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ABSTRACT

Located in the North of Morocco, Bouhachem foredto(a 8000 ha) is threatened by increased
deforestation. In order to assure the sustainableagement of this forest, the study of its landsadynamic
has been conducted, with emphasis on the role wfiatas cultivation and deforestation. For this,eftr
inventory was done, satellite images covering 2&ryegeriod were analysed, interviews of stakehelder
conducted and the archives on the management dbtast checked. The forest basal area is 34.6ani#h
average. Canopy closure, stand density, rock etippsiand stump density average values were respBct
43%, 1001 stem/ha, 24% 187 stump/ha, for a wilchptuate of 18.7%. The total forest cover has shimnk
11% between 1984 and 2010.The main reasons oft fdegsetion are: demographic explosion, erosiom lan
slide, illegal logging and cannabis cultivation wmd which are gravitating an increased demand wdsto
resources, livestock grazing, corruption, poor sillance, forest fire.
© 2014 International Formulae Group. All rights erged.
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INTRODUCTION
In 2010, the total forest area of the

between 2005 - 2010 meaning an increase in
forest area. But unfortunately, this data hide a

world was estimated to be just over 4 billion
hectares. From these forest lands, 5,131,000
ha belong to Morocco, covering 11% of the
country (FAO, 2010). According to this same
source, the rate of deforestation that was at
about -3000 ha/yr showing a lost of forest, has
changed positively to about 10000 ha halyr

large disparity of situations that characterised
specific area of the country. In Bouhachem
forest, the diagnosis of forest sector shows an
upsetting deforestation and conflicting

relationship between the administration and
forest users. According to Taiqui et al. (2008),
the occidental and central Riff climate is
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favourable to natural development of
Mediterranean forest. But the risks of
deforestation are present because of poor
resources and economics infrastructures, and
the great human density estimated at 213
habt/km2 in the region of Tanger-Tetouan
according to the census of 2004 (Haut
Commissariat au Plan, 2005). As stated by the
United Nations Office on Drugs and Crime
(2003), a quarter of the agricultural land in the
Rif region was occupied by an expanding
cannabis cultivation (known as kiff in the
area) leading to the deforestation and soil
erosion of this fragile ecosystem. This
unfortunate situation takes a particular
dimension linked to uncontrolled -cultural
changes generated by unlawful character of
this product and its high economic value
(Taiqui et al., 2008).

According to Regato and Salman (2008)
the Convention on Biological Diversity
Conference of Parties has adopted a
programme of work on mountain biodiversity
with the overall goal of significantly reversing
mountain biodiversity loss by 2010. The
conservation and sustainable development in
mountain chains became a high priority in
2002, when the international community
significantly raised awareness on the
importance of mountains to life and the need
to improve mountain environments and the
livelihoods of mountain people. As part of the
mountainous area of Morocco, the
Bouhachem forest (Figure 1) constitutes a rich
natural patrimony (Chambouleyron, 2012). It
has been identified as a Site of Bio-Ecological
Interest (SIBE) of priority 1 in 1995, by the
Morocco’s Ministry in charge of forest.
However, this wealth is unfortunately
threatened by increased deforestation (CTFC,
2010).

A survey conducted by the United
Nations Office on Drugs and Crime (2003) on
cannabis cultivation in the area of Rif showed
a decrease by 40% of cultivated surfaces at
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early 2000, passing from 120,500 ha to 72,500
ha. Despite the fact that the highest reduction
was observed in the province of Chefchaouen,
this province still remained the biggest grower
of kiff for the production of haschisch. One
can therefore understand why Kamel (2009)
said that “Riff rhymes with Kiff". The
Bouhachem forest reserve is one of the few
patches of forest which are left in the
Mediterranean and therefore concerns about
changes in the size and quality of these
ecosystems have been growing more and
more since these sensitive forests lands are
being converted into other land uses (Ngufor,
2010).

