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EXECUTIVE SUMMARY

In 1991, the United States Agency for International Development (USAID) sponsored a study
to devise methods for investigating the effects of urban growth on the natural resources of
T6touan, a city in nonhern Morocco. This study is the third undertaken in a tri-pan series to
examine the effects of urbanization on the developing world; two previous studies focused on
economic growth and public health issues.

The examination of urbanization's effect on T6touan's natural resources had two goals: to
alert host-country officials to the environmental problems caused by urban growth and to
establish cdteria that USAID could apply elsewhere in detennining which nature! resources
are most threatened by urbanization. These criteria could then be used to set priorities when
making investments in developing nations.

Before going to T~touan, the study team developed "a methodological framework that coul~ be
applied to any city or region. Using this framework, team members would identify a key
natural resource, such as a river or a wetland, for example, and then determine the resource's
size and importance. With this physical survey done, the team would then ascertain the
extent to which the resource was jeopardized by an urban-related activity, such as the
constluction of housing or the release of effluents by an industry.

Located 4S kilome~~1'S south of the Strait of Gibraltar, T~touan was chosen to be the test site
for this methodology at the behest of the USAID components that sponsored the study: the
Office of Housing and Urban Programs (APRE/H) and the Office of Development Resources,
Bureau for Europe and the Near Bast (ENE/DR). A city that has grown rapidly, and
somewhat haphazardly, in the past two decades, T~touan now has a population of 300,000,
md some analysts predict that the population will reach 500,000 in the next 20 years. Like
many other rapidly growing cities in developing nations, T~touan depends heavily on its
immediately surrounding area to provide such resources as fuel, water, and building materials.

The study team ranked the" threats to the T6touan ~a's diverse natural resources as severe,
" moderate, or slight. Four natural resources were considered to be severely threatened: 1)

coasta1larid and water;"2) tetrestrial flora; 3) freshwater downstream of T~touan; and 4)
wetland flora and fauna. As the city of T~touan has expanded over the years, these critical
resources have become more and more degraded.

According to the study team, plantation forests and freshwater in the immediate vicinity of
'J;'~touan are moderately threatened, and a,griculturalland and marine fisheries are only slightly
.threatened by the city's rapid growth.

.The damage to T~touan's coastal lands comes from two sources. The fIrst, commercial and
residential development of" the &lea's beaches, is not, strictly speaking, the direct result of
urbanization. It is instead caused by the growth of tourism in the region. However, the
second source of hamt, the removal of sand for use in construction, stems directly from
urbanization and results in the erosion of sand dunes. T~touan's coastal"waters also are

I



gravely endangered by urban growth. Sewage disposal, livestock grazing, and solid waste
disposal all pollute coastal waters, thus jeopardizing both the local ecosystem and the

. expanding tourist industry.

As urban development encroaches on coastal !and and water, T6touan's spread severely
jeopardizes the area's terrestrial flora. Increasingly, land once covered by natural vegetation
is put to other uses, such as subsistence agriculture or grazing for liveatock. Within the next
20 years, much of the local flora may disappear.

The degradation of resources is by no means confmed to the immediate vicinity of T6touan;
water downstream from the city is polluted by untreated wastewater discharged into the Marti!
River.

Human activities severely threaten wetland flora and fauna. As coastal lands are developed,
connections between the major wetland in the area, Lac Smir, and the Mediterranean Sea
become more tenuous. The construction of a dam at Lac Smir and the dike on the coast have
effectively cut the natural flow of fresh water and seawater into the wetland. As a result, the
composition of the water in the wetland has changed and the types of flora and fauna
prevalent in the wetland area have changed as well. One dramatic result of this change is the
increase in the insect population, a phenomenon ebat may directly affect tourism.

The urbanization of the T6touan area poses a moderate tlLreat to the region's plantation
forests. As the city grew, the demand for wood te, use as fuel (for brick kilns and bath
houses) grew as well. In addition, new forest growth is being systematically removed both to
prevent the spread of fIres and to provide employment. There is a reforestation program to
counteract the effects of these losses, but people who converted forests into agricultural land
are opposed to reforestation.

Also moderately threatened by urbanization, Tetouan's freshwater supply is intimately linked
to the fate of the area's plantation forests. Although a dam has re~tIy been compl~ted,

pollution and constraints on the supply of water may cause a water.shortage within 10 or 12
years.

Agricultural lands and marine fISheries are the natural resources least threatened by the
process of urbanization. Although both resources are economically important and have
experienced major changes, they are not in jeopardy as a result of Tetouan's growth. Also,
they do not have an immediate impact on the quality of life in the city.

All of these threats to the natural resources of Tetouan can be mitigated, at least to some
extent, by human intervention in the fonn of technology or of policy decisions. Although the
study team was not charged to suggest appropriate courses of action for USAID or the
government of Morocco, the report concludes with a set of brief recommendations for follow­
up studies and activities.
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.1.0 INTRODUCTION

Dwing recent years the U.S. AgeT.lcy for International Development has devoted considerable
attention to the phenomenon of increasing urbanization and its relationship to the environment
in developing countries. Popula:cion gro~ in the developing world has placed tremendous
pressure on rural economies, predominantly agricultural, to support this growth. The result
has been a dramatic increase over the past 25 years in the trend toward rapid urbanization.
Historically this increase in urbanization has been attributed to urban migration driven by
deteriorating conditions in rural areas and the perception that more favorable ones exist in
urban areas.

The process has been age selective. Most immigrants are of child bearing age, with the result
that the phenomenon's rate is expected to accelerate, due now to rapid internal urban growth.
It is projected that by the year 2000 major percentages of developing countries' populatiol;1s
will live in urban areas.

Such areas, as centers of production and consumption activities, require raw materials as
inputs and expel waste byproducts as outputs. The pressure placed on natural resources as a
result of these activities, and the synergistic effect of their impacts, fonns the underlying
conceptual framework for this study.

This report is the result of a study jointly sponsored by the Office of Housing and Urban
Programs of the Bureau for Private Enterprise of USAID, Washington and the BU1'eau for
Europe and the Near East, Development Resources Office and the USAID Mission to
Morocco.. It is the third. study undertaken in a tri-part series designed to analyze the impacts
of urbanization from three distinctly different perspectives. The previous two studies focused
on human health and economic development; this study attempts to investigate the impacts of
urbanization on natural resources, focusing on an ecological perspective.

1.1 CONCEPT

The study attempts to analyze the relationship between urban activities and the surrounding
natural resource base and then to identify, quantify, and rank by degree of degradation the
resources directly impacted by urban related activities. Impacts were claSsified into two
major categories: "chemical impacts," those impacts related to activities resulting in urban
generated residuals, and "physical impacts," extraction, excavation activities that directly
impact the resource physically. The study was phased in two stages, each with distinct tasks
to be performed under the overall scope of work.

Stage I was aimed at developing a methodology that would allow for a rational framework in
the analysis of socio-economic growth and development ttands as they relate to the quantity

1-1
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and type of activities that result in both chemical and phys/.cal impacts on natural resources.
It also included preliminary analysis of data for a specific site. .

The primary task in developing the methodology was to develop an analytical framework that
would enable the detennination of I) the degree of imps.ct, both present and future, on the
resources identified; 2) the ecological, physical, and eCl"momic losses associated with those
impacts; 3) a ranking of resources adversely affected by these activities; and 4)
recommendations for managing impacts on the natura]. resources. The methodology should be
sufficiently universal in its design and approach to allow for replicable applications under
different settings and conditions. .

A secondary task under Stage I was to perfonn a ,,,re-site analysis using the methodology's
framework to examine available data and identify resource-activity-impact linkages that
appeared to warrant further investigation during dIe field work. This analysis also would
provide a preliminary idea for setting study boundaries and identifying key resources. The

.pre-site analysis would have to rely almost exclusi~ely on secondary source data.

.Stage n involved a field application of the methodology, which would test its effectiveness as
a tool for examining present resource impact as a result of urban generated activity and, in its

. capacity to project future resource impact based on data projections, it.' usefulness as a
planning tool for AID and host governments. The field application' also would serve to prove
or disprove some ·of the hypotheses regarding resource impact linkages that emerged during
£tage I. The field application site chosen by USAlD was T6touan, Morocco. .

