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Appendix A. Publications on southern and eastern Mediterranean agroforestry practicg®

List of Acronyms
AGFORWARD projec Agroforestry that will Advance Rural Development project

CCCMA Canadian Centre for Climate Modelling and Analysis
GCM General Circulation Model

HCCPR Hadley Centre for Climaterediction and Research
ICRAF World Agroforestry Centre

IPCC Intergovernmental Panel on Climate Change

LEK Local Ecological Knowledge

MENA region Middle East and North African region

NMC Northern Mediterranean Countries

PMV Plan Maroc Vert

SEMC Southern and Eastern Mediterranean Countries

WaNuLCAS model  Water, Nutrient and Light Capture in Agroforestry Systems model
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1. Context

Agroforestry is the practice of deliberately integrating woody vegetation (trees or shrubs) with

crop and/or animal systems to benefit from the resulting ecological and economic interactions.

The AGFORWAR@GroFORestry that Will Advance Rural Developmesgearch project

(January 20l4ecember 2017), funded by the European Commission, is promoting

agroforestry practices in Europe that will advance sustainable rural development. The project

has four objectives:

1. to understand the context and extent of adorestry in Europe,

2. to identify, develop and fieldest innovations (through participatory research) to improve
the benefits and viability of agroforestry systems in Europe,

3. to evaluate innovative agroforestry designs and practices at & fitldn and landscape
scale, and

4. to promote the wider adoption of appropriate agroforestry systems in Europe through
policy development and dissemination.

Further details of the project can be found on the AGFORWARD wehksite agforward.eu

Thisreport is a deliverable associatable first objective ofunderstandng the context and

extent of agroforestry in Europel’he specific objectivesf work-package hre:

1. To inventory and explain, using existing EU27 land cover andusadiatabases, the
extent and recent changes of agroforestry systems in Europe

2. To identify and describe successful agroforestry practices in areas bordering Europe, that
could be used to encourage agroforestry in Europe.

3. To stratify the EU27 into regiongith different combinations of fruitree/olive, livestock,
arable and rangeland agroforestry systems

4. To analyse the framework conditions under which agroforestry operates and develops in
Europe

The objective of this report is to address the second ctibjje of workpackage 1, namely to
identify and describe successful agroforestry practices in areas bordering Europe that could be
used to encourage agroforestry in Europ@&he report comprises an introduction, a
methodology, results and then a discussgattion.
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2. Introduction

Current predictions suggest that the Mediterranean region is likely to be significantly impacted
by climate change (Tanasijewdt al,, 2014). Tle projections suggest that these changes are
likely to have detrimental impacts on ecaggms and agricultural production acrosket
Mediterranean basin North Africa, in particular is likely to face significant challenges in
relation to climate change (Shillireg al., 2012). The agricultural sector is in all North African
countriesby far the largest consumer of wateoften responsible for as much &9%of water

use (Shillinget al, 2012). In most cases these agricultural systems are almost entirely
dependent upon precipitation as the main water source. The predicted decline in precipitation
is projected to lead to as much as a 40% decline in agricultural productivity in countfeasu
Algeria and Morocco (Cline, 200%)orocco, in particular, is likely texperiene the greatest
precipitation decrease (Terinkt al, 2013).Whilst ®cieties inthis region havehistorically
adapked to water scarcitythere is a need for alternativapproaches including the use of
agroforestry systemap deal with these environmental constrainis agriculturalproduction

As described in Section 1, this reporpé&t of the AGFORWARD project which has the primary
goal of promoting appropriateagroforestry practices that advance sustainable rural
developmentin Europe.The main objective of thistudy & to identify and describe successful
agroforestry practices in areas bordering southern Europe and commetiteanpotential to
encouragesuchagroforestrypracticesin Europe The analysilookson the relative importance

of field-scale and landscapscale agroforestry in parts of North Africa that have a similar
climate to the Mediterranean agroclimatic regiowith a particular focus omMoroca. In
common with southern Europehits region has a number ofiigh value tree system
agroforestry systems, particularly associated with o(i@éea europaea Jand argan(Argania
spinosa cultivation both of which have higlsociceconomicand culturalvalue (Daoui and
Fatemi,2014). In Moroccofor example, agroforestry is a wadbtablished practice commonly
found both inoasis and in mountainous regiomsere bothagricultural land areand water
resources are scarce.Y RSNJ (4 KS a2 NB O @h Marodl Zed Baid/are Somip@ris t
to expand agroforestry systems.

