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ABSTRACT. The concept of ecosystem services (ES) is increasingly used to analyze the relationships and interactions between 
humans and nature. Understanding the ecosystem services’ flow and the ecosystems’ capacity to generate these services 
is an essential element in considering the sustainability of ecosystem uses and the development of ecosystem accounts. 
For such purpose, we conduct spatially explicit analyses of nine ecosystem services in the Maamora forest, Morocco. The 
ecosystem services included are timber and industry wood harvest, firewood harvest, cork gathering, forage production, 
acorn gathering, forest carbon storage,  and recreational hiking. Results make it possible to distinguish between the forest 
capacity to provide ecosystem services from their current use (demand) and assess them quantitatively. It came out that 
both capacity and flow differ in spatial extent as well as in quantity. Distinguishing capacity and flow of ES also provided an 
estimate of over-or under-utilization of services, and offer the possibility to map the ecosystem service provision hotspots 
(SPA) and degraded SPHs. The respective assessment of capacity and flux in a space-explicit manner can therefore support 
the monitoring of the forest ecosystem use sustainability.
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INTRODUCTION

 Ecosystem services (ES) are increasingly used as a concept 
for analyzing the relationships and interactions between 
humans and nature. It can also be referred to as a framework 
to support decision-making for sustainable natural resources’ 
management, emerging from the scientific field to be serving 
the policy and operational domains in recent years (Plieninger 
and Bieling 2013). They are defined as the contributions that 
ecosystems make to human well-being, and result from the 
interaction of biotic and abiotic processes (MEA 2005). This 
concept emergence resulted in the development of ecosystem 
accounting The latter is considered as a new approach in 
ecology for the environmental assessment through measuring 
ecosystems and ecosystem service flows under human 
activities.
 In Morocco, the national accounting sytem, which is based 
on branches, does not consider the multiple contributions of 
the forestry sector to the economy, particularly non-timber 
products and services. This contribution is rather incorporated 
into the ‘Agriculture, Forestry and Fishing’ branch. This explains 
why the economic role of forest ecosystems is still insufficiently 
highlighted (El Mokaddem 2016).
 Spatial mapping of both ecosystem provision of ES and 
their current use by societies is a key feature of ecosystem 

services (Schröter et al. 2014). Mapping multiple ecosystem 
services has become an important scientific endeavor 
(Bryan et al. 2011, Turner et al. 2016). However, the number 
of ecosystem services considered in studies remains low 
and the validation of results is rarely performed (Seppelt et 
al. 2011).
 Taking into consideration recent experiences of ES mapping 
in North Africa, this study aims at mapping the provisioning 
capacity and the multiple ecosystem services’ use flow of the 
Maamora forest. It is also intended to assess this approach’s 
relevance in designing and implementing innovative forest 
ecosystem management plans that best conciliate between 
the user populations’ pressing needs and the natural resource 
sustainability requirements (Laaribya et al. 2021).

Area of study

 The Maamora forest is located in Northwestern Morocco 
close to the Atlantic Ocean (Fig. 1). It is subdivided into five 
cantons, three of which (A, B, and C) will be concerned by 
this study. The topography is flat. The geological formations 
are primarily Pliocene to Pleistocene marine deposits (Aafi et 
al. 2005a), with sandy soils overlying a clay substrate. They are 
classified as aerosols according to the WRB nomenclature (FAO/
IUSS 2006).
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 The study area is dominatd by a Mediterranean climate 
with a dry season generally begining in late April or early May 
and extending through October (Aafi et al. 2005a). The spatial 
distribution of forest cover is illustrated by the stand type map 
(Fig. 1). It shows that more than 75 % of the study area is made 
out of natural stands of cork oak (Quercus suber L.), endemic 
species of the Mediterranean-Atlantic. The other stands are 
based on exotic species such as: Eucalyptus camaldulensis 
D., Eucalyptus cladocalyx F., Eucalyptus gomphocéphalla DC., 
Eucalyptus gradnis W., Acacia molicima D., Acacia cyclops 
A., Pinus canariensis C., Pinus pinea L., Pinus radiata D., Pinus 
pinaster Aiton., and Pinus halipensis Mill.