1.2 THE STUDY TEAM

While on~ would assume that some of the phenomena and linkages in an analysis 'of
urbanization and resource degradation will be generic, the selection of the site will have a
defmite impact on the composition of the study team. Geographic factors such as a coastal
vs. landlocked site obviously will dictate the necessity for certain disciplines. In addition,
other variables linked to activities, e.g., does the site selected have a large indus!dal base,
also will influence the team. . .

Based on an. assessment of the site specific variables that were present in TlStouan, a study
team was assembled that brought together a mix of disciplines believed necessary to
accomplish the tasks. The study team consisted of the following:

• Natural Resource Economist with a specialty in forest economics;

• Environmental Engineer with a specialty in urban and industrial waste impact
on surface and ground water,

• Urban/Regional Planner;
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• Marine/Coastal Resources Specialist; arid

• Ecology/Bio-Diversity Specialist.

1.3 THE METHODOLOGY

Given the study's overarching pwpose to investigate urbanization's impact on natural
resources, the methodology was designed as a process to focus on the dynamic relationships
present in the population-activity-resource triad. As such, infonnation and data on population
and growth trends formed the foundation for the impact assessment.

Five distinct sequential steps are at the core of the methodological approach the team
developed:

1) Selecting the key'resources to be examined at a particular site.

2) QUantifying those resources in physical, geographic, productive, and/or
economic terms.

3) Identifying the urban-based activities that impinge upon the resources.

4) Quantifying the degree of impact of each of those activities in each resource.

5) R~g the re/Jources according to the ~everity of their degradation.

Site-specific conditions dictated which resources were considered either most relevant or
likely to be most vulnerable. The resources identified were then quantified to establish a

" benchmark or baseline for the variable. This was done on both a present and, depending on
data sources, an historical basis. Human activities including all potentially positive and
negative actions that would affect the quality and/or the quantity of the mJource were listed.
Through the utilization of a number of methods inclucijng rapid' appraisal te('bniques, direct
observation, and available secondary source data, the impacts on resources resulting from
aetivities were quantified. 'The methods used for quantifying the degree of impact varied
ac.cording to the activity-mJource relationship, the nature of the impact and the available
means for measurement, and data sources. Based on the results of quantification and
measureme~t of the impact, the level of impact was estimated and ranked as slight; moderate,
or severe.

The tool for recording these interactions was an impact matrix, setting human activities
against identified ~urceS. Activities were listed along the vertical~ of the matrix under
the general headings of chemical and physical.. After impacts were quantified and ranked as
high, medium, or low, the matrix was then used to compare the extent of the degradation in
relation to its relative importance or scarcity in physical terms. In addition to direct human
impaCts, the matrix allows for the description for the interdependent impacts among resources,

1-3
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for example the increased rate of soil erosion resulting from deforestation. It should be noted
that the rapid assessment techniques used by the team in gathering field! data would not
pennit an in-depth, quantitative analysis of resource impacts, but rather wel'e designed to
ascertain the capacity of the methodology to describe the relationships lmd to draw as clear a
picture as possible of present and future given the allotted time and data constraints.

1.4 RESOURCES

Three main categories of resources were chosen by the study team for analysis: land, water,
and biota. Air was not included in the study because air quality does not appear to be
significantly impacted upon by urban activities nor itself present a significant impact on. other
natural resources. Each of the three main resources was further defined into resource sub­
sets:

LAND

forest land
agricultural land
rangeland
wetlands
coastal land
urbanized land

WATER

groundwater
surface water
fIsheries

BIOTA

. habitats
species

Each resource sub-set was analyzed from three different perspectives:

1) The quantity of the resource from a present and where possible an historical
perspective. How much of the resource in question is there 'and where is it?
Example: Area under natural and/or plantation forest cover.

2) What are the key human'orban-based activities that impinge upon the resource?
Example: Commercial or infonnal fuelwood gathering.

3) What are the measurable impacts on the resource in "physical" and "chemical"
tenns? Example: Loss of forest cover.

1-4



2.0 THE SITE

Tetouan is located in northern Morocco, approximately 45 km south of the Strait of Gibraltar,
situated on the slopes of the Dorsale Calcaire (the coast' chain of the Rif Mountains)
overlooking the Martil River and the Mediterranean Sea (Figure 2.1). It is one of two major
urban centers on the Tingitanic Peninsula, the other being Tangier. While Tangier faces the
strait and is oriented toward the Atlantic Ocean, T~touan is situated about 7 km inland from
the Mediterranean along the Martil River.

Two features of Tetouan's recent evolution have been particularly significant. One is growth
in all directions, especially to the northeast along the route to Sebta. The other is ~he

development of large-scale facilities in the ~artil area that have had a decentralizing effect.
These include the industrial zone and the Faculte des Lettres on the road to Martil, the
teachers' college in the town itself, and the proposed sports complex and administrative center
in Touabel. In all likelihood, within the next two decades growth out from Tetouan and
growth out from Marti! will meet in a "mini-conurbation"· along the Martit road.

2.1 REGIONAL SETTING

The Tetouan region has experienced continual growth attributed to four aspects of the city's
. location. First, the Martit River provides a ready supply of fresh water. Second, most of the

city's land is high enough to avoid flooding dUring the rainy season. Further, mWllcipal
wastes can flow downhill into the Martil River without pumping. Third, the city's proximity
to the sea facilitates utilization of its resources. Finally, the city benefits from a climate
moderated by the MeditelTanean Sea.

Tetouan sits on a south-facing slope just inside the water gap dermed by the Martil River as it
passes through the Rif Mountains and enters the coastal alluvial plain. ~e periodically
inundated land along the river to the south of Tetouan restricted development in that
direction. The city has grown to the east, following the valley carved by the Martil, and to
the west, on the coastal plain between Tetouan and the sea.. Development to the east has
been primarily small-scale and residential, while development westward toward the sea has .
involved mainly larger scale industry and agriculture which can cope with the more difficult
hydrological conditions.

'Group of cities or larger towns.
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The Martil River is the largest river in the region, and it has traditionally supplied much of
the fresh water to T6touan. Extensive development also has taken place along the coast. The
coast region is bounded by Ras Mazari in the south and Cabo Negro in the north. In the
center of this coastal strip, just above the Marti! estuary, lies the town of Martil. The smaller
town of Azla is located next to the old estuary of the Marti! near Ras Mazari.

Martil is a fishing and summer recreation village that has become a suburb of T~touan. Since
the 1950s it has grown toward the north along the beach toward M'diq, bordering the left
bank: of the dead ann of the Marti! River. The area has a poorly articulated urban fabric with
extensive clandestine housing and minimal infrastructure.

Around the rocky heartland of Cabo Negro is the fishing village of M'diq. M'diq is
characterized by extensive clandestine housing, representing approximately 67 percent of all
built parcels. Almost half of its residents are employed at the port or .in the fisheries sector.

The Smir River has an extensive wetland near the mouth of Lac Smir, its estuary. North of
the Smir is the small community of Restinga Smir, and farther north is the town of F'nideq.
F'nideq is a summer recreation village that acts .as the entry pon to Morocco via Sebta. It,
too, contains several zones of c~andestiriehousing. Because the T6touan coastal area is an
important tourist destination for Europeans and Moroccans alike, the summer population
increases to three to four times that of winter for each of the three satellite centers.

The climate is typically Mediterran~an, with an oceanic influence. Winters are cool and wet;
summeis are hot and dry. Summer temperatures can exceed 35°C in the valleys and interior
basins. The coastal plain is warm and semiarid, while the uplands have a wann, subhumid
climate. A constant wind, the charqui, blows from the northeast at ground speeds of up to 35
kph. From November to March gharbi winds blow from the west and the Atlantic Ocean,
bringing rain.

2.2 REGION OF INFLUENCE

The study team applied a resource specific approach to determine the boundaries of the
Region of Influence (ROI). Consequently each of the resources examined--land, water, biota,
and their subsets--incorporated a unique geographical area influenced by the growth of
T6touan. The application of the resource driven approach for setting the boundaries of the
ROI becomes a salient component of the methodology.