A key element of this work, as part of the AGFORWARD projett, iisvestigate the
importance ofagroforestry systemin potential climate adaptatiorstrategies. As conditions in

the souhern Mediterranean are already significantly warmer than those in Europe there is
potential to explore the viability of agroforestry systeitist are currently practicedin these
areas. As part of this study we uddoth climate analogue modellin@uedeing et al., 2014)

and participatory research methods (particularly local knowledge methods (Sinclair and
Walker, 1998; Walker and Sinclair, 1998) to look at adaptation strategies associatdubthith
current and potential agroforestry systems in Moroccdhe World Agroforestry Centre
(ICRAFhas also been involved with developing innovative modelling approaches to look at
adaptation ofagroforestrysystems to climate changddere we report on the use of these
models in a Sahelian conteXre there lesson¢hat can be learned from thessystems that
demonstrate the benefits and viability ofncreasing agroforestry systems the European
Mediterranear?
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3. Methods

Thereport hadthree mainactivitieswhich are outlined below:

1. Review ofliterature associated whh agroforestry practicesn the southern and eastern
Mediterranean

2. Climate analoguesanalysisto identify areas in North Africa whichare currently
experiencingclimate similar to predicted future climatder the Spanistiehesasystens,
and

3. Participabry researchon agroforestry systems in one climate analogue location
Morocca

In addition we present summary ofresearch byyfCRAFonducted in the Sahel region. This

work used theWaNuLCASodelling approach to explonhe dynamics of parklangystems in

relation to climate variabilitysee Section 4)

The methodologies associated with thesleree mainactivitiesare describedin the following
sections

3.1 Literaturereview

The literature review focussed on identifying examples of lessons tldesm successful
agroforestry practices established in North Africa and the eastern Mediterranean region that
may be relevant within a southern European conté. initial scoping review suggested that
there was only limited information on agroforestryssems in North Africa with the exception

of Morocco. Tie output from the climate analogue work €tion 32) suggested that there
were areas in the western Mediterranean igh were also potential analogue sites so the
formal reviewwas expanded to includeebanon, Israel, Jordan, Syria and Turkey

A set of published articles was assembled from an ISI Web of Knowledge and Science Direct
search using the search string: W INR F2NBAGNREQ 2 NJ WERANI OP LI fa s &z
ONER LLMJEHDS RAGISWHNT FNJ Whb2NIK ! FNAOFQ 2N Wa2 NP O«
WAGRFQ 2NJ W93 LIIQ 2NJ W[ Soly2yQ I2dllcasds &hell St Q
references were checked to ensure ttegroforestry practices fe within Mediterranean

ecoregions.

3.2 Climate analogues

Climate analogue analysisugdelinget al., 2014)is a modelling approach that allows users to
search for different locations where the current climate is similar to that which is predicted for
a given site in the futureGiventhe focushere on the potential value of agroforestry systems

to moderatefuture climate impacts there is a need to look at how similar current conditions in
North Africa are to the predicted climate of tHeuropeanMediterranean.To illustrate the
methodologywe focused on thehigh nature and cultural valudehesasystems in Spain to
demonstrate the approach.

The search for analogues was based on the climatic distance method. This method finds the
point on the target grid whose climate is most similar to the base grid at the sampled position.
This means that for each grid cell of the target grids, and for edichate metric, the
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(absolute) difference between the base and target values is calculated. These values are then
normalized. Distancesf all included climate metrics are then weighted according to user
specified weights and added up, resulting in onetatise value. The grid cell with the
minimum distance value is then identified as the analogue location.

