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The argan tree : green rampart against desertification

p>X

Spread over a littoral and paralittoral sector from the north of Essaouira to the veé
Souss

A Located at the southern fringe of transition to the Sahara

p>

Part of the UNESCO biosphere reserve Arganeraie

i

Species distribution and study,




The argan forests is a complex Agro-sylvo-pastoral system :

paroxysm of the relation man / environment

APark Agro_forestier

AMultiple uses and services

Adult argan tree

i 2 M cattle
i 13 % national fuelwood
i 20 M JT

A Argan is the pivot of the rural 7
economy and it keeps people in place creuneraoenree B8

En ay ood ep0|tat|on

Pastoral activity



: U Deforestaion /degradation : amalgam

A The rate of deforestation (600 ha / year) cited in the literature there is verified in ol
case? or it is a confusion between two types of Argan forests (mountains vs. plai
of Souss)?

A Is it case of the deforestation or the decrease of trees density or the qualitati
degradation of the crown?

A Is there an important dynamic of change? its magnitude? and its distribution amo
different types of land tenure? Do they take place over large areas or they are pc
shaped?



Monitoring the degradation phenomenon : a methodological challenge

1- Deforestation / Degradation: two phenomena that should be monitored by
appropriate approaches.

- . Field observations
Remote sensing toolS — Inefficient for the qualitative Natural environmentbiophysics & physics variables

degradatiorassessement Social environnement
Accurate estimation of deforestation Formalizing the relationship resources / needs and

Indicators of

services: to study the impact of various disturbanees—> -
degradation state

due to the exploitation practices and uses of resources

2- Multiple uses and users—- by landscape unity, several disturbances across
different vegetation layers



3- Strong interference between land tenure and traditional resources manag

} Land status

Land
management
mode

— &

mode: multiple protection statutes and several rhythms of degradation
Land status & land management
Public domain Private domain
v v l
60 Mouc 60Ag( Privatised domain: Private domain :
Cereals Cereals + arboriculture

0 0 Mo u c || Grazing 0 0 Agd al| Privatised Private Farmland :
land Argan orchard | | Argan orchard Cerealsandor
arboriculture

Utilisations




Objectives

A Historic trajectory (1984€006) : rhythm and type of changes

A Typology of the qualitative degradation : relevant choice of variables for the
environment and for forest stand



Methodological approach
Changes study : remote sensing tools

Very high data resolution : Quickbird (2006) vs Orthophotos 1993 (2 m) vs pf
1984 (1:20000)

1i Approachfocusing on changes in surface : interactive observation within a ¢
mesh of 100 ha
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Changes study : remote sensing tools

2 - Approachfocusing on individual entities (density change) : Analysis of linea
transects (3000 m * 60 m).

Quickbird 2006 Orthophoto 1993 Photo aérienne 1984

Comparison of linear transects




Degradation features typology : statistical approach
A Stratifiedapproactof plantformations by thuyaandarganforests
A Two stagesampling : A= 10 ha, a = 10 ares

A Datafrom groundobservations 618 plots

step 1. maximisation of the function

ni — E)(l -7 i) / 2i (CUwgaIton and Green, 1999 ; Plourde and Congalton, 2003)
Max [-"ii)Jl= 0,25
O b = 6] (df= 1, G/ k) pour un degr® de | ibert®

k est le nombre de classes,
“i (1 :laprdportion de Ja classe i,
i est |l a pr®cision absolue (5 %) de | 06®chantill

~

né =867 pour 15 cl asses



Step 2 :.one plot by homogeneous object

Segmentation : homogeneous objects delineation by eCognition algorithm (Definiens, :

° placettes :| grappe objets__homogénes

n= 618 plots



A15 to 18 variables = attributes of the environment and of the forest stand.