The team elected to examine both direct and indirect linkages of urbanization which resulted
in the inclusion oi the three coastal satellite towns in the ROJ of most resources. These
satellite towns w~th whose economies T~touan has become intrinsically linked are Martil,
M'diq, and F'ndiq. .
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Land Resources. Among the RsOJ identified, coastal resources, plantation forests, and
agricultural lands, in addition to biotic resources, yielded the largest and the most diverse
ROIs. These are all categorized as land resources. .

The coastal zone was defined as land within about 500m of the shoreline, or at least to the
inland side of the coastal dunes, including the nearshore waters out to about the 20m depth.
The primary resources examined on the coastal zone were coastal forests, wetlands, estuaries,
dunes, beaches, and nearshore water. Interdisciplinary analysis was applied to delineate
linkages because the resources could be handled in other resource sectors, specifically forests,
biological resources, and water.

In defining the extent of coastline to be. included. in the study, assessments had to be made
about factors other than direct or indirect linkages to urbanization. Many activities are taking.
place along the coast, most notably sand excavation to satisfy the construction needs of urban
T~touan. The team further discovered that the construction of tourism developments in
supPort of T~touan'spromising tourist industry has become essential to the regional economy.
Although this activity is separate and distinct from the urbanization of T~touan city, the team
elected to include with the ROJ areas developed independently of the city whose
environmental degradation would irlIect·T6touan's economic future.

The largest plantation forest lies in the immediate vicinity of urban T6touan (Jbel Zem Zem .
V). However, the ROJ for this resource included areas beyond the province of T~touan,
specifically the neighboring provinc~s of Chefchaouen and Larache. The ROJ was expanded
because it was discovered that T~touan'~ deman~ for fuelwood could not be met by the
surrounding forest.

The ROJ for agricultural land was limited to f8ID1lands. The team determined that the
damage urbanization can have on agriculture results from a direct encroachment on f8ID1lands.
In addition, agricultural practices directly or remotely linked to urbanization (e.g., forest
clearing for planting purposes) can severely affect the natural resource base around a city
without being a direct urban impact. 11tis was true in T6touan which is known for its limited
agricultural sector.

Water Resources. The ROJ for water resources was defined as the region from which
T6touan, Martil, F'nid~, and M'diq satisfy their freshwater needs and discharge their
effluent. These localities rely on four watersheds for these needs. For the purpose of this
study, the team elected to focus on the larger and more productive MartiI and Smir basins.

The ~artiI watershed occupies 1220 km2 and is drained by the Marti! River, the Alila River,
and three other tributaries. The Marti! funnels into a large flood plain with a very high water
table. The Smir watershed has an area of 250 km2 an4 is drained by the Smir River, which
funnels into the alluvial coastal plain of M'diq.
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The Negro and Kendissa are smaller and make only a minor contribution to the overall water
budget of the region. The Negro watershed drains the Negro River and produces the lowest
annual runoff of the four watersheds. Together with the Kendissa River's watershed it has an
area of less than 150 km2

•

Further, the increased· construction of hydraulic ~tructures (dams, pumping sites, river water
intakes, dikes) and other facilities (water and wastewater treatment plants, wastewater outfalls)
beyond the city limits expanded the ROI for water resources. As a result, those areas directly
surrounding a utility and extending to where the impacts became negligible were included in
this ROJ. Subsequently, a distinction was made between sources of water located upstream of
T6touan and the satellite towns and sources of water located downstream which act as
receptors for used water. This approach facilitated a cleaner, more comprehensive description
and· quantification of activities and impacts.

Biotic Resources. Finally, the least extensive ROJ was that delineated .for biotic resources.
The team determined that the only sensitive and Vulnerable systems (lakes, wetlands, forests)
were located close to the city. Consequently, only the major ecosystems, fauna, and flora of
ecological importance under the influence of T~touanwere identified.

2.3 HISTORICAL DEVELOPMENT

T6touan's expansion commenced in the 1940s under Spanish administration. At that time,
Qevelopment was directed east toward Marti!. From 1970 to 1980 an influx of Moroccans
from Europe overcrowded the main city center, the Medina. Consequently, development
spread outside the city's nor$ern and eastern walls along the slopes of Jbel Dersa, spreading
westward in conjunction with persistent growth east toward Marti! and north toward Touabel
(Figure 2.2).

Around 1980, the Moroccan government set an exchange rate that would encourage returning
guest workers to repatriate their money. Next came a program of subdivisions (by both state
and priv~te land owners) that permitted people to buy serviced land for construction. Before
this, about two-thirds of housing construction was "clandestine," meaning that the owners or .
occupants of the house were squatting on government land and that no building permit had
been issued. The areas characterized by clandestine construction lack infrastructure. The. city
is trying to control this practice, and as a result, virtually all· new development in the past five
years has been clandestine housing up the slopes of the Dorsale Calcaire.

2.4 ECONOMIC FRAMEWORK

The unique history and recent growth of the T~touan region have generated a local boom
economy with a questionable foundation. R,egional economic growth in the 1970s and early
1980s was based on workers' remittances. Salaries earned abroad,' usually in the European
Community (BC), fmanced local growth as Moroccans returned home and settled in T6touan.
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With the imposition of mles restricting immigration by France and other Be countries,
Morocco faces significant unemployment in the 1990s and sustained migration into T~touan is
unlikely.

The coast also has been utilized for development. Tourist complexes serviced primarily by
T6touan and smaller communities are being constructed along the coast. A broad alluvial
plain with wide·sandy beaches north of the Martil River has proven to be ideal for
recreational development. To the south of the Martil River, the mountains come nearly to the
sea, preventing large-scale use of the waterfront.

Recent decisions by the central govenunent. indicate that the restrictions on trade that have
ordered commercial activity in T6touan are receding with general economic liberalization.
The dirham is scheduled to become fully convertible in 1993, coinciding with the advent of
trade liberalization in the Be, Morocco's largest trading partner (EIU 1991). With
convertibility will come further depreciation, making all imported goods relatively more
expensive, at least in the short term (especially thos.e priced in currencies in the European
Monetary Union). Moreover, strengthening international trade ties through GATT and the
Arab Maghreb Union (AMU) could lead both to removal of import tariffs and a crackdown
on illegal trade.

Descriptive information on the currept regional income is limited and the .most recent
available for the Province of T~touap was for 1981 (see Table 2.1). In 1981, public
administration accounted for approx~mately31 percent of the official sources of income
(parallel market activity not included) with commerce being the second most important area
of economic activity. Tourism has 6t=en designated a growth area and has increased in
importance and as a source of 'income from 2.4 percent in 1981 to an estimated S.O percent
today. It is significant to note that agriculture plays a relatively minor role in the regional
economy (2-4 percent of income compared with about 18 percent for the country as a whole).

Clandestine commercial activity or the parallel market is a significant part of the regional
economy but difficult to quantify. It is clear, however, from references in official documents
as well as discussions with local government officials :hat a significant flow of goods comes
across the border from Sebta to F'nideq without t~..e payment of customs, duties, or import
tax. Small appliances, clothing, and cosmetics make up the bulk of the illegal trade and are
transported to major retail centers in T~touan. It is estimated that 60 percent of those
identified as employed in trade are involved in the "parallel market" (RdM/MHAT, 1984a:
Economie, 21). A second part of the parallel market and potentially the larger part is the
production and marketing of cannabis as hasish or kif which finds its way into the European
market.

The commercial base of the economy, therefore, shou~d not be considered pennanent. In fact,
future hopes for economic expansion revolve around tourism development. The residential
building boom is geared toward high- and upper-middle income seasonal residents. However,
as in other tourist markets in Morocco, tourism infrastructure has outstripped current demand
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(BIU 1991): a significant number ofvacancies are apparent, even in the summer season.
There are, however, master plans for expansion of airport facilities at a number of cities in
Morocco, including T6touan, that would allow for handling increased numbers. A worldwide
recession and uncertainty stemming from Moroccan political instability over the Western
Sahara are the chief reasons for a short-tenn dip in tourist trade. In the longer tean, T6touan
will face significant competition from other Moroccan resort areas, chiefly Tangier.

The net result of all these economic trends is that growth of T6touan's economy is in the
midst of a significant correction, following the expansion of the post-migration period in the
mid-1980s. Current economic activity is based on trade and Seasonal tourism; long-tenn
growth of income and employment will depend not only on the growth of the national
economy (for which the forecast is generally optimistic) but on productive domestic
investment in tourism and successful competition against other Moroccan tourism regions.

