion rates and occurrence of landslides in some cases. Better soils are mainly
situated in the flat areas of the upper valley and along the main rivers.
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Fig. 34. Soil quality map of the Agri basin related to desertification risk.

! Research conducted with the aid of European Union funds “MEDALUS III Project. Basso and Pisante had
mainly developed the agronomic aspects, Quaranta those socio-economic, Bellotti, Faretta, Ferrara, Mancino
and Taberner the other aspects as well as the development and the application of the model.

74



Fig. 35 shows that a very great part of the basin is characterised by high (47%) and
moderate climate quality (52%). Only a very little part (1%), near the Ionian sea, falls into
low quality class. This can be mainly attributed to high rates of rain that occur in large parts
of the basin. Rainfall is in fact about 2000 mm per year on Monte Sirino (west part of the
basin) and 500 mm per year along the Ionian coast showing a consistent increase with
increasing elevation. In addition, the average annual temperate is strictly related to elevation,
ranging from 8 °C on the mountains to 16 °C in the middle and lower valley. Taking into
consideration the Bagnouls-Gaussen aridity index, 48% of the Agri basin is characterised as
moist with an aridity index less than 50. The rest of the basin is characterised as dry with an
aridity index ranging from 50 to 125, and only 2% of the area has a very dry climate (aridity
index 125-150). As for slope aspect, south-facing slopes are widely diffused creating
favourable climatic conditions for land degradation and desertification. In the whole, the
Agri Valley can be characterised as having a cool temperate mediterranean climate with a
strong gradient from the coastline to the mountainsof the interior.
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Fig. 35. Climate quality map of the Agri basin related to desertification risk.

Vegetation cover and vegetation physical structure are important factors concerning erosion.
As Fig. 36 shows, a large part of the basin has a low quality vegetation (45%), another
important part has a good quality (30%) and a minor part has moderate quality (25%). This is
resulting by the fact that a significant part of the Agri basin has vegetation with very low
ability in protecting the soil from erosion. This part corresponds mainly to areas cultivated
with cereals or with a very low vegetation cover, in which we have more favourable
conditions for overland flow and erosion and also an high sensitivity to drought. Fire risk
seems to be a critical factor mainly in the lower part of the Agri basin, in areas prevailing
covered by mediterranean macchia and pine forests. Considering also that vegetation cover is
a crucial element in soil erosion control on slopping areas, a considerable part of the Agri
basin (42%) has a vegetation cover less than 40% and it is subjected to very high erosion
risk. Areas with vegetation cover less than 10% represent an important part 18% and are
highly threatened for desertification, creating also serious flooding problems in the
surrounding areas.

75



48

47

46

445

I Low quality
1 Moderate quality
I High quality

Coordinates: UTM
| e |

0 10 km

56

57 58 59 60 61 62 63 64

Fig. 36. Vegetation quality map of the Agri basin related to desertification risk.

Figure 37 shows the management quality of the basin. It must be noted that the basin,

in the whole, is divided in two separate parts, one mainly corresponding to the upper valley
and covering about the 48% of the surface, in which we have a moderate quality of the
management indicators. The second part, that covers the remaining areas of the basin, and
that presents a low quality of the management. This situation is mainly derived by the scarce
enforcement of the management and the policies in relation to the environmental protection.
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Fig. 37. Management quality map of the Agri basin related to desertification risk.

The map of Environmentally Sensitive Areas to desertification for the Agri basin is

presented in Fig. 38. It clearly shows that a large part of the basin falls into the critical and
fragile classes with a certain presence of potential or not threatened ones. 45 % of the basin
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is classified as Critical (with a mayor presence of C2 class), 34 % as Fragile (with large
parts of the basin falling into F3) and only 4 % as Potential or Not Threatened.

The Critical areas (C1, C2 and C3) are mainly located in the middle and lower part of
the basin and are mainly represented by Calanchi areas, and other areas in which the
presence of clays, very low vegetation cover, high slopes, forest fires, overgrazing and low
management quality produce a very high risk of soil degradation and a very high sensitivity
to desertification.

