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Species distribution and study area

The argan tree : green rampart against desertification

Á Spread over a littoral and paralittoral sector from the north of  Essaouira to the valley of               

Souss

Á Located at the southern fringe of transition to the Sahara 

Á Part of the UNESCO biosphere reserve Arganeraie



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

paroxysm of the relation man / environment

ÁPark Agro_forestier

Culture under argan tree

Energy wood exploitation

Pastoral activity

Fruit_tree

Collecting fuelwood and sevices

Adult argan tree Stand of argan tree
ÁMultiple uses and services

ÁArgan is the pivot of the rural 

economy and it keeps people in place

ï2 M cattle

ï13 % national fuelwood

ï20 M JT



·U Deforestaion /degradation : amalgam

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

Á Is it case of the deforestation or the decrease of trees density or the qualitative 
degradation of the crown?

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



2- Multiple uses and users             by landscape unity, several disturbances across 

different vegetation layers

Monitoring the degradation phenomenon : a methodological challenge 

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

appropriate approaches.

Inefficient for the qualitative

degradationassessement
Remote sensing tools

Formalizing the relationship resources / needs and 

services: to study the impact of various disturbances 

due to the exploitation practices and uses of resources

Indicators of 

degradation state 

Field observations 

¶Natural environment : biophysics & physics variables

¶Social environnement 

Accurate estimation of deforestation 



3- Strong interference between land tenure and traditional resources management 

mode:    multiple protection statutes and several rhythms of degradation

 Land status & land management 

Public domain Private domain 

óôMouchaaôô óôAgdalôô Private domain :  
Cereals + arboriculture 

óôMouchaaôô óôAgdal óô Privatised 

Argan orchard 

Farmland :  
Cereals and/or 

arboriculture 

 

Private 

Argan orchard  

Grazing 

land 

 

 

Land status 

 

 

 

 

Land 
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Utilisations 

Privatised domain : 
Cereals 



Objectives

Å Historic trajectory (1984-2006) : rhythm and type of changes

Å Typology of the qualitative degradation : relevant choice of variables for the 

environment and for forest stand



Methodological approach

Very high data resolution : Quickbird (2006) vs Orthophotos 1993 (2 m) vs photo 

1984 (1:20000)

1ïApproach focusing on changes in surface : interactive observation within a grid 

mesh of 100 ha.

Changes study : remote sensing tools

S = 27300 ha



Changes study : remote sensing tools

2 - Approach focusing on individual entities (density change) : Analysis of linear 

transects (3000 m * 60 m).

Quickbird 2006     Orthophoto 1993                           Photo aérienne 1984

Comparison of linear transects



Á Stratifiedapproachof plantformations: by thuyaandarganforests.

ÁTwo stagesampling : A = 10 ha , a = 10 ares

ÁDatafrom groundobservations: 618plots

Degradation features typology : statistical approach

step 1: maximisation of the function

ni= ɓ ˊi (1 - í)/ ű
2
i (Congalton and Green, 1999 ; Plourde and Congalton, 2003)

Max [ˊi (1 - ˊi)] = 0,25

O½ ɓ = ɢĮ (df= 1, ű/k) pour un degr® de libert®,

k est le nombre de classes,

ˊi (i = 1 ¨ k): la proportion de la classe i,

ű est la pr®cision absolue (5 %) de lô®chantillonnage.

nô =867 pour 15 classes 



Step 2 : one plot by homogeneous object

Segmentation : homogeneous objects delineation by eCognition algorithm (Definiens, 2006) 

placettes grappe objets_homogènes

n= 618 plots



Á15 to 18 variables = attributes of the environment and of the forest stand.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Agro-ecological system 

¶ Forest stand 

- Pure Arang forest 

- Pure Thuja Forest 

- Mixed argan/ thuja forest 

- Mixed thuja/green oak forest 

 

¶ Grazing land 

¶ Argan orchard 

¶ Farmland 

Land management Mode & land tenure  

¶  Ȭȭ-ouchaaȭȭ 

¶ ȬȭAgdalȭȭ 

¶ Private/privatis ed 

Environm ent  and forest stands attributes  

¶ Tree cover 

¶ Tree height  

¶ Shrub cover 

¶ Vertical structure 

¶ Heterogeneity 

¶ Phytodynamic stage 

¶ Seedling regeneration 

¶ tortious cutting  (3 types) 

¶ stand profil 

¶ ȬȭRocher Vertȭȭ ÁÂÕÎÄÁÎÃÅ 

¶ Trail crossing density 

¶ Proximity  

¶ Sylvicultural treatment  

¶ Forest stand age 

Plot (geography ) 

Three areas of socio-ecological diagnostic plot 



Selection of environment and forest stands attributes

Á Supervised approach : «Filter».

Á Exact tests of  association with target variable  óôfacies degradationôô ƍ óôvariables of the environnement and 

forest standôô : ɢ² ; likelihood ratio chi-square test; Fisher exact test

Á Control of multi collinearity between variables.

Á 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(×ɓiX i)

f = adjacents logits functions ;       Xi = environnement and forest stand variables ;         ɓi = constant parameter

Variable explicative    xk

Pi

Logits transformation

Variable explicative    xk

Logit(P i)
Pour une seule variable indépendante : 

Avec ˊ 1 + ˊ 2 + ˊ 3 = 1

F1 = ln (ˊ2/ ˊ1); F2 = ln (ˊ3/ ˊ2)

Degradation Facies FD_1      FD_2      FD_3

Probabilités 1́ 2́ 3́

Fonction de réponse F1          F2         F3



Results 

Landcover & forest density changes

Á Ten-year rate of forest cover decline  = 0,21%

Á 86 % of the changes occurs in forest estate

10,6%

87,9%

1,5%

posi t i ve negat i ve f or est  cut t i ng
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In private or privatized domain, surfaces lost by clearings or cleaning are:

Áintended to support cultivations of cereals 

(63 %) instead of arboriculture (37 %)

ÁPoint-shaped changes: 85 % of patches 

lost < 1 ha.