MATERIALSAND METHODS
Study area

The area of interest is the forest of
Bouhachem, located at the north of Morocco,
in the triangle formed by the provinces of
Tetouan, Chefchaouen, and Larache (Figure
1). This SIBE extends on a surface area of
approximately 8000 ha (CTFC, 2010). As a
forest with multiple interests, it is one of the
core areas of the Intercontinental Biosphere
Reserve of the Mediterranean Morocco-
Andalusia/Spain (International Birds of the
Strait Fair, 2010), Vocation zone N°1 of the
Natural Regional Park of Bouhachem and a
SIBE (Service des Eaux et Foréts du Maroc,
2004).

Data collection and processing
Satellite images

Three satellite images of vegetative
season of different years (Landsat TM of
August 1984, Landsat ETM+ of August 1999,
and SPOT image of June 2010) were used for
image classification. From these satellite
imageries, the study area (8175 ha) was
subset, in order to obtain only our Area Of
Interest (AOI). A GPS permitted to take
ground control points and for the location of
inventory plots.
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To process the images, remote sensing
and GIS software were used. The basic
methodology was simply a comparison of
three satellite images of the study area. These
images were then overlaid in a change
detection process to show geographically the
specific changes in land cover (Lu et al,
2004). The supervised classification was
performed on the raw images of Landsat and a
10 m SPOT degraded into 30 m resolution and

Chefchaouen was necessary. These data were
analysed through descriptive statistic method.

Forest inventory

Circular sample plots of radius varying
so that it can contain 15 to 25 trees with not
less than 7.5 cm of diameter and a height
greater than 1.3 m were established. Plot
radius was reduced or increased according to
the density of the plot, but with a maximum of

the accuracy assessment was done during and 30 m and a minimum of 5m. The sample plots

after classification  (Chokona, 2006),
(Chokona, 2011). A post classification
accuracy assessment was done using 350
independent points derived randomly. For the
three images (1984, 1999 and 2010), this was
respectively 88.29%, 86% and 82.86%.

Choice of Land Use Land Cover classes

In the framework of this study, and
according to our objectives, 5 classes were
discriminated: Matorral (SHRUB) which
included the shrub lands; cultivated lands,
grass lands and bare lands were grouped
together in one class called
Cultivated/Bare/GrasLand (CBGL) because
of their similarity in the period of the year
(June-August); Forest was divided according
to canopy closure. In this wise, we identified
the class Closed Forest (CF) separately from
Open or Light Forest class (OLF) Exposed
Rock (ER) due to their importance in the area.
To this class, we added settlements and tarred
road identified on the image of 2010.

Archive sear ching

In order to collect data on some
infractions on the forest such as forest fire,
illegal logging, forest clear off and forest land
plough and to have information about
livestock and farming, a careful check of
archives in the Service of Infraction and
Material of the Centre of Forest Development
at the Provincial Office for Forest and at the
Provincial Office of Agriculture in

1181

were systematically distributed in the forest,
their centre being separated by 250 m in
transect with the difference that in area with
less than 30% of tree coverage, this distance
was twice greater. The distance between
transects was also set at 250 m. A total of 501
were inventoried. These sample plots were
also used as ground control points for land
cover discrimination, image interpretation and
classification. Inventory sheets allowed
collecting data on the following variable of
the study area: Slope (Degree); Altitude
(Meter); Rock cover (Percentage); tree
Density (number of trees per ha); basal area
(square meters per ha); Diameter of trees
(Centimetres); Canopy closure (Percentage);
Erosion (Presence or Absence); Pasture sign
(Presence or Absence); Stump density
(Number per ha). These data were analysed
through statistic descriptive method. To have
an idea of human activities and specially
livestock grazing on the destruction of the
forest, the Wild Stump Rate (SR) defined as
the relative abundance of wild stump compare
to that of trees were calculated. Wild Stump
Rate (SR) =Wild Stumps Density (d) divided
by tree density (D): (SR=d*100/D).