Agro-ecological system

A

1 Forest stand Land management Mode & land tenure
- Pure Arang forest o o
- Pure Thuja Forest 1 OJ(”]Cf\éi_aﬁ 0
- Mixed argar thuja forest 1 @\gdal 6
- Mixed thuja/green oak forest 1 Private/privatis ed

1 Grazing land
Argan orchard
1 Farmland

=

1 Tree cover

1 Tree height

1 Shrub cover

1 Vertical structure

1 Heterogeneity

1 Phytodynamic stage

1 Seedling regeneration

1 tortious cutting (3 types)
1 stand profil
1GRbcherver6 8§ AAOT AAT AA
1 Trail crossing density

1 Proximity

1 Sylvicultural treatment

1 Forest stand age

Three areas of socigecological diagnostic plot
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Selection of environment and forest stands attributes

Supervised approach : «Filter».
Exact tests of association Quddwvartiaalgleas vafr i tatbe
f or est G?slikelihoatl dafio chisquare test; Fisher exact test

Control of multi collinearity between variables.

MCA et HCA : to test the regularity of the “clusters' and confirmation of the relevant variables subsets

Degradation indicator de (ID) : Logistic Modelisation

ID =f( ®X))

f = adjacents logits functions ; ; Xenvironnement and forest stand variables ; b, = constant paramete

P Logit(P,) Pour une seule variable indépendante :

* 1 Degradation Facies FD.1 FD 2 FD_3
Probabilités " " "3
Logits transformation

— Fonction de réponse F1 F2 F3
—» —» Avec ~ 1 + =~ 2 + ‘
Variable explicative X Variable explicative X F1 — | n: ( F2 /= | 1n) ( T3



Results

Landcover & forest density changes

A Tenvyear rate of forest cover decline = 0,21%

A 86 % of the changes occurs in forest estate 1,5%

TYPES DE CHANGEMENTS
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In private or privatized domain, surfaces lost by clearings or cleaning are:

Aintended to support cultivations of cereals
(63 %) instead of arboriculture (37 %)

\"pJ

A Pointshaped changes: 85 % of patch
lost < 1 ha

n
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The rate of disappearance of entities rarely exceeds two clumps per ha over 22 yeal



A The Hahabos argan forest ' s sl uggi sh

deforestation.
A But it suffers from a qualitative degradation due to the high human pressure :

1) Depletion of forest ecosystems (simplification of horizontal and vertical
structure),
2) The lack of natural regeneration,

3) Crown mutilations (overgrazing, tortious cutting, crop production under

argan tree).

Need for further analysis of qualitative degradation



Facies degradation typology

A

Socio-ecological diagnostic : parsimonious set of observed attributes

Variable Test khi? variable Test du rapport de vraisemblance variable Test exact de Fisher
Pearson
Recouvrement arboré 3,20E-36  P456 2,09E-40 P456 1,89€-40
Densité sentier 2,63E-32  Recouvrement ar 6,89E-39 Recouvrement 9,83E-39
arboré : Z . ora H .
P456 127E-31  Rocher vert 4,13-34 Rocher vert 3,14E-34 Dependence _teStS (faCIeS—deg rad ag nables)' Cas
Rocher vert 1,41E-30  Densité sentier 1,19E-31 Densité sentier 7,06E-32 d es argan erales
sys_agro_ecologique 1,82E-20  sys_agro_ecolog 4,31E-20 sys_agro_ecolog 7,60E-20
ue
Hétérogénéité 6,27E-20  Hétérogénéité 1,27E-18 Hétérogénéité 9,05E-19
Souche rasees_A* 8,25E-15  Souche rasees_A* 3,14E-15 Souche rasees_A* 5,03E-15
Coupe brin_A 1,24E-11  Coupe brin_A 4,74E-12 Coupe brin_A 2,98E-12 . . . | . |
Structure verticale 2,37E-13  Structure verticale T43E-12 Structure verticale 1,39E-11 ParC Imonious Varlab €s su bS et = 6 Varlab €s
Ecimage_A 1,26E-07  Ecimage_A 7,43E-09 Ecimage_A 7,80E-09
Etat developpement 1,46E-04  Etat développem: 5,54E-05 Etat 6,80E-05
développement Collinearity Diagnostics (intercept adjusted)
Proportion de variance
Hauteur arboree* 576E-04  Hauteur arboree* 0,0013 Hauteur arboree* 7,22E-04 Nombre | Valeur propre | Condition Index | Rocher vert | Densité sentier] P456 | Recouvrement arboré| hétérogénéité| sys.agro
écologique
Profondeur du sof* 7,15E-04  Profondeur du so 0,0017 Profondeur du 968041 5308 1,000 0.003 0,003 0.003 0,003 0.007 0.005
" 2 0,259 4,529 0,081 0,004 0,070 0,001 0,314 0,158
S0 3 0,226 4,849 0,009 0,001 0,011 0,057 0,464 0,238
Proximité* 0,0125  Proximité* 0,0093 Proximité* 0,0076 2 0,089 7741 0,020 0,500 0.333 0,061 0,002 0,198
Traitement sylvicole 00715  Traitement sylvici 0,0792 Traitement 0,076 5 0,069 8.746 0810 0,002 0442 0122 0,006 0110
. 6 0,049 10,382 0,077 0,490 0,141 0,756 0,207 0,291
sylvicole
Substrat* 0,099  Substrat* 0,0615 Substrat* 0,0363
Recouvrement arbustif* 0,4805  Recouvrement ar 0,4561 Recouvrement 0,5233
arbustif*
Composition* 0,9069  Composition* 0,9069 Composition* 0,9069