Projected future climate conditionsere derivedfor four selecteddehesasystems in southern
Spain (provided by AGFORWARD project partnéng) ceordinates for theseare presentedin
Table 1 below

Tablel. Coordinates for four puposively selected dehesa systems in Spain

Dehesa Coordinates
1 36.86'N; 5.10W
2 37.41N;7.42W
3 37.57N;6.17°W
4 38.23N;3.85°W

Projected future climate conditionsvere obtained from three different global circulation
models: CCCMA_CGCM2 (Canadian General Circulation Model 2, by the Canadian Centre for
Climate Modelling and Analysis), CSIRO_MK2 (CSIRO Atmospheric Research Madk 2b)
HCCPR_HADCMS (Hadley Centre Coupled Model, version 3).

These three models were selected, because projections were available to the study via the
climate data portal of the Research Program on Climate Change, Agriculture and Food Security
(CCAFS) ofit Consultative Group on International Agricultural Research (CGMRptawas
downscaled to 2.5 arc minute resolution (~4.6 km in the study region) using the Delta method
and expressed climate change relative to the WorldClim dataset for the-208D reference

period (Hijmanset al., 2009.

The climate analogue search was based on three local climegics: mean monthly
precipitation, mean monthly minimum temperature and mean monthly maximum
temperature. These metrics were used to compare all the grid cells within the search domain

with future climates projected for the baseline location. ThiswasydS o6& O2 Y LJziAy 3
RAZ0IYyOSaQ 08G6S5Sy LI OSA dzilustidlingland Ne@ithA RS |
2012:

Climatic distance U B B 0 _h

In whichpar stands for the array of weatlgparametersm is the list of all months in the year.
WparmiS @ weighting factor to determine which of the weather parameters is given priority over
the others. In this study, precipitation was assigned a weight of 2, while minimum and
maximum temperatuves received weights of By, » andF,.. m are the values for the respective
parameter for the present and future scenarios andrmy, is a normalization parameter,
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which was set to the interquartile range of the distribution of the respective montalyes
across all grid cells of the analogue search domain.

Sepaate climatic distance measures wecalculated for each climate scenario. The grid cell
with the lowest distance value is the best 'matching’ analogue location. By using this method, a
total of 18 climate analogue locations (Bodels x2 scenarios x 3 time horizons) mge
determined for eah handpicked reference point.

Climate analogue analysis is particularly useful if climate is a dominant driver of differences
between baseline and analogisite pairs. The maiadvantage of the approaci the case of

this project isthat it can be usedor identifying potential adaptation strategies. If adaptation
options have already proven their viability in a situation that represents the climatic future of
the site of interestthen there is potential to apply these technologies in the base linatioe
(RamirezVillegaset al., 2011).

Whilst not particularly relevant for theehesasystems used in this example (which are not
commonly found in North Africa) the method could also be usesktif agroforestry systems
currently present in European thriveunder future climate conditions  a particular practice

is successfully applied at both baseline and analogue siteanibe argued that the practide

likely to remain viable, and plant or animal species that thrive at both locationgrdileely to

be vulnerable to climate chang€limate analogue analysis is less likely to be useful as an
approach in predicting the impacts of climate change on agroforestry systems where there is
limited socieecological characterisation in place as itigical to also account for differences

in land use, land cover or soei@onomic conditions between locations (Luedelietgal.,
2014).

3.3 (Case study in northern Morocco

In 2008, the Kingdoraf Morocco launched the Plan Mard@rt (PMV)to address the theat of
increasing water scarcity (Ministére de ['Agriculture et de la Péche Maritime, 2011).
Agroforestry is likely to be an importacbmponent of the plan as the gesnment wants to

start largescale conversion of watentensive cereal cropping systentgo high value tree
orchards, emphasizing olive tree cultivation for improved water use efficiency (Agence pour le
Développement Agricole, 2013)n commonwith the aims of the AGFORWARD praject
research towards an improved understanding of existing agroforestry practices and
agroforestry options within farming systems of northern Moroccan smallholders, is a vital first
step towards ensuring political and institutional support for smallholder fasneeeking to
increase farming system resilience.