MATERIALS AND METHODS

 This study is intended to develop spatial maps of some 
ecosystem services in the study area by distinguishing the 
capacity of their production by forest ecosystems as well as 
their flow. It is also sought to produce maps of spatial balance 
between capacity and flow for two ecosystem services taken 
as examples. Furthermore, it will provide tables of both 
capacity and flow accounting by ecosystem and at the level 
of each territorial unit. Such tables will serve as as a first draft 
of the ecosystem accounting drawing up.

Ecosystem Services’ choice

 This assessment emcompasses ecosystem services 
coming out of interviews lead with the Department of Water 
and Forestry officials and representatives of the few rural 
communes and NGOs. Similarly, the choice was oriented to 
step the guidelines of the International Common Classification 
of Ecosystem Services, covering a range of ecosystem services 

representing categories of provisioning and regulation, as 
well as cultural ones (Chan et al. 2012, Fagerholm et al. 2012).
 The list of selected ecosystem services and assessment 
indicators in the study area are showens in Table 1.
 The indicators used (Table 1) for the spatial assessment of 
ecosystem service capacity and flow provide relevant, reliable, 
and accurate measures (Burkhard et al. 2012). These measures 
generally correspond to annual averages per hectare. The 
reference year is that of 2016 as it corresponds to the new 
Maamora forest management plan launching (DEF 2015).

Spatial units

 The spatial units taken as the basic unit for determining 
the average values of ecosystem services were defined taking 
into consideration the recommendations of the SEEA (System 
of Environmental-Economic Accounting). Such system, 
undeniably allows for the human and institutional dimensions 
in the establishment of ecosystem spatial accounting. Thus, 
two spatial units are to be distinguished:
 - The administrative units are defined according to the 
division of the territorial communes. It benefit from the 
revenues generated by the forest products’ valorization.
 - The traditional grazing units for livestock and Firewood 
harvesting rights are quite granted to the user tribes.

Spatial models of ecosystem service capacities and flow 
patterns

 Considering the collected data sets, the spatial 
mapping was based on distinct spatial models according 
to the selected indicators (Schröter et al. 2014) as indicated 
in Table 1. The used data are from the stand types’ map 
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Section Supply Control
Cultural 
Activity

Ecosystem 
services

Forage 
(grazing)

Lumber and 
industrial wood

Firewood Cork Acorns Carbon storage
Recreational 

hiking density

Indicators SLU∙ha-1 m3∙ha-1 stere∙ha-1 stere∙ha-1 t∙year-1 mg∙ha-1 km∙km-2

Table 1. List of selected ecosystem services and assessment indicators

Note: SLU is Standard Livestock Unit.

Fig. 1. Forest stand type map
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established as part of the Maamora Forest management 
study (DEF 2015). It is carried out, after determining 
the useful area, based on preliminary interpretations; 
stratification criteria; choice of symbols; delineations of 
strata; verification of strata in the field; final interpretation; 
drafting of the map and cutting into parcels.
The area of forest stands scheduled for harvesting is 
showed in Table 2.
 The data sources used in this study are as follows:
 - The cutting program was established in the framework 
of the Maamora Forest management study (DEF 2015). This 
plan defines the annual program.
 - The average annual area of the programmed forest 
area was calculated by species and/or type of silvicultural 
operation, as well as by administrative unit (Tab.2). 
 - The average yields of forestry cuts. Knowing that they 
vary significantly depending on the species, its age, as 
well as the considered type of silvicultural and harvesting 
operation, their yields were estimated based on the analysis 
of data from auctions conducted between 2004 and 2014.
 - The results of the research conducted on (i) carbon 
storage in forest stands in the Maamora, (ii) Firewood 
removals, (iii) grazing, (iv) recreation and leisure.
 - Socio-economic data from the general population 
census.
 - Forest tracks were assimilated to hiking trails. Their 
plots were used for both the capacity maps’ development 
and the recreation trails’ ecosystem service.

Spatial Balances of Ecosystem Services

 The balances were created for two services: Firewood 
and livestock grazing. These services are the major 
constraints faced by forest managers in relation with the 
realization and success of forest ecosystem restoration, 
recovery, and enhancement projects.
 This type of spatial map makes it possible to delimit 
as precisely as possible the strong pressure prone areas 
regarding a given service, or those with unused production 
potential by measuring the involved quantities using 
appropriate indicators.