Cas dey arganeraies
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A) Les valewrs propres des ames factorels et

décomposition de 1'inerie.

Cubde < uzizirg Criicien

“umzer of Shakrs

) La statistigue CCC (cubic chastering criterion)) des
classes (Espace 1-2-3).
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b} Les classes des modalités dans le plan factoriel 1-2
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d) Résultat de segmentation des modalités des variables

(Espace 1-2-3)
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Classes identifiées par classification hiérarchigue sar le plan factoriel (1-Z)

Modalites

racher_vwert faible P458_faible, sentier faible rovil, H345

MS5A

rocher_vert mwoyen, sentier_moyen, forét, P456_moyen, rovi2, H2
rocher wvert eleve, sentier_forte, P456_elewe, roewt3, roved, terrains parcours, H
Distance moyenne totale du nuage

Classes identifiées par classification hiérarchique sur le plan facboriel (1-2-3)
rocher_vert_faible, P456_faible, sentier fajble, rcwtl, H345,
rocher vert movyen, sentier_moyen, H2, rovi2, foret, P456 moven
rocher vert eleve, sentier forte, P456 eleve, termains de parcours, rovis,
rcvid, H1

MEA

Distance moyenne totale do nuage

Distance
moyenne des
classes

0,18
i 0,71
0 '
0,54 0,54
0,75 0,75
0,48
0,55
0,75 146
o

Facies dégradation

pen dégrade

dégrade
trde dderads
1,24
peu dégrads
degrade

148

) Composition des classes et leurs distances moyennes.

Figure (18). Analyse nmlti vaniée de I'espace des arganeraies.



A Trilogy of the degradation phenomenon: for each ecosystem type Thuya forests

Argan forests

Thuja forests case

Parcimonious variables subset = 7 variables

ID Thuja forests= forest stand attributes + accessibility + intensity operating services

Intensity operating services
3 mutilation types/ scale = individual
Trail density/ scale = station

Forest stand attributes / Degradation facies Accessibility
Heterogeneity Proximity (distance from habitation)
Forest cover scale = station

scale = forest stand



Argan forestscase

Parcimonious variables subset = 6 variables

ID_ Argan forests= forest stand attributes + intensity operating services + traditional land manage

mode (allocabn uses)

Intensity operating services
Standprofil/ scale= individual
0 6 R o\ é ralbuddancescale= individual
Trail crossingdensity/scale= station

Forest stand attributes Land management Mode
Forest cover Agro ecologicalsystem(Argan orchard,Grazing
Heterogeneity land,Forét_Agdal)

scale= forest stand scale=station

Degradation facies




Correspondance between management mode/land uses and degradation

facies
Landscape with thuya forests

qp Private Argan orchard % Slightly degraded Argan forest

E?, Degraded to very degraded Argan forest
CI%D Green oak stand ! Private domain : Arboriculture

B Private domain: Cereals [ Privatised Arganorchard 1 "Agdal" : public Argan forest

[ "Mouchaa™ : public domain " Transition zone : "Agdal” or "Mouchaa”

. Village A vehicle path
=4
/L Trail crossing 0~

.~ Elevation

(m)

~ "Chaaba" : no permanent stream

650 m

500 m

300 m



Pure Argan forests Landscape




Prospects
Models validation and performance.

Challenge how we can be able to spatialize this indicator (good fit)
Degradation facies typology.

Prospective modeling: scenarios
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