The rate of disappearance of entities rarely exceeds two clumps per ha over 22 years. 



Á The Hahaôs argan forest is sluggish, and it has not lost much in a dynamic of 

deforestation.

Á 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

Á Socio-ecological diagnostic : parsimonious set of observed attributes

Dependence tests (facies_dégradation ƍvariables): Cas 

des arganeraies 

Parcimonious variables subset = 6 variables

Collinearity Diagnostics (intercept adjusted) 

Proportion de variance 

Nombre Valeur propre Condition Index Rocher vert Densité sentier P456 Recouvrement arboré hétérogénéité sys_agro 

écologique 

1 5,308 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 

3 0,226 4,849 0,009 0,001 0,011 0,057 0,464 0,238 

4 0,089 7,741 0,020 0,500 0,333 0,061 0,002 0,198 

5 0,069 8,746 0,810 0,002 0,442 0,122 0,006 0,110 

6 0,049 10,382 0,077 0,490 0,141 0,756 0,207 0,291 

 

Test khi²

Pearson

Recouvrement arboré 3,20E-36 P456 2,09E-40 P456 1,89E-40

Densité sentier 2,63E-32 Recouvrement arboré 6,89E-39 Recouvrement 

arboré

9,83E-39

P456 1,27E-31 Rocher vert 4,13E-34 Rocher vert 3,14E-34

Rocher vert 1,41E-30 Densité sentier 1,19E-31 Densité sentier 7,06E-32

sys_agro_ecologique 1,82E-20 sys_agro_ecologique 4,31E-20 sys_agro_ecologiq

ue

7,60E-20

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 7,43E-12 Structure verticale 1,39E-11

Ecimage_A 1,26E-07 Ecimage_A 7,43E-09 Ecimage_A 7,80E-09

Etat developpement 1,46E-04 Etat développement 5,54E-05 Etat 

développement

6,80E-05

Hauteur arboree* 5,76E-04 Hauteur arboree* 0,0013 Hauteur arboree* 7,22E-04

Profondeur du sol* 7,15E-04 Profondeur du sol* 0,0017 Profondeur du 

sol*

9,68E-04

Proximité* 0,0125 Proximité* 0,0093 Proximité* 0,0076

Traitement sylvicole 0,0715 Traitement sylvicole 0,0792 Traitement 

sylvicole

0,076

Substrat* 0,0499 Substrat* 0,0615 Substrat* 0,0363

Recouvrement arbustif* 0,4805 Recouvrement arbustif* 0,4561 Recouvrement 

arbustif*

0,5233

Composition* 0,9069 Composition* 0,9069 Composition* 0,9069

Test exact de FisherVariable variable Test du rapport de vraisemblance variable





ÁTrilogy 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

Degradation facies Accessibility

Proximity (distance from habitation)

scale = station

Forest stand attributes

Heterogeneity

Forest cover

scale = forest stand



Parcimonious variables subset = 6 variables

ID_Argan forests= forest stand attributes + intensity operating services + traditional land management

mode (allocation uses )

Argan forestscase

Degradation facies

Intensity operating services 

Standprofil/ scale= individual

óôRochervertôôabundance/scale= individual

Trail crossingdensity/scale= station

Land management Mode

Agro ecologicalsystem(Argan orchard,Grazing

land,Forêt_Agdal)

scale=station

Forest stand attributes

Forest cover

Heterogeneity

scale= forest stand



Landscape with thuya forests

Correspondance between management mode/land uses and degradation 

facies



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 



THANK YOU !



Fragmentation Υ ŀǘǘǊƛōǳǘ ŘΩƻǊƎŀƴƛǎŀǘƛƻƴ ŘŜ ƭŀ ǾŞƎŞǘŀǘƛƻƴ ƭƛƎƴŜǳǎŜ ǉǳƛ ǊŜŦƭŝǘŜ ǎƻƴ Şǘŀǘ ŘΩƛƴǘŞƎǊƛǘŞΦ {Ŝƭƻƴ 
ƭΩƘȅǇƻǘƘŝǎŜ ǉǳŜ ƭŀ ŦǊŀƎƳŜƴǘŀǘƛƻƴ ǎǇŀǘƛŀƭŜ ŀǳƎƳŜƴǘŜ ŀǾŜŎ ƭŀ ŘŞƎǊŀŘŀǘƛƻƴ ƧǳǎǉǳΩŁ ǳƴ ƳŀȄƛƳǳƳ ŀǳ-delà 
duquel on assiste à une homogénéisation des paysages.

Rocher vers Υ Ŝǎǘ ǳƴ Şǘŀǘ ǇƘȅǎƛƻƴƻƳƛǉǳŜ ŘŜ ǊŀōƻǳƎǊƛ ŜȄǘǊşƳŜ ŘŜ ƭΩŀǊōǊŜ ŀǊƎŀƴƛŜǊ ǎƻǳǎ ƭΩŜŦŦŜǘ ŘŜ 
ǎǳǊǇŃǘǳǊŀƎŜΦ [ΩŀǊōǊŜ ǇǊŜƴŘ ƭŀ ŦƻǊƳŜ ŘŜ ŎƻǳǎǎƛƴŜǘ ōƭƻǘǘƛ ǎǳǊ ƭŜ ǎƻƭΦ  