In this context a field study was conducteding participatory approaches the Zerhoun
massifwhich ispart of the MeknegTafildet region of northern MoroccdFigurel) in the
summer of 2014. The pncipal aim of this research was toeoth characterise existing
agroforestry systems and tinentifying options for tree based diversification and tree cover
increase This is an area identified in the climate analogue modelling as a potential future
analogie to the dehesa systems in southern Spaiwith a climate system similar to whaiill

be experiencel in Spairpotentially as soon a®020 (sed-igure 5 Section 42).
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Figurel. Map and satellite image of part of northern Morocco, with tteel dot and rectangle
indicate the location of the study site in the Mekd@sfilalet region.Field work was
conducted near the city of Meknes in northern Morocco.

Importantly there are a numbeof key differences between the sites not least the
topography and the cultural context for the agroforestry systems which will account for some
significances between the sites (there is no direct analogue for dehegariroun massit,
although there & significant areas dfilvgoastoral cork oak@uercus subgdominated open
woodlands in northwestern Africa(Vallejoet al. 2006).Instead the site offers an insight into
issues surrounding agroforestry generally under conditions that, climaticadylikaly to be
similar to southern Europe.

3.3.1 Localknowledgemethods

Local knowledge about agroforestry systems in therhoun massifwas collected using
knowledgebased systems methods (Walker and Sinclair 1998; Sinclair and Walker 1998). First
a short soping study with key informants was completed. This involved discussions with local
farmers and extension workers

The local knowledge was recorded using the AKTS software system @iahn2001) that
involved disaggregation of knowledge into sets of unitary statements represented using a
formal grammar (Walker and Sinclair 1998), with associated contextual information about the
definition and taxonomy of terms (Sinclair and Walker 1998 Knowledge was evaluated

for coherence and consistency as it was collected, using a suite of automated reasmhéng
(Kendonet al. 1995) and a diagrammatic interface to explore connections among statements
(Walkeret al. 1995).
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Detailed knowledge waacquired by repeated interviews with a purposive sample of 32 willing

and knowledgeable farmers. The sample was stratifiedoss an altitudinal gradientive

strata were selected for interviews based on the scoping activities in the study area. These

included:

1 Lowland farmersowning land situated in the lowland plain west of Moulay Idriss Zerhoun
(lowland farmers).

1 Irrigation farmers the majority being located in close proximity to Lkhammane River
which runs through the Zerhoun massif

1 Lower slope farmes cultivating land in the foothills of the mountain range

1 Mountain farmers farming land within the mountain range, north and noshst of
Moulay Idriss Zerhoun.

T Livestock farmergrimarily involved in livestock husbandry, moving across the study area
to feed their animals.

Repeated interviews with the same people were important in obtaining deeper explanatory
knowledge and resolving inconsistencies, while stratification ensureddocoverage of the
types of knowledge locally held abowatgroforestry systemsThe process of knowledge
acquisition duing the compilation stagevas iterative. Ihformation gaps identified during the
dewvelopment of unitary statements we addressed in sasequent interviewgTable 2.

Table2. Number of farmers interviewed during local knowledge research.

Stratum Number of participants
1stinterview  2nd interview 3rd interview

Lowland farmers 6 2 -
Irrigation farmers 6 4 -
Lower slope farmers 6 3 1
Mountain farmers 7 3 -
Shepherds 7 -

Total = 45 32 12 1

Three bcus groupdiscussiongvere also conducted during thdinal stages of the knowledge
acquisition phaseone with lower slope farmers, the second with shepherds and a third with
mountain farmers.Thesewere usedto triangulate information obtained fromhe detailed
semistructured interviewswith a broader audienceThe discussion with shepherds provided
an opportunity to learn more about their seasonal migration across rangelands and gain
further insight on constraints to animal husbandry across the study site.
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4. Results