2.5 POPULAnON AND EMPLOYMENT

The population of urban T6touan is currently estimated to be between 255,000 and 268,000
persons and for purposes of this study the figure of 268,000 is used (see Tab~e 2.2).
Available population data vary. Population projections to the year 2001 (REM/MHAT 1984a)
of the urban development plan (SDAU) completed in 1981 proved to be higher than those of
the census.

Another point of contention is the growth rate. Analysis of birth and mortality trends, verified
by field surveys, led the SDAU to posit a constant natural growth rate of 3.0 percent.
However the migration rate developed by SDAU (about 0.7 percent in 1991) is disputed by
the agencies charged with developing water supply and sewerage systems. One could
certainly argue the case for a lower immigration component of the growth rate, .basing the
claim on the economic outlook for Tetouan. On the other hand, the United Nations
Mediterranean basin study (EMP) currently under way bases its work on an anticipated 3.4
percent average annual rate from 1987 to 2000.

For purposes of this study, a range of 3.4-2.8 percent hW? been used. Adding the population
of the satellite towns brings the regional population to about 600,000. It would thus appear
that it is reasonable to assume that the urban population of the Tetouan region increases by
about 100,000 each decade. The next census is scheduled for 1992.

Recent data· on the employment structure in Tetouan is limited; however, available data
revealed significant unemployment in 1981 (35 percent against a national average of 9.6
percent) [RdM/MHAT 1984a]..Over the past ten years, unemployment in the province is
reponed to have remained high. Approximately 29 percent of the population was in the
"economically active population (EAP)" category, generally representing'that portion of the
population between the ages of 15 to 65 that is ready, willing and able to work. Assuming
the population of T6touan to be approximately 250,000·2;0,000 places the number of HAP at
72,000-78,000.

A comparison of sectoral employment and employment growth for Morocco arid Tetouan are
shown in Table 2.3. Public administration and commerce account for more than 40 percent
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Table 2.2. Population and Popu,'atlon Projections for Urban T4!touan

SDAU

DPRA Study Team

213,025 255,250

268,059

'!lir:i:i,!i;ii):iji!':I;~w~:i:;:~i:;:f!i::i'::;::i::;:

304;100

369,310

426,100

488,638

SDAU

DPRA tudy Team

----------Growtb Rate----------

4.4% 3.7%

3.34%

3.6%

3.07%

3.4%

2.8%

Source: RDM/MHAT,1984b.
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1
Table Z.l. Sources of Income as a Percent of Gross Domestic Product

in Morocco and the Provincf' of T~touan

Source
Morocco

1990
T6touan
1981lJ

::J •

Public Administration

Commerce

Manufacturing

Merchant/Financial Services

Buildings and Public Works

Transport & Communication

Tourism

Energy

Agriculture/Forestry/Fisheries

Other

Mining

Total

11 1990 data for T6tolian are not available.
y Parallel market not included.

Sources: BIU 1991, RdM/MHAT 1984a

,.
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15.7

20.2

17.5

11.9

4.9

5.2

O.S

3.4

17.7

3.4

100.0

30.9

22.2y

12.5

12.1

8.3

5.1

2.4

2.3

2.3

1.6

0.1

100.0



Table 2.3. Sectoral Employment and Employment Growth
Morocco and T~touan

Morocco T~touan

Jobs by Sector Rate of Growth Jobs by Sector Rate of Growth
1981 1960-1981 1981 1960-1981

(percent) (percent) (percent) (percent)

Public Administration 8.6 +14.0 21.8 +13.1

Commerce 5.8 +3.1 ·20.6 '" +9.6

Manufacturing 13.9 +10.0 19.2 +5.1

Merchant/Financial Service 11.1 +IS.0 16.1 +11.0

BuUdings/Public Wodcs 6.3 +27.6 11.6 +21.7

TranS!'0rt/Communication 2,4' +4.1 4.6 0.0

Tourism 0.5 +4.9 . 3.1 +15.7

Mining and Energy 1.1 +9.2 1.8 +26.6

Agriculture!Forest/F'ash 46,S +3.5 1.1 -9.8

Other 3.7 - - -
Total: 100.0 - 100.0 -

• Parallel market not included. judged to employ close to twice the number employed by legitimate commerce
(RdMIMI/PT 1991).

Sources: EIU 1991, RdM/MHAT 1984a
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of total employment in T6touan compared with only 14 percent for Morocco as a whole.
Local j~b growth has dramatically outstripped national job growth in both commerce and
tourism. It is worth noting that the Ministry of Interior's 1990 monograph on the provincial
economy estimated employment of 20,000 in the parallel market (almost twice the number
employed by legal commercial concerns).

This range was adopted as a mid range of rates suggested by several governmental agencies.
It considers the economic outlook of T6touan and the decreasing growth tate observed in
1972 to 1982 period.

2.6 CURRENT LAND USE AND INFRASTRUcrURE

2.6.1 Land Use

The total surface area in the T6touan study area is approximately 130,000 ha of which 3,000
ha are within T6touan's municipal boundaries. The urbaIiized area of Martil is approximately
372 ha ac:d that of M'diq, 143 ha. Most ofthe remaining area within the basin is in forestry,
farmmg, or is used for extensive grazing. This is shown in Figure 2.3.

The spatial organization of T6touan arid its satellite Martil is shown III Figure 2.4. Within the
municipal bo~daries of T6touan, 1450 ha are in housing (48%), 800 ha in public facilities
(27%), and 550 ha in the road network (18%). Outside the municipal limits but within the
city's zone of influence are another 3500 ha, which may someday be annexed to the city for
the purpose of infrastructure provision. At present T6touan consists of 14 neighborhoOds, of
which two are outside the municipal boundaries and one which is half within and half outside
the boundaries. The arrows indicate the directions that growth is taking: T6touan and Martil
are growing towald each other, essentially on agricultural land.

The urban fabric has been shaped by several unique factors that are likely to continue if no
countenneasures are taken:

A linear conf"l2UI'ation. The historic development of the city has been on an east-west
axis, later extending tow8rd the northeast and M'diq.

A unique pole of attraction. Like most Moroccan cities, the M6dina and the city
center fonn T6toUB-:l'S center of gravity for commercial development. They represent
the coexistence of traditional and modem, an important element of social cohesion.

A belt of clandestine housin.,g. Because of the limited absorptive capacity of the
M&iina and geographic constraint~ within the municipal boundaries, a belt of
clandestine housing has developed along the flanks of Jbel Dersa that includes the
neighborhoods of Samsa in the west, Dersa in the center, and Touelah in the northeast.
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Leapfrog development. The rest of the urban area is characterized by dispersed
settlements located around facilities such as hospitals or educational institutes or
within private or public fjubdivisions.

Peri-urban centers. There is a· functional relationship between these areas and the city.
T6touan has an influence over Iheir spatial development and these centers have a
direct effect on the orientation of urban development. The most significant
community development is east along the road to Sebta, followed by tha~ along Ihe
route to Marti! and fmally along the route to Cued Laou. Boujdad, for example, a
neighborhood on the southern bank of the Marti! River, outside the municipal
boundary but closer to the center of town than many neighborhoods within the city, is
expected to increase by a factor of 19 (2600 to 50,000) within the neXt two decades.

2.6.2 Infrastiucture

T6touan is relatively well served by the standard components of urban environmental
infrastructure, even though there are some problems. Almost 8S percent of its households are
connected to the domestic water supply. There are currently pressure problems due to the
shortage of water, and ho~ses in the hilly areas are often without water despite their
connections. This will be remedied when the Smir Dam comes on-line. In addition, the
Skoundo (from the Spanish segundo), a secondary water source, comes from a spring and
provides water to about 400 houses in the M6dina. Unfortunately it is fed by contaminated
groundwater so it is suitable only for fountains or gardens.

A similar situation holds for domestic wastewater. Approximately 70-75 percent of all
households are connected to the sewerage system; the other 25-30 percent use cesspools.
This situation will be couected by the "Project de developpement urbain," the
USAID-supported program to bring sewerage lines to Dersa-Samsa and build a treatment
plant.