The Fragile areas (F1, F2 and F3) are more widespread along the basin and are
represented by zones in which management factors, quality of soils and climate are, in the
whole, not very critical but in which little decrease of the quality of one of these factors can
produce very critical situations.

The Potential and Not Threatened areas are mainly localised in the upper part of the
valley and in any other parts where favourable climate and soil conditions (flat and deep
soils with high annual rainfalls), good vegetation cover and efficient management are found.
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Critical 2
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Fig. 38. Map of Environmentally Sensitive Areas to desertification for the Agri basin
3.2. An example of application of the ESAs estimate for land use management

Using the defined ESAs, a sensitivity analysis was conducted at municipality level. The
following is an example of an analysis performed in the Agri basin on the different degrees
of Environmental Sensitivity at Municipality level. The frequency of the different classes of
all the used layers was considered for each municipality. A cluster analysis was applied on
the obtained matrix of data, utilising the complete linkage and Euclidean distance methods.
Figure 39 illustrates the resulting dendrogram.
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Fig. 39. Cluster analysis (Municipalities of the Agri Basin); complete linkage method;

Euclidean distance.

By the analysis of the data reported in Fig. 39, it is possible to distinguish five
sensitivity groups, or typologies, that correspond to five zones along the basin and represent
five well defined environmental and socio-economic realities. Starting from these five
groups it is possible to characterise the content of the different sensitivity grades through the
analysis of the contribution that each layer gives (or groups of layers) to the definition of the
sensitivity level. In this case the “quality level” has been chosen as an example to illustrate

the kind of approach more simply.
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Fig. 40. Location, along the basin, of the groups of Municipalities obtained by cluster analysis.
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Fig. 41 illustrates the graphs relative to the percentage of different Environmental Sensitivity grades of
the four qualities and the municipality groups obtained by the cluster analysis. As we can see, it is possible to
derive more and detailed information that can be used for management purposes by different levels of decision-
makers. If we examine the graph on Fig. 41 we can see how the municipality groups 1, 2 and 3 have quite the
same climate (all three are located in the Upper Val d’Agri). Group 1 differs for its criticality of socio-
economic factors and a worse overall quality of soil factors, which need to be closely considered in this ambit;
instead group 2, has better vegetation qualities associated to very critical socio-economic factors. Groups 4 ¢ 5
differ, even though are similar from a geographical point of view: group 5 is characterised by a better level of
socio-economic factors and by the worst climatic ones found in the basin, instead group 4 has worse vegetation
conditions. In this ambit, supposing that sensitivity critical factor of an area is the 'vegetation' it is possible, in a
very simple way, to define the characteristic, the priorities and the amount of interventions to mitigate the
ongoing phenomena.

Climate Vegetation Management

Fig. 41. Sensitivity profiles of the municipality groups in the Agri basin. The profiles
are expressed in ES level frequency percentages in function to the single qualities. (X-

axis from 1.1 - 1.8; Y-axis from 0 to 75 %).

These examples illustrate the applicability of this flexible method, diversified and efficient that gives broader
investigation possibilities and the capacity to precisely evaluate the situations in progress as well as defining the
more opportune strategies to reduce the overall environmental sensitivity of a given area. The use of cross
analysis techniques in the proposed system, applied to pre-existing information, with other ad hoc collected
data, can also be used to easily and efficiently point out specific degradation or environmental sensitivity
phenomena. Furthermore, this approach not only allows the identification of different degrees of environmental
sensitivity, at the same time allows the analysis of the factors that cause the evolution in progress.
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3. The Alentejo region (Metrola municipality, Portugal)

M. J. Roxo, J. M. Mourao, L. Rodrigues, and P. C. Casimiro

Departamento de Geografia e Planeamento Regional, Faculdade de Ciencias Sociais e
Humanas, Universidade Nova de Lisboa

3.1. General characteristics of the area

Geographical Features
Desertification processes affect a great portion of the Portuguese territory especially the hilly
and agricultural areas located inland. The Alentejo region is the southeastern part of the
country, the main agro-silvo-pastoral region with a Mediterranean climate type and the most
affected by desertification and drought.