Survey on the traditional use of forest

The understanding of the main
elements of local forest management (area
with different use interest and problematic,
collective management rules, land ownership
process, area of conflict identification) was
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not possible without a survey of the
population combined with field observation.
For this survey, the grounded theory method
was used (Weber and Beaud, 2003).
Otherwise, the survey guide was improved
during the phase of discussion and while
meeting the key persons of the area. The idea
was not to deeper the sociological aspect of
forest management, but instead to follow a
method that put the surveyed person in
confidence. It was therefore interesting to
have been documented on what is happening
on the targeted field (Leguet, 2008). The data
collected from field observation combined
with those of the survey of the population,
generated the data on the impact of population
on the forest. These data also served to
designing the model of deforestation of
Bouhachem forest using system dynamic
modelling software (STELLA).

RESULTS
The SIBE of Bouhachem: present state
Bouhachem forest is characterised by a
canopy closure average of 43%, a tree density
of 1001 trees/ha in average. Almost all the
highest top of the mountains are covered by
rock, leading to an average rock exposition of
24%. The average basal area and stump
density are respectively 34.6 m?/ha and 187
stump/ha. The “Stump Rate (SR)” is estimated
to be 187*100/1001 = 18.7, meaning that in
Bouhachem forest, beside each 100 trees
about 19 stumps will be counted. The J
inversed diameter class distribution (Figure 2)
shows that Bouhachem forest is still a natural
forest.

LU/LC Classfication and Change
Dynamics of the SIBE of Bouhachem

The initial landscape organization in
1984 was strongly dominated by forest cover,
especially Closed Forest. This was still the
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case in 1999 and 2010 (Figure 3). The
classification results reveal that this dominant
land cover class represented 4176 ha (51.1%)
of the area in 1984, 4207 ha (51.5%) in 1999,
and 3299 (40.4%) in 2010. This domination
was followed by Open/Light Forest and
Matorral. Cultivated/Bare/Grass Land and
Exposed Rock were the less represented ().
From this table, and according toFigure 4 (a),
the dynamic shows that:
- For the first period (1984-1999), Closed
Forest increased by 31 ha due to pine
plantation, while the Open/Light Forest
decreased by 470 ha. In this same time,
Matorral increased by 296 ha, and
Cultivated/Bared/Grass Land and Exposed
Rock by 65 and 78 ha respectively. In order to
have an idea of the changes in the overall
forest area (Closed Forest and Open/Light
Forest), it can be observed that difference of
the sum of these two classes has reduced by
439 ha, meaning a lost in forest cover within
this period.
- During the second period, 1999-2010, the
size of Closed Forest decreased by 908 ha in
contrary to the first period while Open/Light
forest witnessed an increase of 619 ha. Shrub
and Exposed Rock gained 117 ha and 230 ha
respectively, but Cultivated/Bared/Grass Land
in opposition to expectation lost 57 ha.
Concerning the forest coverage in general, the
trend has been the same like in the first period
with a depletion of 289 ha in size.

To summarise the changes during the
26 years, the results of classifications (Figure
4 b) show an increase in the class of
Cultivated/Bared/Grass Land. The area of
Exposed Rock almost doubled, while Matorral
or Shrub Land and Open/Light Forest also
increased. Unfortunately for the Closed
Forest, the area drastically reduced by 877 ha
and in general, forest cover has shrunk by 729
ha.
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SIBE of Bouhachem and some nearest Douars
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Figure 1. Localisation of the study area in Morocco.
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Figure 2: Diameter distribution of the SIBE of Bouhachem.
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Figure 3: Classification of satellite images of 1984, 198@10 of the SIBE of Bouhachem.
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Figure 7: Tree stumps along livestock track.

Table 1: LU /LC change dynamics of the study area.