Providing electricity poses no problem. In 1987 there was a capacity for 64,000 hookups, far
more than the number 'of households in the city. Figures on solid waste are quite disparate,
but a conservative estimate is that the city produces 120 tons per day, approximately 400
grams per capita. Of this total, 70 percent is collected and hauled to a landfill.

2.7 TETOUAN IN THE FUTURE

In terins of land use, T6touan will still be largely residential in 2011. An area on the right
bank of the Martil is slated for further industrial development, but it is no larger than the
existing industrial zone. Except for tourism development alQng the coast and planned
expansion of airport facilities to handle increased tourism, there are no large-scale
infrastructure projects proposed for the area that will require great'amounts of land. Thus, the
following sections evaluate land needs for uses chiefly related to habitation and. its ancillary
requirements such as roadS, schools, and commercial areas.
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2.7.1 Development Constraints

The SDAU used three categories of constraints in the 1984 urban development plan:
topography, soils, and the preservation of l'atural areas of environmental value (including.,
agriculture).

Differing grades of slope found within the T6touan municipal area will present varying
degrees of difficulty for future development. Slopes exceeding 2S percent found on the flanks
of mountains around T6touan are natural limits to urbanization. Likewise slopes of no more

. than 3 percent as those found in the Martil basin present difficulties with drainage and waste
disposal. Most of the area between 4 to 15 percent is already developed. Even though land
with slopes between 15.and 25 percent'is expensive to provide infrastructure to, these areas
(Dersa, Sams~, and Touelah) are experiencing continued development.

Of the six principal soils found in the study area, only the high clay variety found in the
wetlands areas of the Manil plain presents a constraint to development. Areas of
environmental value designated for protection by the SDAU were zones of intensive
agriculture, forests, zones subject to fluvial erosion, and picturesque sites.

2.7.2 Land Requirements for the Year 2011

Estimates of land needed for household construction are largely based on population
projections. There are two sources of population projections for T6touan, TUM and SDAU.
TUM estimates a population of 505,000 by the year 2010, SDAU estimates a population of
426,100 by 2011. The TUM source projects that the population will grow by 109,600
between the years 1989 and 2000 and by an additional 140,000 by 2010; SDAU projects
increases of 48,850 and 122,000 in roughly the same intervals (1991-2000 and 2001-2011)
(see Tables 2.2 and 2.4). Based on the norm of 93.Sm2/person, this translates into estimated
additional land requirements of 457 ha by 2001 and 1,140 ha by 2011 (SDAU) or 1,025 ha by
2000 and 1,309 ha by 2010 (TUM).

SDAU stated that there were 1,610 ha of developable land left in the study area. This figure .
eliminated those areas that fell into the development constraint categories outlined above.
According to the tables, land appropriate for urbanization will be nearly filled by the year
2011 using SDAU proj~etions or, using TUM proj~ctions, there will be a considerable
shortfall. .

2.7.3 ·Zones of Urban Extension

The following fIVe zones are expected to be the principal areas of urban extension within the
next decade:
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Samsa-Slaoui. This area grew greatly during the 1970s, even though access to it is difficult.
Provision of sewerage and other facilities by USAID over the next few years will likely result
in a population of about 100,000 by the tum of the century.

Eastern Zone. This consists of the neighborhoods of Touabel and Toualeh and areas along
the road to MartiI. By the year 2001, its population may reach 113,000. Infrastructure and
other general purpose use will require about 330 ha in Touabel-Toualeh and 55 ha along the
Marti! road. The urbanization of this area will be sparked by the creation of a secondary
commercial center, a new administrative center, and various public facilities such as a hospital
and an urban park.

Table 2.4
Land Needed for Urbanization 1982·2010

1982 1989 2000 2010

Population 203,500 255,400 3M,OOO 505,000

Households 39,130 49,110 70,190 9'7,110

Urbaalzed area (ha) 974 1%0 248S 3794

Addldoaal area .. 486 1025 1309
required/period

Ouf":! UM, "Appercu sur rUIUamsaUon de a ville de '.IUouan
1990

M'hannech-M'sallah. Located southeast of the city center, these areas will likely gain 15,000
inhabitants to rt~ch a population of 31,000 in 2001. This sector, dominated by "habitat
economique quadrille" (see glossary) exercises a strong attraction for the middle class because
of proximity to the.city center.

Boujdad-Oued Laou. Because of its proximity to the city center and the absence of any
constraints, this zone may have 50,000 inhabitants by 2001, 'contrasted with 2600 in 1981. It
is now a low-income area characterized by very modest "habitat economique spontan6" (see
glossary) and a total lack of infrastmcture. The proposed new ipdustrial zone nearby should
attract additional working class residents, and the development of a plan by the province of
Tetouan to encourage middle-income housing may change the nature of this area.

TOffeta-Kouret Sba. While not now within the municipal boundaries, these areas are already
feeling the pressures of urban development from Tetouan. Torreta is a low-density area ,of
villas for the middle-upper income residents; it will probably attract 3000 or 4000 additional
rfilsidents. Kouret Sba, an ,area that has developed near the cement plant, will grow to 12,000
inhabitants.
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3.0 MAJOR FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS

The relationship between urban activities and the area's natural resources is complex and .
interconnected. Not only is there usually a direct causal link between an activity and a
resource impact, but usually a variety of indirect or secondary impacts must be understood in
order to rank the level of threat to the various resources. The natural resources themselves
are linked in a dynamic ecological cycle so that the degradation of one resource affects not
only the resource itself but also a wider resource base in and around the urban area.

3.1 DESCRIPTION OF ALL MAJOR FINDINGS ON RESOURCE
IMPACfSIAcnvrrms LINKAGES

Linkages: How One Human Activity Affects Many Resources:
Human activities are divided into chemical and physical categories. The· fll'St category
includes emuent-generating activities that affect the quality of the receiving bodies: coastal
and inland water bodies, lands and land covers (plantation forests, terrestrial biota). The
physical category includes the activities that directly affect the physical integrity of each
resource. Both categories are linked to urbanization activities of T6touan and its satellite
towns. Table 3.1 shows the major resource linkages. Table 3.2 summarizes in one matrix the
overall effects of urbanization (considered as independent human activities) on the resource
base.

Table 3.1. Linkages Ainong Resources

Water Water
Coot Upstream DoWJl8tream Fore. Wetlands

Coot X X X

Water upsln:am X

Water downstream X X

Forest X

Wetlands X X X

Agricultwe X X X

Fishery X X X

3-1



Table 3.2. General Matrix of Urbanization Effect on Natural
Resources In T'touan Dependent

Variables: Resources

Lead Raoarces Wllter K.IGarce.
ladepeodeot
Variable. ARri.

Coutal Plaatatloo coltoral Terredrlal Water Water Fl.ber,
ReIGurces Forelt Laod. Vegetatloa Wetlaad. Upltream DoWIIstream KeIGureel

Humao Actlvltles

Chemical

Wastewater ~ - I - I ) X X
dlscharg'

Laad"n le&Chatel - - 0 _. - 0 X -
ladustrlal Waites - - 0 - - 0 X 0

Fertlltars - - 0 - - 0 I 0

Irrillatioa with _ - - I - - 0 - -
Sond waite I - - - - 0 I -
dampllll

PbJ!kaI

Saud and vavel X 0 0 - X I X -
utraclloa

Eacroac:bmeotl X 0 I - X - 0 -
Extractloa for ....1 0 I - I - I - -
wood.

Ba"elt of DODo 0 0 - 0 - - - -
wood prodace

GrallOl X I - X - 0 - -..
Netto,.' 0 X - 0 - 0 - -
Alrlcalt1lral 0 X - X - I 0 -
coaYlrlloa

Grotlddwater I - 0 - 0 0 I -
. overpamplOl

Hydraulic stracta,. I - - - X 0 I -
(DlIIDs)

'Col1lltnJCtlon on beach, dtmell.
'ClemlnS for Ore prevention

m.
X '" severe Impet: II1IbstantIal decline in 1().20 ylll'l
I =moderate 1111'8Ct: minor decline In 10-20 yean
o '" slls\tt....,act: decline over 100 111I'I
- '" not appUcable
•=on IlheU fish population only
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Impacts are described in categories labeled severe, moderate, or slight. A severe impact
means substantial degradation of the quRlity and/or the quantity of the resource in 10 to 20
years; a moderate impact means only minor effect on the resource within the same time
period; a slight impact means no effect mfore 100 years.