Within the Alentejo region, Mértola municipality is a marginal rural area (1295 sq.),
and certainly one of the most severely affected areas in Portugal. The geographical features
of this MEDALUS Target Area can be resumed as follows:

e A vast peneplain formed on very old rocks — red and yellow schist and grauvaques —
dated from Devonic and Carbonic periods. This is the main morphological unit with
altitude ranging between 50 and 200 meters, intensively used in the past to grow cereals
and breed cattle. The morphology can be characterised by a “rolling” topography with
multiple summits with an isoaltitude of about 200 meters and deep valleys with steep
slopes, resulting from quaternary river incision on the ancient plain surface.

Some aligned elevations — quartzite crests (NW-SE) — reaching up to 370m (Alcaria
Ruiva); 310m (Alvares) and 306m (S. Bardo). This are prominent land forms, made of
very hard parent material easily revealed on the surrounding plain landscape, presenting
long shape configuration, and very steep slopes with complex profiles.

An extremely dense hierarchical drainage network, presenting a highly complex dendritic

pattern, where the Guadiana river (N-S) is the main channel, deeply incised on the
peneplain. Its valley is large with a rocky flat bottom. The most important streams are
tributaries of Guadiana and they all have torrential flow regime.

Generally poor, eroded shallow soils, with a great percentage of rock fragments (schist
and quartz), high clay content, low infiltration and water retention capacity, high runoff
percentage, very low organic matter content and depths of only 5 to 10 cm. In some less
degraded soil patches, organic matter and moisture content is higher and soil depth can
be of 50-70 cm on lower areas of sedimentation.

Dry to sub-humid climate type — Attenuated Meso-Mediterranean (Gaussen xerotermic
index), with most of the rainfall concentrated between October and January. Sixty years
average is of about 560 mm, and extreme annual total range from 236mm to 1079mm.
Long droughts (1-3 years) and extremely violent storms (e.g. 130mm/24h) is also a
common feature.

Human Impact — Land Use

The destruction of the vegetation in the Alentejo region, and particularly in Mértola, started
at least three centuries ago, during the XVII Th Century when the first main human
settlements were established. Consequently, as a result of successive incentives and policies
to divide common land and increase cereal production, more and more vegetation and soil
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degradation occurred. Farming activities became more intensive, productive and
technologically advanced during this century, as the “Wheat Campaigns” contributed to
dramatically increase the amount of land devoted to degrading agricultural practices.
Quercus forest was also severely affected during this period either by direct cutting to clear
the land for farming purposes or to be sold as fuel for mining activities and domestic uses.
Both contributed for a drastic decline in the traditional Mediterranean forest of this area.

Present land use in Mértola combines different agro-silvo-pastoral systems where
vegetation cover assumes many different forms. It consists mainly of:

e Wide open shrub land, abandoned and hardly used as pastures for livestock production
(cow, sheep); some sparse Quercus oak forest (Quercus rotundifolia and Quercus suber)
accounting together for 38.5% of the municipality. This open Quercus forest — Montado
— is actually a traditional multiple land use that combines the trees and its nuts, cereal
cropping underneath and cattle breeding too, where the animals feed on stubble and on
cultivated pastures.

e Dense Mediterranean Macchia on elevation tops and deep valleys with rocky slopes
(Mato — well developed trees and shrubs) and an increasing mixed forest land, mainly
exotic pines (Pinus pinea and Eucalyptus globulus, with high density cover, accounting
for 31.3%. On land abandoned for a long time (more than 10 years), semi-natural shrub
vegetation is used as natural pastureland for goats and bees. Recently, due to the
subsidies being given to afforestation under the CAP accompanying measures, there is a
very significant increase in forest land and a great number of new Pinus pinea
plantations on abandoned land, with obvious negative consequences in terms of soil
protection and biodiversity.

e There is still some cereal cropping and frequently ploughed land (27.4%). It can also be
found in combination with cereals a sparse Quercus ilex and Quercus suber oak forest.