Evolution of the surface area per LU/LC (ha)

Class - - -
Difference Difference Difference
name 1984 1999 2010 1999-1984 2010-1999  2010-1984
CBGL 229  53% 494  6.0% 437  53% 165 57 8
ER 375 46% 453 55% 682  8.3% +78 +230 +307
SHRUB 781 9.6% 1077 13.2% 1194 14.6%  +296 +117 +413
OLF 2414 295% 1944 23.8% 2562 31.3% -470 +619 +148
CF 4176 51.1% 4207 51.5% 3299  40.4% +31 -908 -877
TOTAL 8175 100% 8175 100% 8175 100%
CE+OLF 6590 6151 5861 -439 -289 729

Difference X-Y: difference in the size area of tw@respondent

LU/LC class of year X and year Y. 0\irt-) in front of a

class change means the lost of area in the conterass, and the plus means a gain of area in ld#ss concerned.

CF+OLF: sum of area of Closed Forest and Open/Lkghest.

Table 2: Presence or absence of stumps in Bouhachem .forest

Presence or absence of ssumps Number of plots per centage

Presence 308 61.47%

Absence 193 38.53%

Total 501 100%
DISCUSSION increase of population experienced by this
Causes of land cover changein the SIBE of area during the last decades (
E;EhaChim q lati wth q Figure 5). In fact, the population

ement - and - population  gro an settled around the reserve passed from 35857

encroachment

The presence of build up areas in the
image of 2010 can be attributed to the
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inhabitants in 1994 to 40918 in 2004. This rise
in population (14.1%) has had as consequence
an increase in various demands: fuel wood,
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construction material, settlement area,
agricultural land mostly for cannabis
cultivation, etc. As far as settlements area is
concerned, infractions of construction were
recorded in the area, proving the significant
pressure that is being exerted on the forest
area leading to shrinkage.
The SIBE of Bouhachem and its Perception
by the villagers

Depending on whether you are in the
northward looking or in the southward
looking part of this protected area, its
perception is different. In the northern part of
the forest, notably in douars like Ramla,
Tayensa, Moulay Abdesslam, and Tazrout, a
project on the development of ecotourism has
improved ecotourism activities, and has led to
develop another perception of the forest and to
understand the importance of preserving the
nature. Therefore, the forest is less destroyed
in this part, even though tourism could have
side effects on the nature and the local
communities. In this same way, Cables et al.
(2007) supported that the promotion of
ecotourism can provide the management of
sustainable levels of forest product, and
grazing on forest lands. However, the
populations of the southern part of the forest
are not yet getting benefits from tourism
activities as such. In this part of the forest,
people care less when they are carrying
activities in the forest. Livestock being their
main domain of investment of money gained
from cannabis crops, the forest is mostly
considered as pasture land or reserve of land
for cannabis cultivation, leading to a high
pressure on this forest part.
I nsufficient surveillance and corruption

The existence of corruption between
farmers and rangers is well known in the area.
Many rangers are incarcerated because of
their implication in bribery related to kiff
cultivation. These issues of corruption are
well known in the upper sphere of the
administration and some trials are launched
against forest rangers. Corruption in forestry
was considered by the United Nations Office
on Drugs and Crime, (2012) as a tool for
environmental crime. Other problems which
render the control of the area difficult are its
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situation in the confluent of three provinces.
Taking into account the fact that a forest
ranger should not patrol alone, (but
paradoxically, only one ranger is assigned per
forest sector), and the administration
bottleneck, the coordination of the control of
the forest between forest workers is therefore
difficult.
Erosion and landslide

Erosion activites and landslide
phenomena are also causes of LU/LC change
in the forestt Among the 501 plots
inventoried, erosion activities were observed
on 55.1% of the plots. This phenomenon was
emphasised in area with high concentration of
cannabis farms, leading to increase rock
exposition. In fact, Barringer (2013) and
O’Hare (2013) also acknowledged that
cannabis cultivation or agriculture are direct
source of soil erosion.