4.1 Review of agroforestry practices

¢KS aSRAGSNNI ySIy Aa 2yWuK22AT alseét a4z06] aRekNE M y
were significant disparities in information associated with agroforesyrstems innorthern
Mediterranean countries (NMCs) and southern and eastern Mediterranean countries (SEMCs).
The literature review revealed Bmited amount of formal study of agroforestry systems in
northern Africa and in the Eastern Mediterranean. The Web of Science searches returned 123
potential studies aginst the search criteria (see@ion 32). Of these only 18 were potentially
relevantto AGFORWARD (these are listed in AppefdiA number of countries had very little
research associated with their agroforestry systeqnespecially in areas of these countries
analogous to a Mediterranean climate (e.g. Algeria, Egymd,Syria). Whilecountries such as
Tunisia had slightly more agroforestry studiesany of these were from the more southerly
areas of the countrnand did not fall within theMediterranean bioclimatid¢imit (i.e. they were

more closely asxiated with Saharan conditionahd were excluded on this basis.

4.1.1 Dirivers of decline ifiorestcover

In the south of the Mediterranean basin, the region is generally under-a€hito desert
conditions, and is characterized by low forest cogetO percent or less of the land area is
covered by forests. The forest vegetation is generally composed of open woodlands with
scattaed trees and xerophytic shrub@AO Forestry Department, 2013Yediterranean
forests and other wooded lands are expected to be increasingly exposed to envircadraadt
anthropogenic threats. Climate change is a significant driver of deforestatidirough
extending the dry period and decreased precipitation (FAO Forestry Department, 2013). In
common with the NMGCsforest fires soil degradation and increasing ée#fication pose
significant risk. The primary cause of desertification is the removal of vegetation. This causes
removal of nutrients from the soil, making land infertile and unusable for arable farming.

Whilst abandonment is an increasingignificant issue in many parts of the NM®&zzoleni

et al. 2004) in north Africa and the eastern Mediterranean the opposite is observed with
significant increases in langse intensificatior(Vallejoet al., 2006)associated with population
increase;between 1955 and 201@he populationin SEMCsdncreased by 238%rhere is
evidence that climate changs leading to increased variability in precipitation nrarginal
areas often leading to floods and water erosion. During dry seasbasoveralldeclinein
rainfall and cloud covereads to increased evaporation and reduced underground water
resources. This lack of watbasled to the abandonment of upland farms in MorocfoBA
Morocco Programme, 2011).

Demand forfuel woodis a significant driver adeforestationin the SMECs. For exampleel
wood constitutes 30 percent of energy consumption in Morocco. Current estimates are that
the consumption of wood energin Morocco easily surpassed the productive capacity of
vegetation makingit a major contripution to deforestation The rate of deforestatiornin
Morocco isestimated at approximately 3000 ha perear (FAO Forestry Department, 2013)
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4.1.2 Examples of North African and the eastern Mediterraneagraforestry

The paucity of information means that it ot possible tocharacterise all theagroforestry
systems in North Africa and the eastern Mediterraneastdad we have detailed some of the
better studied agroforestry systems particularly in Morocco. Evem iMorocco, where
agroforestry practices have long tradition these systemshave received little research
attention (Daoui and Fatemi, 2014).

Oliveagroforestrysystems (MoroccpTunisia and Algerip

Olives Qlea europaed.) are among the oldesexamples of agroforestry systems ihe
Mediterranean (Figure 2) Olives are a casbrop of great economic importanceot least
because of its resilience tdrought Recent modelling work has shown thetin-fed olive
groves are expected to become unviahleross the Mediterranean area as a riésaf climate
change, particularly in the arid and searid zones where olives are traditionally cultivated
(Tanasijeviet al., 2014)

Figure 2 Olive orchards on the lower slopes of the Zerhoun maddidrocca The image
depicts the scattered growtbf carob trees (bottom left corner and upper centre of the image)
within olive stands. The image further depicts scrubland and state managed forests on the
ridges alove Moulay Idriss (see Sectior38).