3.2. Mapping ESAs in Mértola

The full testing and application of the ESAs methodology resulted on a final map of
Environmentally Sensitive Areas (Fig. 42) in the context of Desertification, that gives a
rather satisfactory and clear picture of the critical land degradation levels in Mértola and also
provides an identification of the less affected and fragile areas that need carefully defined
management strategies in terms of land use and human intervention.

Critical ESAs

Subtype C3 — These are severely degraded areas where there is no soil at all, corresponding
to areas of steep to very steep slopes, predominantly with a southern aspect and entirely
eroded soils; or to vast hilly areas where weathered rock appears on the surface, forming a
coarse scree evolved on fine clay particles. These are also areas that present a great number
of rock outcrops of a very poor parent material. The vegetation cover is here very badly
developed, composed of ephemeral shrubs and annual plants that dry out during the dry
season. Mértola has about 7.2% of its territory under this most critical situation as it concerns
desertification an land resources degradation and present management of these areas is still
very poor, since they are either abandoned, grazed or afforested. This situation is the result
of widespread winter cereal cultivation (mainly wheat), using an intensive rotation for more
that one hundred years, on medium to small properties that were inherited from common
land division schemes early this century. The destruction of natural vegetation cover and the
continuos and intensive use of soil resource has ended in physical and chemical soil
degradation, that is the core of the desertification problem in this MEDALUS target area.
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Fig. 42. Map of Environmentally Sensitive Areas to desertification for the Mertola
municipality (Alentejo region)

Types of ESAs

. Non Affected
. Fotential
. Fragile (F1)

Fragile (F2)

Fragile (F2)

Critical (£1)

. Critical (£2)
. Critical (C3)

[rams/ Rivers

. Willages
Subtype C2 — Critical 2 areas (23.3%) are mainly the actual cereal cropping areas, where

soils are also poor, stony and very shallow, based on red and yellow schist and quartz, with
great percentage of rock fragments and depths of less than 10 cm. They also correspond to
areas of steep slopes (18-35%) though ploughed and intensively used to cultivate wheat,
utilising a huge amount of fertilisers. Since it is agricultural land, the vegetation cover is
rather variable along the year, either composed of a fable cover of green wheat spikes that
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dry out before summer; a very short stubble cover after the harvest, or ploughed bare soil
with no vegetation cover at all by late autumn. Yearly mobilisation of soil on a up and down
slope direction followed by seeding during the wet period of autumn and winter, when
precipitation events are more frequent and intense, maximises soil loss (4-6 ton/ha) and
includes these areas in one of the most poorly managed in Mértola.

Subtype C1 — Within the cereal cropping areas, Critical 1 are the ones that present a lower
degree of degradation due to factors such as aspect, slope or soil depth. Although included in
agricultural land, they correspond to areas with more gentle slopes (6-18%), a Northern
aspect or moderate to shallow soils (15-50cm), and account for 5.6% of the municipality.

Fragile ESAs

Subtype F3 — These are clearly areas of abandoned land. Fragile 3 type represents 31% of
Mértola municipality and corresponds to former agricultural land, intensively used in the
past for cereal cropping and as pastureland, but nowadays abandoned for more than 5 to 10
years. They are not associated with any specific slopes or soil types though some areas show
some correlation with steeper slopes. Also included here are the areas that are still being
used for grazing purposes with a vegetation cover composed of either annual herbacea or
poorly developed spontaneous shrub vegetation. Fallow land that is put aside for several
years is also included here. This type of ESAs present great sensitivity to desertification as
they are highly vulnerable to climate change or to human impact through land use change
and grazing pressure. Great care must be taken in the management of these areas in favour of
conservation of land resources and landscape regeneration.