Patterns and impact of encroachment
related to cannabis
Cannabis cultivation as the driving force of
deforestation

The slash and burn method makes
encroachment in the forest easier following
two different ways: clear cut followed by
burning for immediate cultivation the same
year, or, clear cut the forest and cultivation
one or two years later. These two methods of
establishing new farm land are reflected in the
minutes of the office of litigation and material
of the forest administration. According to
Figure 7, the number of “slash and plough”
infractions was greater than those of “slash”
or “plough” showing an urgent need of new
land between early and end 1990. This period
of general increase in the number of
infractions corresponds to the period of
intensification of cannabis cultivation in the
area. This number of infractions drastically
reduced at early 2000, when the campaign
against cannabis cultivation was intensified
under the control of the United Nations Office
on Drugs and Crime (2003). Nowadays,
cannabis cultivation is increasing again.

Income from cannabis is mostly used
to acquire cattle. The aftermath being an
increase of the Stocking rate, passing from an
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extreme level of 2.2 LSU/haly (Tribak, 2000),
to a critical one 2.6 LSU/haly (Suber, 2010).
Among the 501 plots inventoried, 87%
presented signs of grazing, showing the high
pressure made by grazing on the forest.
Generally, the practice consists of moving in
the forest and cutting tree branches as fodder
for livestock during winter. In the summer
time, animals are taken in the forest for
grazing and when the grasses are all dried,
shepherds very often cut branches or the entire
tree for livestock to feed on. The impact of
cutting trees for fodder on the forest is
illustrated in Table2 where more than 61%
of inventoried plots presented stumps and
their density could rise up to 2149 stumps/ha,
often with diameter less than 7.5 cm. These
stumps are mostly observed either in areas
nearby the villages, beside cultivated area,
around the small meadow where animals often
spend the night or along the main tracks used
by the livestock to move in or out of the forest
(Figure 8). These practices lead to a
progressive transformation of closed canopy
forest into open forest or shrub land.

Cannabis cultivation is the main
reason of searching for new fertile soils, and
therefore for clear cutting the forest. This was
also observed by (Taiqui, 2003) and (Taiqui et
al., 2008) in the province of Bouhachem. The
reduction of the number of minutes observed
at early 2000 synchronises with the period of
reduction of the cannabis cultivated surface
area following a campaign again drugs,
conducted in the country by the Office of
United Nations Office against Drugs and
Crime (United Nations Office on Drugs and
Crime., 2003). The Bouhachem forest is burnt
almost every year. Between 2000 and 2009, in
average, 28 ha of forest were burnt every year,
while 1.2 ha per year was burnt between 1990
and 1999 in this area. This is related to the
change of behaviour of farmers to escape the
fines. In fact, the surrounding populations are
making more and more use of bushfire to
obtain new land for cannabis cultivation,
trying to escape the fines applied for forest
clear off, and paying only the fine of plough
for sowing cannabis.
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Causal loop diagram model of deforestation
in Bouhachem and its feedback loops

The causal loop diagram of
deforestation in Bouhachem forest (Figure 6)
presents three main stakeholders gravitating
around forest resources. Firstly, the Forest
Administration, representing the State, acts
mostly in road opening, fire break
establishment, forest plantation, timber and
cork harvesting. It is also responsible for
forest control, and its workers are likely to be
corrupted by local communities. Secondly,
local population are the most users of forest
resources: they harvest fuel wood and other
Non-Timber Forest Product (NTFP); they are
often responsible of illegal logging, and they
are implicated in clear cutting forest patches
for establishing new settlements or opening
new farm land. In this farm, they crop
cannabis and are often involved in bribery.
Money gained from cannabis cultivation is
invested to acquire livestock. This livestock is
taken into the forest for grazing and trees are
wildly pruned or failed for leaves to be used
as fodder. Thirdly, Non-Governmental
Organisations (NGOs) are involved in
implementing development projects. These
projects may tackle the problem of
deforestation due either to fuelwood and other
NTFP harvesting, settlement, illegal logging,
farm practices, cannabis cultivation, or even
livestock grazing practices. These
entanglements of causes and effects develop
two positive feedback loops (hidden lines) and
several negative feedback loops where
development projects play as a veritable
central nervous.