An overview of the matrix shows that physical activities have the most severe impacts on
coastal resources, terrestrial biotic diversity, and plantation forests. Each of the physical
activities affects more than one of the resources studied. For example, sand and gravel
extraction has a severe impact on coastal resources and downstream waters, a moderate .
impact on upstream waters, and a slight impact on plantation forests and agricultural lands.

Considering activities in the chemical category, one single activity seems to cause more
damage than several others combined. Domestic and industrial wastewater discharges are the
only urban-reiated activities with severe consequences on water quality, terrestrial biota, and
wetlands. The remaining chemical-related activities have only moderate, slight, or no effects
on the resources.

Examples help to show how other human activities can affect several different resources.

Sand excavation causes primarily the loss of the beach and contributes to additional coastal
erosion, but it also erodes the coastal forest, provokes saltwater intrusion into the coastal
aquifer, and disturbs natUral ecosystems along the coast. The economic implications on the
future of the tourism industry in T~touan are serious. In the same fashion, effluents
generated in the Tetouan urban area severely pollute the receiving water bodies (Martil, Smir,
and F'nideq Rivers, wetlands, and nearshore waters), converting them into dead or badly
contaminated systems. This pollution degrades coastal water (thereby affecting its tourism .
value) and the nearshore artisinal shellfish fIshery. It also contributes to significant changes
in downstream wetland ecology, which can affect the local fIShery and cause the proliferation
of mosquitoes and other insects in the wetland.

Forest degradation also provokes a chain reaction: forests are cleared for farmlands and trees
are cut to satisfy fuelwood needs in T~touan. As a result, the forests' biological diversity is
lost. In addition, erosion of the denuded soils leads to heavy siltation in downslope
reservoirs. As a result, water supplies are threatened: SO percent of the Nakhla reservoir
capacity has been lost. The reservoir created by theSmir Dam also is expected to have a
similar siltation problem. As more reservoirs fill with silt, more dams are built to increase
reservoir capacity, because 70 percent of the region's freshwater supplies come from surface
water sources. Unfortunately, each new dam reduces the flow of water downstream, and
areas such as Lac Smir downstream of Smir Dam suffer significant changes in their ecology
from reduced water flow. '

Linkages: How Specific Resources are Affected by Various Human Activities:
In this section, each resource will be analyzed in tenns of what activities affect its quantity or
quality and by the severity' of the impact. Table 3.2 illustrates that each resource is affected
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by several physical and chemical activities. For example, coastal resources are severely
affected by four urban-related activities: wastewater discharge,.sand and gravel extraction,
development, encroachment, and grazing. Also, grazing, nettoyage, fuelwood cutting, and
encroachment severely damage the terrestrial resources. Similarly, plantation forests and
wetlands are being damaged by more than one activity in the physical category.

Discussed fust will be the land resources including coastal resources, plantation forests,
agricultural land, terrestrial vegetation and wetlands. Next will be a discussion of water
resources including surface water and groundwater upstream and downstream of Tetouan city
proper with all its waste discharges and a discussion of marine fisheries.

3.1.1 Land Resources

The coastal resources within the T~touan Region of Influence:
Due to their economic and ecological importance and the number of significant impacts from
the urbanization of T6touan, coastal resources are the most severely tlueatened. These
impacts come from the urbanization of T~touan city proper and its satellite towns and also
from the development of the coastal tourism complexes. In general, this development has had
a severe impact on coastal dunes, forests, and beach habitats through physical destruction or
degradation and increased coastal erosion.

Wastewater discharge from T6touan is released into the Martil River and flows into the
Mediterranean Sea just south of Marti! town. This situation degrades coastal water quality by
adding high amounts of organic matter, nutrients, and potential bacterial contamination. It
also increases the human health risk for swimmers and other ocean recreation users. As the
coastal waters become more contaminated, the tourism value of the beach and bathing waters
fronting Martil town drops significantly. As a result of waste disposal, complaints of foul
smelling coastal areas have been expressed by tourists already. In addition, high levels of
nutrients flowing into the coastal waters from wastewater discharge and fertilizers can also
cause an increase in the incidence of "red tide," a toxic contamination of shellfish. These
toxic shellfish can cause severe human health problem~, and therefore the situation is causing
a decline in the shellfish fishery. The contribution of nutrients from fertilizers is small
relative to wastewater ~charge. Additional contamination of the shellfISh can come from
industrial wastes, though this is also contributing only slighdy to the decline in the fIShery
relative to wastewater discharge. In the ecology of the Lac Smir wetland, another coastal
resource discussed separately belov:, wastewater discharge from M'diq also is having a
moderate .iriJ.pact.

Wastewater discharge problems result from the lack of adequate sewage treatment systems in
Tetouan, Martil, and M'diq. This will only get worse as the urban pop~ation continues to
grow in these areas. Cesspools handle almost all wastewater in Martil, and most of these are
probably ineffective because of the high water table. More houses and more people will only
make this situation worse. Consequendy, the value of the area as a tourist destination may
drop, and therefore the viability of this economic sector coul~ weaken considerably. The only
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way this would change is if a sewage treatment system were built large enough to handle the
entire metropolitan area's wastewater.

Sand and gravel extraction is a major threat to the integrity of the coastal area. It has caused
significant loss of shoreline, coastal forests (both natural and plantation), and beaches. In
general, it causes a severe increase in coastal erosion. The main reasC?n sand and gravel is
extracted is to provide for the burgeoning construction industry. Construction will continue to
grow as population grows in the T6touan area, though it may taper due to overbuilding. But
in general, more people need more houses which require more sand for the concrete
construction. If the rate of extraction continues, the beaches in front of the Alila River south
to Martil town will diminish, until they reach the depleted state of the beach fronting Azla to
the south, which is now little more than a small pebble beach. The coastal plantation forest
north of Martil is the most severely threatened of all forest land experiencing sand extraction.
In addition, sand extraction may cause saltwater intrusion into the coastal aquifer.

Encroachment of strocture.'i on the coastal beaches, ~unes, and forests causes significant
problems because it intemnpts the natural movement of sand, resulting in the loss of the beach
and shoreline. This construction is mostly for the tourism industry, and the industry probably
will continue to grow as the tourism industry grows. More and more people from Morocco,
Spain, and France vacation in the area, and facilities will continue to be bullt to serve them.
There may be a slowdown in construction to allow the facilities' occupancy mtes to improve.
There also may be a slowdown if coastal environmental conditions continue to worsen.

Livestock graze alQng the coastal area in the forests, along the estuaries, and even among the
coastal dunes. This results in the loss of the dune habitat consisting of dune grasses and
associated animals and of the forest habitat consisting of either eucalyptus or coniferous
forests and otHer associated flam and fauna. Without the grasses to hold the sand, the dunes
will be eroded and contribute significantly to an increase in coastal erosion and loss of
beaches. The driving force behind this grazing activity is the fact that traditionally, people
graze their animals on any available land, regardless of whether they own it. There is little
public awareness of how to manage grazing to prevent erosion, because overgrazed land is a
common sight. This overgrazing problem in the coastal area will not improve unless there is
improved management of grazing or fences to keep the animals away from fragile coastal
areas.

Solid waste dumping occurs along the river beds, in the estuaries, along the. beaches, and in
the coastal forests of the area. This problem is especially bad during the summer months
with the high influx of Moroccan tourists camping along the beach area, without sufficient
solid waste collection programs and facilities. This dumping has a significant detrimental
impact on the visual quality of the area and somewhat diminishes the quality of the wetland
habitat of the estuaries. It also reduces the tourism value of the coastal area. This condition
will worsen as both the resident and tourist populations increase.
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Groundwater pumping in the coastal area can have a moderate impact on the groundwater
quality if too much is pumped out and seawater can intrude into the freshwater aquifer.
Freshwater floats on the more dense seawater, but if it is reduced at a rate greater than the
replenishment ratc, the groundwater becomes increasingly saline. This increase in minerals
in the groundwater also may be ,due to the large number of septic tanks in MartU; to the
natural mechanism of aquifer discharge and possibly recharge from the Marti! River during
which some seawater intrusion may occur; or possibly, to coastal erosion from sand
excavation. This overpumping is a result of continued agricultural and urban development in
the coastal area, which probably will continue over the next 10-20 years.