RESULTS

Harvesting of lumber and industrial wood

 The analysis of the capacity (Fig. 2a) and flow (Fig. 3a) 
maps of the ecosystem service of the lumber and industrial 
wood harvest show high spatial variability. The high spots 
of this service are almost localized in the eastern parts 
of the two cantons B and C of the Maamora Forest. The 
scattered patches’ form is rather observed in canton A.
 This situation is explained by the spatial distribution 
of artificial stands, particularly Eucalyptus plantations, 
which contribute up to 96  % of this ecosystem service’s 
production capacity, estimated at 302,607m3 (Table 3). 
These plantations were mostly located in the eastern 
parts of the Maamora subject to human pressure, climate 
severity, and capricious edaphic conditions (Dahmani 
2006, Laaribya et al. 2013).

 This spatial variability also characterizes the levels of 
its supply capacity; it thus rises, according to the zones, 
from 0.1–1.5  m3∙ha-1∙yr-1 to more than 43  m3∙ha-1∙yr-1. This 
difference is directly related to the planted stands’ type and 
the planned cuts’ nature during the management period 
under consideration (Table 2). It is also influenced by the 
effects of the new management objectives’ implementation 
set to convert artificial woodlands in areas of regeneration 
and recovery of the cork oak’s natural stands.
 The flow map (Fig. 3a) remains largely comparable 
to that of capacity (Fig. 2a), given the implementation 
rates of previous management plans. It vary significantly 
depending on the stands’types as well as on the failure 
to take into account the illegal cutting phenomenon of 
Eucalyptus wood poles that is obvious in certain forest 
areas. Such situation results in a flow of this service set at 
224,515 m3∙yr-1 on the scale of this study.
 Thus, the achievements’ analysis of the cited above 
management plans reveals that the intervention program 
concerning pine stands is the most well respected with a 
success rate of nearly 85 %, followed by that of Eucalyptus with 
75 %, and lastly Acacia-based plantations with barely 42 %.

Firewood harvesting

 The capacity map for the ecosystem service of 
harvesting Firewood shows a clear distinction between 
the southern and northern parts of the study area (Fig. 
2b). The former area has a capacity of little more than 
0.5  stere∙ha-1∙yr-1, while the latter has higher levels with 
up to 41  steres∙ha-1∙yr-1, in some places. This high spatial 
variability in this service capacity is the result of the cover 
heterogeneity of the artificial forest stands as previously 
mentioned.
 The supply capacity levels of this service are also 
impacted by the recommended conducting rules for 
these series of cork oak. The realization of regeneration 
operations was done only by whole plot under cover 
of trees, considering the total absence of regeneration 
either by stump sprouting or by natural seedlings. The 
silvicultural maintenance operations (Table 2) in the form 
of depressing, pruning, formation pruning, and thinning 
are also defined for young stands of the cork oak.
 The flow map of these services (Fig. 3b) was also 
established by applying the same implementation rates of 
the previous management plans except for the cork oak 
series. It is noted a solemn commitment on the part of the 
forestry administration officials to meet the challenge of 
the reconstitution and restoration of the Maamora original 
ecosystem, through a strict application of the dedicated 
silvicultural conducting rules by capitalizing on past failure 
experiences. This will raise the contributing share of these 
natural stands in this service flow to nearly 58 %, followed 
by plantations of Eucalyptus with 28 %.
 Firewood harvesting by local populations was also 
taken into consideration when mapping this service flow. 
Considered as the primary beneficiaries, they have the 
right, as enshrined in the current forestry law, to collect 
dead wood lying around to satisfy their domestic needs for 
heating and cooking. However, these uses have evolved 
and have been, over the years, transformed into almost 

Types of 
forest cutting

Silvicultural cuts Regeneration and maintenance of cork oak stands
Cork harvest

Pine Acacia Eucalyptus A B C Total

Area, ha 6867 2624 10,965 8286 2021 3126 13,433 89,343

Table 2. Area of forest stands scheduled for harvesting

Note: A – area to be regenerated on 1st pass; B – area to be maintained on 1st pass; C– area to be regenerated on 2nd pass.
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Fig. 2. Maps of the ecosystem services capacity: 2.a) Lumber and industrial wood harvest, 2.b) Firewood harvest, 2.c) Cork 
harvest, 2.d) Forage production, 2.e) Acorn gathering, 2.f) Carbon storage, 2.g) Recreational hikin

(a)

(c)

(e)

(b)

(d)

(f)