The positive feedback loops (1) shows
that: the higher the quantity of cannabis
cultivated, the higher the trend to corruption,
the high trend of corruption lead to reducing
the quality of control by administrative
workers. The poor quality of controls will lead
to favour cannabis trading, and the easier
cannabis is traded, the more local
communities will involve themselves in its
cultivation. The positive feedback loop (2)
reveals that forest degradation and depletion
favour erosion and landslide in the area, and
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erosion and landslide lead to deforestation.
The negative feedback loops are focused
around development projects which aim to
mitigate the harmful uses of forest resources.
For instance (phantom lines), the increase of
population will lead to the need of opening
new farm lands. The higher the area of farm
land, the higher the quantity of cannabis
produced. Money earned from cannabis
allows the farmers to acquire more livestock.
The higher the quantity of livestock, the
bigger will be the area needed for grazing or
more intensive will be the pruning of trees for
fodder. The search for more area for grazing
and fodder will affect forest quality and area.
Forest degradation and depletion will lead to
the reduction of environmental services and
quality. The degradation of environmental
services will draw the attention of NGOs who
can react by designing more development
project to tackle the problem of opening more
farm lands.

considered by Dueser and Shugart
(1978) as a variable for measuring forest
habitat structure, stump density has been
estimated in many studies in the past. Some of
them were interested in estimating the
attributes of forest fragmentation or
degradation (Gillespie and Chapman, 2005),
or to study the structural and diversity aspect
of a forest (Linares et al., 2011). According to
Thapa and Bhuju (2011), cut stumps
substantiate the evidence of human pressure
on forests. As stated by Gillespie and
Chapman (2006), an easily measurable index
such as the number of stumps which is a
pattern likely to be common in disturbed areas
can be used to predict the degree to which a
fundamental ecological process can be altered
by human disturbance, and this may represent
an unrecognized threat for the conservation
and management of various habitats. Stump
Rate can therefore be seen as an interesting
indicator to appreciate the degradation of
forest environment due to grazing activities.
In the northern part of Morocco, the stump
density was estimated at 187 /ha, which is
greater than 39.56/ha and the 107.7 found
respectively by Paudyal (2007) and Thapa and
Bhuju (2011) and qualified to be highly cut.
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But, these last authors did not calculate the
Stump rate in their study which could allow
having a better idea on human pressure in
their area of study. Further studies estimating
the stump rate have to be carried out in the
area in order to have comparative data.

One of the challenges to take
Bouhachem forest out of the actual vicious
cycle of deforestation can be to develop and
implement policy and practical approaches for
achieving ecologically sustainable forest
management by integrating economic, social,
cultural and environmental values into
participatory  forest ~management. The
mountain structure of Bouhachem predisposes
this area to mountain tourism which can be a
good alternative for seaside tourism. In fact,
this project has started to show some results in
the northern side of the forest, and need to be
extended in the southern part too. In this same
wise, by multiplying alternative income
generation activities which are less aggressive
to the forest could lead to reducing its
depletion. The example of bee keeping can be
a good project, but need to be well
implemented and some rules like forbidding
honey harvesting during summer could give a
good result.

Conclusion

This work shows that Bouhachem
forest still has its natural characteristics, but
this is seriously affected. Serious changes in
the reserve during the 26 years of assessment
have been observed. It shows a great
reduction of closed canopy forest in favour of
open canopy forest matorral, cultivated grass
and bare lands as well as exposed rock.
However, forest cover in the area has shrunk.
The reasons behind forest area depletion are
mostly the pressure exerted to acquire new
farm lands by the increasing population. In
these farms are cultivated cannabis from
which income is invested to acquire more
livestock. The quantity of livestock grazing in
the forest is extremely high, leading to over
grazing, over pruning and trees falling.

Further significant driving factors are
erosion and landslide, the perception of the
forest by the surrounding population and
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forest fire. The interconnection between these
factors leads to trap Bouhachem forest in a
sort of vicious cycle of deforestation. The

analysis of stakeholder using the causal loop
diagram shows that a solution to mitigate

deforestation can be the implementation of
development projects.
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