Dams and dikes (hydraulic structures) have a moderate impact on coastal resources. Smir
Dam reduces the freshwater input into the Lac Smir coastal wetland area (see Section 4.4,
Biotic Resources/Biodiversity) and threatens its biological integrity. 'Blocking this water flow
has reduced the water level in Lac Smir, which exposes and kills a number of different flora
in the area. This is exacerbated 'by a dike built across the connection of Lac Smir and the
Mediterranean Sea, which prevents salt water from replenishing the brackishwater marsh and
prevents any organism from entering the marsh. ~onnally, juvenile fish and crustaceans
grow up in the brackishwater lake, eating mosquito larvae and other organisms. The Smir
Dam is needed for drinking water resources for the T~touan metropolitan area and will limit
freshwater flow to Lac Smir for decades to come. The dike at the sea connection, however,
is a much more temporary structure. The problem can be solved relatively easily within ten
years. Allowing a certain amount of freshwater flow to keep the water level normal and
removing the dike to allow seawater and marine organisms to enter the marsh will reduce any
negative impacts of the dam.

Finally, extraction of fuelwood, harvest of brush and scrub cover, nettoyage, and agricultural
conversion all contribute slightly to further impac~s on the coastal forest land and areas of the
Martil River flood plain.

Plantation Forests:
In general, the plantation forests' productivity is declining due to nettoyage (literally cleaning
up the undergrowth), conversion to agricultural land, overharvesting of wood products, and
grazing. Lesser impacts are felt from sand and gravel extraction, encroachment, and harvest
of non-wood produce. '

Nettoyage is the intentional and government-subsidized "cleaning" of the forest floor. All
natural regeneration is thwarted in this m~er in order to prevent forest rues and generate
employment opportunities. Nettoyage is evident in all plantation forests, especially along
major roads where careless smokers may start fues by discarding cigarettes from passing cars.
No change is expected in this situation. Nettoyage is causing a severe impact on the
plantation forests because the trees are not able to reproduce and, by virtue of monocultural
planting, are particularly vulnerable to disease, fIre, and the combined degradation from
fuelwood collection and grazing.
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Conversion of forests to agricultural land is occuning at an alanning rate in all plantatiori
forests. This is causing sev.ere impacts given the permanence and extent of conversion'
activity. This conversion involves the physical removal of the natural vegetation. It is related
both to small-scale agriculture and to the clandestine cultivation of Cannabis for hashish and
kif production.

, '

Extraction for fuelwood has a moderate impact on plantation forests based on the supply and
demand model described in Section 4.2, Plantation Forests. Given reforestation trends and
conservative assumptions on new productive forests coming on line, actual supply remains
above the required supply, given urban demand until 2011. Degradation from overharvesting
is apparent in all plantation forests to some extent but most apparent in forests just west of
M'diq, known as the Zem Zem plantation. This fuelwood is consumed by hamams (public
baths), bakeries, brick factories, and limestone kilns.

Grazing by cattle, sheep, and goats is permitted, in fact encouraged, throughout the
plantations, resulting in the consumption and trampling of seedlings. This directly endangers
the replication of the forest. Given the time horizons for plantation forest regenemtion, and
the rate at which animals are consuming these shoots, the effect will be major in the
intennediate term as the current stands of Pinus halipensis will die off and nothing will be
left to replace it. Also, despite the current replanting campaign, the lack of current grazing
restrictions will doom a considerable portion of these new trees unless they are ~accessible

due to topography (a condition which obviously applies to a very small percentage of new
plantations).

Sand and gravel extraction affects plantation forests slightly by excavating the hillsides on
which the forests are standing. As discussed above under coastal resources, the most
threatened of plantation forests is the ,coastal stand of eucalyptus north of Marti!. Though the
impact will continue over time, it will 'not be severe within 20 years. Moreover, the
plantation forests are far more threatened by other human activities.

Encroachment of urban housing on plantation forests is slight and does not dueaten the
integrity of the resource over the medium tenn--only itt the long term. This encroachment
is visible in the Dersa Samsa area and the forests above, and to a lesser extent dl'Ound Cabo
Negro with the spread of M'diq. The problem may increase given the pressure to build on
ever steeper hillsides which tend to be the only type forested.

Harvest of non-wood produce, such as cork, myrtle, and briar, occurs in all plantation forests
but is concentrated in communal forests on the outskirts of T~touan. nus harvest has a slight
impact on plantation forests because,. although there is a noticea~le impact, no decline is
anticipated in the forest due directly to the harvest of non-timber products. .
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Agricultural Land:
The overall impact of human activities on agricultural land is slight given the resource's low
baseline,productivity. The greatest impact of conversion and degradation of farm land is to
the cultural heritage and lifestyle of the area, not to the productivity of the land.

Activities that have a moderate effect on agricultural land include direct conversion of land to
urban development, irrigation using water contaminated by waste water and, to a lesser extent,
industrial wastes and other materials. Sand and gravel extraction and groundwater
overpumping also are slightly affecting agricultural land.

Encroachment of housing construction into agricultural land will continue to reduce the
amount of land available for farming and have a moderate impact over the 10-20 year period.
This may increase, given the associated increased value of the land once it is developed. This
encroachment is evident along the road between T6touan and Martil especially, and also some
across the river from Dersa Samsa. It can be argued that this conversion is probably a net
positive, given the added land value.

Irrigation using the Martil River is practiced on about 30 hectares of cropland downstream of
T6touan. Some of the crops grown here are food crops. The Martil River is contaminated
with wastewater and, to a lesser extent, by landfl11leachates, industrial wastes, 'and other
materials. This impact is considered moderate because only 30 ha are being irrigated'with
this water, and this amount is not expected to change significantly. NO.1etheless, food crops
from this area could be contaminated with bacteria that could cause cholera. Unofficial
reports from T6touan indicate that cholera has been a problem in the past. The golf course at
Cabo Negro uses treated wastewater for its irrigation, but this is much safer for the
environment than untreated wastewater and presents little risk to human health. In fact it is a
useful way to reduce dependence on potable water for tuif.

Sand and gravel extraction is evident on agricultural lands but has a slight impact considering
the low productivity of the land. However, left unregulated over the long term, this activity
could result in aesthetic and physic&! damage given the pockmarks left behind in the telTain
and the land's inability to recover. This could lead to exposing the water table to even more
pollutants, given its proximity to the land surface. Sand and gravel extraction probably will
continue considering that even when the construction slows down due to overbuilding,
simultaneously other sand sources, such as beaches, will be regulated or priced out of the
market, thereby forcing collectors :0 agricultural lands.

Overnumping of groundwater. as discussed above, can result in salt water intrusion into the
coastal aquifer. H the groundwater used for irrigation by the coastal farmers becomes more
saline, there may be problems with crop growth and productivity. However, this is
considered only a slight impact because 'the effect is gradual and this low-lying agricultural
land along the coast and in the floodplain of the Martil River is not very productive.
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Terrestrial Vegetation:
Very little remains of the natural forest vegetntion of Morocco. The nanual forest in the
T6touan area is being severely degraded primurily by grazing and agricultural conversion and
secondarily by extraction of fuelwood, harvesting of cork, briar and other plants, and
"ettoyage.

Intensive grazing by livestock on the ground level vegetation prevents natural regeneration.
Nettoyage activities also prevent regeneration by clearmg out undergrowth and the necessary
mulch for new growth. This is compllunded by the fact that ~lanting efforts concentrate on
rapidly growing species, neglecting native species.

Conversion of the natural forest land to agriculture involves the physical removal of the
natural vegetation. This is related both to sniall-scale agriculture and to the cultivation of
Cannabis.

The natural forest vegetation in the immedi~e T~touan area already is severely degraded.
The only remaining areas of natural vegetation are the forests of Zem Zem and Cabo Negro.
The need for fuel, natural products, and fodder is driving this degradation, and it will only
increase as population increases. Land clearing for agricultural conversion· is projected to
eliminate half of the remaining forest within five years. Because grazing prevents natural
regeneration, the natural flora can be expected to disappear entirely.