(g)
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generalized criminal practices, in search of new financial 
resources to improve their standard of living through 
direct sale to the nearest urban centers, whether it be raw 
firewood or transformed into charcoal wood.
 This uses’ mutation is mainly due to the vertiginous 
bordering urban zones’ sprawl and the subsequent needs’ 
increase in terms of woody fuels used in the functioning of 
the bread ovens, the brick factories, the Moorish baths, the 
pressings and others (Bendaanoun 1996, Hemmich 2003).
Thus, the firewood flow varies very significantly spatially 
without a particular noticeable trend. It is estimated at 
less than 1.4 stere-1ha-1∙yr-1 particularly in the southeastern 
part of the study area and can reach the threshold 
of 160  stere-1ha-1∙yr-1 in its eastern part, where a large 
population is concentrated within rural settlements which 
are considered as black spots in terms of wood cutting 
offenses (Aafi 2007).
 That explain the hight level of flow wich represent 
more than three times of the supply capacity estimated at 
49,816 steres∙yr-1, wich is an average of overharvesting rate 
equal to 1.66 steres∙ha-1∙yr-1 (Table 3). Moreover, referring 
to the results of the spatial balance map (Fig. 4a), this deficit 
rate varies significantly between communes, ranging from 
1 to more than 4 steres∙ha-1∙yr-1.

Cork harvesting

 The spatially explicit maps of cork harvesting capacity 
and service flow (Fig. 2c and 3c) accurately reflect the 
condition and structure of cork oak stands, the history of 
past harvests, which are set at 5 with a 9-year rotation, and 
the regeneration efforts of this natural species undertaken 
in recent years by the forestry administration.
 The western parts containing the most preserved 
stands show the highest capacity levels, reaching up to 
6.4 steres∙ha-1∙yr-1 in their northern and southern extremities. 
However, the eastern portions show low capacities of only 
1.1  stere∙ha-1∙yr-1, particularly in its highly disaggregated 
northern areas. The latter are classified in high proportion 
in the regeneration management group.
 This spatial heterogeneity in this service provision, 
estimated on average at more than 77,261 steres∙yr-1, could 
have been more pronounced if the stands’ density factor 
was taken into consideration, instead of being assessed 
solely based on average production yields of reproductive 
cork and male cork estimated respectively at 8.36 and 
0.28  steres∙ha-1 throughout the study area (Hammoudi 
2002, DEF 2015).
 The yields’ diversity remains very much influenced by 
the still young age of the regeneration perimeters carried 
out under the conversion programs of the old artificial 

plantations. These plots, covering nearly 15 % of the surface 
area of cork oak stands, will only be partially affected by the 
cork harvesting program during the current management 
period. (Hammoudi 2002, DEF 2015).
 The flow map of these ecosystem service (Fig.3c) was 
established on the basis of the implementation rate of 
previous cork harvest programs. This rate is estimated at 
96%, which shows the importance given to this sector.
Although this ecosystem service flow is subject to better 
control and regulated organization through two stages 
with a separation between the operation of exploitation 
and sale, Moroccan cork production remains poorly 
valorized. It is mainly destined for export, with varying 
degrees of transformation (raw, semi-worked and worked 
cork) (Hammoudi 2002).

Forage

 The forage production capacity map (Fig. 2d) 
accurately expresses the equilibrium pastoral load that 
determines the small livestock units’ number that a grazing 
area can support without compromising its sustainability. 
It illustrates the potential for forage production, which is 
highly differentiated between the natural and artificial 
stands in the study area.
 This potential is estimated at 300 Forage Unit (FU)∙ha-1∙yr-1 
for cork oak stands (FU: Forage Unit), 50 FU∙ha-1∙yr-1 for hardwood 
reforestation, and 40  FU∙ha-1∙yr-1 for softwood plantations 
(Laaribya et al. 2013, 2021; DEF 2015). Knowing that these average 
yields vary significantly from one year to another depending on 
the recorded rainfall volume. They are also highly sensitive to the 
nature of soils, density, and structure of stands (M’hirit et al. 1995, 
Benabid 2000, Aafi et al. 2005a).
 Based solely on the stand types’ map, the capacity 
map produced in this way broadly follows a northwest-
southeast gradient, with a near-dominance of the capacity 
threshold of 1 Standard Livestock Unit (SLU)∙ha-1∙yr-1, 
delivered by the cork oak-based areas of different density 
classes. These forests’ stands provide more than 95  % of 
the average annual capacity of this service, estimated at 
54,941 SLU.
 The flow map (Fig. 3d) provides information on the real 
pastoral load, defined as the load imposed on the grazing, 
evaluated annually at 178,303 SLU (Table 3). Since this is 
an ecosystem service whose flow is defined as a right of 
use recognized by the riparian populations, organized into 
traditional tribes delimiting 5 spatially distinct pastoral 
parks, this map shows a variation in flow levels that is very 
perceptible at the territorial level.
 Thus, the map of spatial balance (Fig. 4.b) shows a 
positive balance of 0.4 SLU∙ha-1∙yr-1, recorded at the level of 
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Peuplement