Argania spinosa (Morocco)

In Morocco, natural forsts of argan treesArgania spinosacover an area of about 800,000
hectares in densely populated arid and semiarid zones (about seven percent of the total forest
cover). The tree haa high biodiversity valuand is part of a muluse silvpastoral systm

which produces about 4,000 tons of argan oil each year (Chaussod et al., 2005). Argan
woodlandsare suffering degradation due to the abandonment of traditional management
practices and the intensification of their u¢fund andHogan, 2014)This traditonal agre
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ecosystem is now in crisis, with consequences at ecological andesmriomical levels as the
tree is important for thesubsistencef two million rural MoroccanfChaussod et g3120()

Cork oak (Tunisia, Algeria and Morocco)

Cork oak QuercussuberL.) is endemic in Tunisia, Algeria and Morocco. The woodlands are
associated with a range of traditional agsivopastoral practices including grazing ahd
gathering of a number of netimber forest products Camposet al., 2009) Acrossthe regon

there has been aignificant decline ithe areaof cork oak forestsA total of 632000 ha have
been lost equivalent to approximately a third of thetotal area of cork oak woodland
(Harfoucheet al. 2005. Long dry seasons, forest fires and overgigare considered to be the
main factorscontributing to the decline in forest area (Campisal. 2007)

In the eastern Mediterranean there are a couple of examplesxperimentsusing grazing to
rehabilitate degradedQuercus calliprinogKermes oak) wadlands Gutman et al, 2000;
DufourDror, 2007.

Alley cropping with SaltbusiiMorocco)

In Eastern Morocco, alley cropping systems which combine saltbAtsipléx nummularia

with barley have been introduced. This area suffers from permanent water shortage and
recurrent drought. This agroforestry system is valued by farmersthe saltbush allows
farmers tomeet livestock nutritional requirements during feed gap peri¢asiplexhas a high
content of crude protein and minemthroughout the yeay. In addition studies have shown
that the association improvethe soil water statusand enabled a 39% increase in barley grain
yield (Shideecet al., 2007 Chebliet al., 2012)
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4.2 Climate analogues

The climate analogue approadias high value for planning associated wiffimate change
impact projection and adaptation planninghis is particularly true for complex agroforestry
systems such as thidehesasystems The initial result§rom the climate analogue workshow
analogue sites fodehesasystems in southern Spa{figures3 to 7). The maps use climate
change predictions from three models over three time periods to modeptiogected climate
for the selecteddehesaexamples. These were used to identib¢cations where the current
climate is similar to these projected conditions.

dimate modelling(Figures 3 to 63uggests that most analogue sities dehesaare found in
Spain for the earliest predictions i.e. 2028s the timescale increases then tloeation of
potential climate analogue siteshanges often including locations iboth the soutlern and
eastern Mediterranean. For example, the results from the analogue mapping show the areas
of Western Turkey becomanalogues fodehesasystems in 2080 (see Figurg This means

that this area is currently experiencimgean monthly precipitation, mean monthly minimum
temperatures and mean monthly maximum temperatwsehat are likely to be equivalent to
what will be experienced in thelehesain 208Q

Morocco has the most climate analogue sites (providpayt of the rationak for the
participatory descibed in ®ction 4.3). Theystart to appear in both the2020 and the 2050
predictions (Fgures3 to 6). By comparingoaselineanalogue pairs, information on climate
impacts and opportunities for adaptation can be obtained.
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and Analysis (CCCMA), CSIRO Athmrgp and the Hadley Centre for Climate Prediction and Research (H@A@RRfuture scenarios (IPCC A@ad B2a)
for the year 2020, 2050 and 2080.
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Figure4. Climate analogues for dehe8aas calculated by three ffierent general circulation models (GCMs) from anadiarCentre for Climate Modelling
and Analysis (CCCMA), CSIRO Atherip and the Hadleyentre for Climate Prediction and Research (HC@R®RY future scenarios (IPCC A2a and B2a)
for the year 2020, 2050 and 2080.



Figure5. Climate analogues for dehe8aas calculated by three ffierent general circulation models (GCMs) from anadia Centre for Climate Modelling
and Analysis (CCCMA), CSIRO Athergp and the Hadley Centre for Climate Prediction and Research (H@ARR future scenarios (IPCC A2a and B2a)
for the year 2020, 2050 and 2080.

























