Subtype F2 — Fragile 2 areas account for 7.1 % of Mértola and can be described as areas of
steep slopes in the proximity of the main river channels that flow to the Guadiana, with
moderate to low quality soils and having a permanent shrub vegetation cover (mainly cistus
and lavandulas), where human intervention has ceased many decades ago and only grazing
by goats occurs today. Although F2 areas are already in a process of regeneration as it
concerns soil and vegetation resources, its sensitivity is still rather high due to soil
degradation levels attained in the past and to climatic constraints. Some recent high density
Pinus plantations, with 2-5 years, on steeper slopes and shallow to very shallow soils are also
included in this type.

Subtype F1 — This type of ESAs is clearly associated with Quercus evergreen forest (Q.
rotundifolia; Q. ilex; Q. suber) on patches of moderate to deep soils (30-80 cm depth), less
stony, of a moderate texture, well drained and with gentle to very gentle slopes. A tree
vegetation cover with medium to high density and often a sub-cover of spontaneous shrubs
offers a moderate to high erosion protection index and a high drought resistance. Proper
management of these areas implies protection rules and conservation measures related to
forestry and other activities, such as hunting. Fragile 1 represents nearly 9% of the
municipality.

Potential ESAs

This is the type of ESAs that correspond to the most untamed and conserved areas as it
concern vegetation cover. Morphologically they are correlated either to areas of very steep
and rocky slopes, of difficult access, along the valleys of the main rivers and channels -
Guadiana, Cobres, Changa, Oeiras and Vascdo, or to elevation tops with the same type of
vegetation cover — mixed Mediterranean Macchia with Quercus trees and a high density
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cover. These are areas of high biodiversity, with great genetic potential for regeneration of a
flora that is well adapted to the physical environment. Some old Pinus and Eucalyptus forest
with shrub vegetation underneath also fall on this category. On the other hand, Potential
ESAs reflect also a different topographic and land use situation: areas of flat valley bottoms,
where soil was “trapped” in specific topographic positions, with soil depth over 75 cm and
fine texture due to sedimentation. Land use here is composed generally of olive trees,
different kinds of orchards (citrus, almond-trees, carob-trees) and several types of
vegetables. This type of ESAs accounts for 14.3% of Mértola and its management must take
into account the extremely high degree of sensitivity to human impact, considering the
ecological balance of the ecosystems.

Non threatened areas
The non threatened areas are great limited in 2.6% of the Mértola municipality.
3.3. Evaluation of the results

By analysing the ESAs map produced for Mértola municipality (Fig. 42), it can be concluded
that although the majority of this territory is classified as fragile (47.1%) there is still a great
part (36.1%) that is in a critical situation as it concerns desertification and land degradation
processes.

These critical areas exist somehow all over the municipality and coincide with areas
of greater agricultural activity or with severely eroded soils. The climatic characteristics of
this region, associated with topographic and land use factors, have favoured desertification
for a long time in the past, with very negative consequences for natural resources such as
soil, water and vegetation and ecosystems present. These critical areas need management
initiatives that can effectively promote a slow regeneration of the landscape as a means to
combat desertification.

Fragile ESAs present a higher degree of conservation of soil and vegetation
resources, since soils are deeper, and of better quality. Vegetation cover is an essential factor
in assessing the degree of sensitivity and in fragile areas there is a great vulnerability to
changes either in climatic conditions or in land use by Man.

The ESAs methodology developed in MEDALUS 111, has proved to be a very useful
one, of extreme importance both at local, national and European level, since it has provided
not only the scientific community, but also national, regional and local governmental and
non-governmental organisations with a kind of tool (GIS map) that reflects not only the
negative situation, meaning the critically affected areas and their high degree of land
degradation, but also the positive situation, which are the less degraded areas, the fragile and
sensitive areas where better management is needed to put the resources and the regeneration
potential forward, in the light of a Global Change scenario.
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