Firewood harvesting 
(Stere/year)

Harvesting of timber 
and industrial wood 

(m3/year)
Forage (SLU/year)

Cork Harvesting (Stere/
year)

Carbon 
storage 
(MgC)

Acorn 
gathering 

(Tonne/year)

Capacity Flow Capacity Flow Capacity Flow Capacity Flow Capacity Capacity

Acacia 4 526 12 234 4 464 1 857 402 546 168 872

Eucalyptus 13 744 46 627 292 729 218 083 1 543 4 325 1 430 545

Pin 3 369 9 453 5 415 4 576 600 1 421 202 331

Chêne-liège 28 177 99 463 52 396 172 011 77 261 74 170 6 869 864 34 487

Vide 33 078

Total 49 816 167 777 302 607 224 515 54 941 178 303 77 261 74 170 8 704 689 34 487

Table 3. Accounting tables for ecosystem services
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the pastoral park of Ameur-Haouzia, while it is negative in 
the other four parks with overgrazing rates ranging from 
0.6 to over 3 SLU∙ha-1∙yr-1.
 This observed variability between the different pastoral 
parks is also the expression of the related differences in 
terms of the number and composition of the herd, the 
extent of irrigated and rural agricultural areas, as well as the 
mode of herd management, supplementation in fodder 
units used by households as well as their standard of living 
(DEF 2015). It is known that supplements only contribute 
up to 25 % of the herd’s needs in fodder units, and nearly 
8 % for useful agricultural areas (UAA) dominated by high 
value-added crops such as arboriculture to the detriment 
of high-balance cereal crops forage.

 Thus, the flow levels vary from less than 0.4 SLU∙ha-1∙yr-1 
in a few terroirs in the northeast, to nearly 6  SLU∙ha-1∙yr-1, 
mainly in the terroir located southwest of the study area.

Acorn gathering

 The acorn production capacity map of the cork oak (Fig. 
2e) highlights a clear territorial variability, with a distinction 
between the eastern and western parts. It shows capacity 
levels ranging from less than 0.1  t∙ha-1∙yr-1 to more than 
0.7  t∙ha-1∙yr-1. Which reprsents an average annual capacity 
of 34,487 tons.
 This substantial territorial heterogeneity is the result 
of considering the density criterion in the evaluation. 
Thus, if an average production yield of a cork oak tree was 

Fig. 3. Maps of the ecosystem services flow: 3.a) Lumber and industrial wood harvest, 3.b) Firewood harvest, 3.c) Cork 
harvest, 3.d) Forage production, 3.e) Recreational hiking

(c) (d)

(e)

(a) (b)
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estimated at 6 kg∙tree-1∙yr-1, the number of trees retained by 
density classes is estimated at 250 tree∙ha-1 for the dense 
class, 150 tree∙ha-1 for the medium dense class, 75 tree∙ha-1 

for the light class and 25 tree∙ha-1 for the sparse class (Aafi 
2005b, DEF 2015).
 The flow map of this ecosystem product has been 
considered identical to the capacity map since all the 
acorns produced are assumed to be consumed in full. Thus, 
its flow is mainly ensured by the local populations who 
are almost systematically involved in the acorn collection 
activity, either for self-consumption or for marketing.
 In recent years, it is observed that acorn harvesting is 
used to harvest as many acorns as possible at an early stage, 
not only in times of shortage to feed livestock, but rather to 
maximize the profits generated from sales in urban centers.

Carbon storage

 The map of the carbon storage capacity (Fig. 2f ) shows 
a very marked spatial variability, from less than 12.5 MgC∙ha-

1∙yr-1 in some isolated and very bare areas, to more than 100 
MgC/ha/yr in the parts covered by dense stands of the cork 
oak, contributing to 79  % of the annual average capacity 
estimated at 8.7 Tons of Carbon (Table 3). This variability 
reflects the heterogeneous distribution of forest cover, 
especially since the assessment was based on both the 
types and densities of stands.
 Capacity varies significantly, depending on the density 
classes, from 65 to 237 MgC∙ha-1, with a mean value of 121 
MgC∙ha-1, concentrated mainly at the level of the soil and 
tree biomass with nearly 51 % and 47 % of the total carbon 
stock respectively (Oubrahim et al. 2015). For the Eucalyptus 
stands, an average yield was fixed at 154.55  MgC∙ha-1, 
considering the dense class dominance for more than 93 % 
of the covered area and whose carbon stocks fluctuate 
according to the compartments, depending on the number 
of their rotations (Boulmane et al. 2017). This average value 
was also retained for Acacia stands and reduced by 50 % for 
resinous forests’ stands.
 The flow map was considered similar to the capacity 
map, knowing that the carbon flows released by the rural 
user populations remain very low as compared to the 
stored quantities by the forest ecosystems. Nevertheless, 
given that the Maamora forest is located between three 
large cities in Morocco with a very high urban density and 
a declared ambition to develop the industrial sector, a more 
thorough study, taking into consideration the final users of 
this ecosystem service, would be useful to better measure 
the major environmental role of this ecosystem in carbon 
storage at a regional or even national and global spatial scale.

Recreational hiking

 The ecosystem service capacity map for recreational 
hiking (Fig. 2g) simply reflects the trail network, which is 
made up of both hiking trails and main trails. These trails are 
taken as territorial boundaries between municipalities or as 
boundaries between the main management groups that 
divide the Maamora forest stands.
 It is only at the level of the five (5) dedicated recreational 
sites where it is noted a high density of trail network created as 
part of recreational development projects to accommodate 
the public (CRF 2011, El Mokaddem 2016). Outside of these 
natural areas, there is a strong capacity for recreational 
hiking; the capacity to provide this service remains almost 
equal, over an area exceeding 43,000 ha, or nearly 60 % of the 
area of the study area.
 This ecosystem service’s flow  (Fig. 3e) shows that 
it is delivered to village hikers along spatial corridors as 
delineated and defined by the grid network of forest roads. 
However, it is also delivered within the five recreational 
sites created within the study area to accommodate a 
high proportion of urban visitors. Thus, flow levels are 
highly variable. They range from less than 5  hikers∙ha-1 
to nearly 500  hikers∙ha-1 on weekend days in the spring 
and summer seasons. This high frequentation is recorded 
mainly at the recreational sites located in the northern and 
southern extremities of the western part of the study area. 
These high ratios greatly reflect the pressure of visitors 
coming from the main metropolises: Rabat, Salé and 
Kenitra, frequenting those sites being accessible through 
the main national roads (CRF 2011, Laaribya et al. 2013, El 
Mokaddem 2016).

DISCUSSIONS

 The application of the ecosystem services mapping 
approach as a tool for sustainable management of forest 
ecosystems was based based upon seven ecosystem. The 
latter are intimately linked to the management objectives 
assigned to the Mamora Forest by its management plan, 
as well as to the commitments made by the country in 
the framework of the Convention on Biological Diversity 
and the Aichi targets (DEF 2015, CBD 1992). This choice 
also takes into consideration the multiple, sometimes 
contradictory, expectations of the different actors involved 
in defining the future of this natural area (DEF, 2015, Laaribya 
& al., 2021), known for its particular characteristics in terms 
of structure, health and physiology, as well as the fragility 
of its physical environment (García-Nieto & al. 2015).

Fig. 4. Ecosystem services spatial balances: 4.a) Firewood harvesting, 4.b) Forage production
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 In this regard, it is important to specify that the 
management study of the Mamora forest was carried 
out according to approaches based on the participation 
and adhesion of the riparian user populations, as well as 
of all the local actors involved in its management so as 
to guarantee a better valorization of the forest resources 
and to improve their contribution in the local economic 
development efforts (DEF 2015). The main management 
objectives assigned to the forest of Mamora aim its 
suberaie rehabilitation to ensure its sustainability, while 
improving its functions of reproduction cork and fodder 
units’ production, and of neighboring towns’ protection 
against wind erosion. 
 The sustainable management of forest areas inevitably 
implies taking into account their production capacities 
in terms of goods and services, often competitive, with 
regard to the various users and actors concerned. This 
requires compromises to be made on the temporal and 
spatial levels by the different users, including in particular 
(i) users with rights to harvest dead wood and to graze 
their livestock within well-defined territories, (ii) the 
territorial communes benefiting from revenues resulting in 
particular from the forest products’ sale such as cork, timber 
and industrial wood, as well as firewood, (iii) the companies 
in charge of forestry work (iv) manufacturers involved in 
the activities of the forest products’ valorization to various 
degrees, (v) hikers interested in leisure and recreation 
activities, (vi) neighboring urban populations in search of a 
clean environment, as well as the international community 
urging more conservation of nature and biodiversity for 
better adaptation and mitigation of the climate change 
phenomenon (DEF 2015, Maes & al. 2018).
 Based on the above, the mapping of ecosystem 
services by distinguishing the capacity of their production 
and the flow of their provision, constitutes a better tool 
for assessing both the bio-physiological characteristics 
of forest ecosystems, as well as the impacts induced on 
the different user groups concerned by each or a group 
of forest ecosystems. Spatial identification of service 
provision hotspots (SPHs) and degraded areas can better 
inform decision-makers on how to implement rational, 
sustainable, and equitable forest resource management. 
Understanding the flow of ecosystem services and the 
capacity of ecosystems to generate these services is an 
essential element for understanding the sustainability of 
ecosystem use as well as developing ecosystem accounts 
(Palomo et al. 2012, Schröter 2014). 
 In this sense, the spatial balances created between the 
capacity and flow of ecosystem services are of particular 
interest in this regard. They allow a fine and precise analysis 
of the ecosystem services’ use sustainability , as in the 
case of firewood production or cattle grazing taken as an 
example in our study. This corroborates the results obtained 
in several studies conducted in this area (Schröter et al., 
2014, Burkhard et al, 2012; Nedkov et al. 2012). Similarly, 
the ecosystem services’ accounting table for both capacity 
and flow (Table 3) can be a first step towards establishing 

environmental or ecosystem accounting (SEEA-EAA 
2012, Schröter et al., 2014). It displays information that 
is as relevant as it is reliable for establishing sustainable 
management of forest ecosystem. In fact, this type of table 
can be constructed according to different possible spatial 
units (territorial communes, pastoral park, tribal terroir, etc.). 
This makes it possible to show the differences observed 
between the intrinsic potential of forest ecosystems to 
provide ecosystem services and the current levels of their 
use. 
 The use of these tools that support the implementation 
of an ecosystem accounting system as well as of the 
ecosystem service mapping approach, by distinguishing 
between capacities and flows, are fully in line with the 
guidelines advocated by both the SEEA and the TEEB 
(SEEA-EAA 2012, TEEB 2010).
 This work’s ES mapping results can support sustainable 
management of natural resources and spatial planning. 
They can also be applied to the development of nature-
based solutions for social and economic challenges as 
well as in environmental education to share information 
about the importance of ecosystems for ES delivery and to 
promote choices supporting the sustainable use of those 
precious ecosystems. It’s based on a better understinging 
of the interactions between land management, ecological 
processes and ecosystem service provision. Indicators 
can help to better understand these interactions and 
provide information for policy-makers to prioritize land 
management interventions (Geneletti & al. 2020, van 
Oudenhoven et al. 2012).

CONCLUSIONS

 Spatial mapping of ecosystem services is a new 
approach to forest ecosystem assessment and analysis. 
It provides a better understanding of the complexity of 
attributes, uses, and direct and ultimate beneficiaries of 
multiple and diverse ecosystem services.
 Based primarily on the stand type map and 
management plan for the Maamora Forest (DEF 2015), the 
produced spatially explicit ES maps are of great value in 
presenting the assessment results of the capacities and 
flows of each ecosystem service. This way of quantification 
and specialization is a new technique for guiding natural 
area management decisions towards more spatial and 
territorial equity and trade-offs in pursuit of forest resource 
conservation and enhancement goals.
 Spatial balance maps and ecosystem accounting tables 
at different reference spatial units contribute greatly to 
this perspective. The determination of hotspots and cold 
ones, as well as the easy comparison between territories, 
by type of ecosystem service, can only offer managers and 
stakeholders the necessary information to make decisions 
in a clear and documented way. Such decisions should 
be defined based on a compromise between the range 
of ecosystem services of forest ecosystems, and between 
their different direct and final beneficiaries.
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