Wetlands:
Lac Smir, the wetland located at ReSltinga-Smir, is the most imponant wetland in the region.
A wide variety of local and migratory birds utilize the area, which has a diverse ecology of
flora and fauna. It is being severely threatened by two main factors: restriction of fresh and
salt water supply by hydraulic structures (the Smir Dam and a coastal dike) and encroachment
of agriculture and tourism development. In addition, wastewater discharge is degrading the
water quality. Groundwater pumping also may contribute slightly to changes in water
salinity, althou8h the effect would be minute compared to the effect of the dam and dike. The
other wetlands in the are&. are already severely degraded (e.g., along the Martil River) or
much less extensive.

Construction of the Smir Dam has eliminated the flow of fIeshwater into the wetland.
Construction of a coastal dike between the wetland and the marina at the Kabila tourist
complex has eliminated the supply of saltwater to the wetland and has prevented use of the
wetland by larval fish and cmstaceans. 'This has reduced the nUISery habitat for the coastal
marine fish, a food source for the local population. Loss of the marine biota already is
apparent. Because there are no small fish to eat insect larvae in Lac Smir, large mosquito
populations develop. 'This has prompted the extensive use of pesticides, further degrading
water quality. Major shifts in. the diversity of plant species also are expected in five to ten
years.
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The freshwater situation may actually improve moderately in the future, after the Smir
reservoir is completely ftlled. Some freshwater flow may be restored, if not all the water is
needed for urban purposes.

Progressive encroachment by tourist development near the coast and by farming inland has
reduced the area of the Lac Smir wetland by about 20 percent in the past five years. The
pressure from tourism facilities is expected to continue, though perhaps at a lesser rate of
growth.

Wastewater discharge from a sewage treatment plant at M'diq continues to flow into the
wetland. This facility already is trying to process more wastewater than it was designed to
process. The wastewater discharge certainly will affect the water quality of the wetland over
the next 10-20 years, thereby changing its ecology. This is also discussed below ~ the water
quality section. Toxic effects on wildlife typically become apparent in two decades. Changes
in migratory patterns and population density parallel the deterioration of biotic conditions.

3.1.2 Water Resources

Water downstream of T~touan:
The Martil River downstream of the pollutant discharge points from the T~touan urban area
already is severely degraded. The pollution comes from wastewater discharge, landfill
leachates, and industrial wal~ and to a lesser extent, from fertilizers and solid waste
dumping. The pollutant load in its lower reaches far exceeds the river's natural capability
for self purification. As population grows, the pollution front will move farther upstream,
thereby potentially contaminating additional drinking water intake points. Already the level
of bacterial contamination (500 times higher than U.S. standards) of the Martil River has
caused the closure of one river intake, which had supplied the city with 200 lIsec of potable
water. In summer time, the conditions are even more severe, All of the water samples for
the Martil River had microbial indicators higher than acceptable standards, Also, levels of
fecal contamination of the beach area indicate that 100 percent of the seawater samples taken
near Martil beach had microbial levels exceeding U,S, standards for bathing waters. All of

. this contamination not only significantly degrades the ecology of the river and coastal water
into which it empties, it also presents a potentially significant public health risk. More than
30 ha of agricultural land growing food crops in the lower Martil River plain use the Martil
River water for irrigation. The potential for food contamination is significant.

Other nonpoint sources of pollution also are suspected such as leachates from the city's
landfills into the groundwater and river. This might cause severe impacts on the quality of
surface water as well as on the groundwater pumping sites and wells downstream. More than
50 percent of the public groundwater supply comes from pumping sites within 1200rn of the
two municipal landfills. One site already has recorded levels of iron and manganese 60 times
higher than U.S. standards.. ' .
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The groundwater located downstream of T6touan is being contaminated by a number of
sources: the Martil River itself; widespread prevalence of cesspools in areas with a high
water table; and possibly overpumping of wells causing salt water intrusion. All wells around
the lowest section of the Martil River and at the coastal zone in the Smir aquifer have levels
of contamination significandy higher than U.S. standards. The Smir aquifer is experiencing
intrusion by emuents from the overloaded wastewater treatment plan in M'diq.

Several physical activities also impact water downstream. Sand and gravel extraction is
having a severe impact on water quality. The increased turbidity and resuspending of the
sediments, some of which may be contaminated, contribute to water quality degradation. In
addition, extraction activities can cause severe problems with nearshore water quality and loss
of riverbank and estuary habitat. Groundwater overpumping can cause some increase in
salinity in the groundwater due to saltwater intrusion into the aquifer. If the water from. a
coastal well is being drawn out faster than it can be recharged, the seawater can move higher
in the water table. Hydraulic structures are having a moderate impact on downstream waters
primarily by reducing the flow of rivers below the dams. Tills cail reduce the quality of the
water and the ecology by lowering' the level of the stream and estuary. Encroachment into
downstream waters, such as the causeway blocking the Martil Rivert can have an impact on
downstream water quality. This engineered barrier prevents the Martil River from
meandering. It also makes the dead ann of the Marti! River pennanendy stagnant. The wat~r

.qualitY in this dead ann already was bad, and it is worse as a stagnant open cesspool.
Agricultural conversion also is causing a slight impact on downstream water resources in
areas where riverb~ are being filled farther into the river for agricultural land. However,
this is not common..

Water Upstream:
The Nakhla Dam, constructed in the late 1950s, and the Smir Dam, expected to be operational
in 1992, created the two major water reservoirs in the region. Because these reservoirs are
upstream of any pollution sources, the water quality for both is relatively good. However,
each reservoir is experiencing siltation. This comes as a result of clearing of forest for fuel
and, to a lesser extent, agriculture.

In the absence of a comprehensive watershed management plan, the watershed forest for both
reservoirs is being degraded. Clearcutting practices leave the soil unprotected from rains,
causing significant soil, erosion and siltation in the receiving reservoirs. About SO percent of
the regulated volume of Nakhla Dam has been lost to siltation, and the new Smir Dam is
expected to lose 180,000 m'/year of its 34 Mm' volume.

Marine Fisheries:
The fisheries resources exploited by the ftshennen of the T6touan area consist primarily of
two sectors: the large tuna fishery and the stocks of sardines and other small pelagic
(deepwater) or demersal (bottom-dwelling) fish. There also is a small artisinal fIShery for·
shellfish off Martil, using small boats with simple equipme~t.
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T6touan's urbanization only slightly impacts. the overall fishery resources utilized by the
flShennen of M'diq, MartU, and Azla. Most of the fisheries appear to be operating at a
sustamable level, and any depiction is a result of overflShing rather than pollution. However,
at a much more local level, two small fISheries are experiencing severe impacts: the shellfISh
habitat off Martil, south to the Laou River, and the shrimp nursery habitat in Lac Smir.
These impacts are direct results of wastewater discharge into the MartU River and the change
in ecology in Lac Smir due to the blockage of freshwater and saltwater by the dam and dike.

Wastewater discharge into the MartU River and leaching from cesspools in MartU contribute
high levels of nutrients, some heavy metals, and bacterial contamination to the nearshore
waters. Nutrients can exacerbate the problem of red tide, a phenomenon that renders shellfish
toxic for humans. Recent studies found toxic shellfISh in waters from Marti! River south to
the Laou River. In addition, heavy metals and bacteria in the sediment or water can be
accumulated in the shellfish, because they are filter feeders. Both of these problems increase
the risk to public health.

As discussed above conceming the wetland, the changes in nursery habitat caused by the Smir
Dam, encroachment, and wastewater discharge can reduce populations of shrimp and other
marine species that are of local value.

3.2 CONCLUSIONS AND PROJECTIONS BASED ON FINDINGS

Direct construction, sand excavation on the coastal dunes and beaches, and pollution related
to urbanization pose the most sevee and immediate threats to coastal Ie8ources. If
construction without adequate setback: from the shoreline continues, along with sand
excavation and livestock grazing of the coastal dunes and forest, the coastal resources will be
degraded to the point where few visitors will wish to return. Both the ecological integrity
and value to tourism will decline dramatically within a decade. :A tourism-based economy is
a fragUe one. Tourism depends on a clean and beautiful enviromnent. Once thai is spoiled,
the ecology and the visitors' confidence and desire to return are extremely difficult to restore.

Another severe problem is that the Martit River and the groundwaters downstream of T~touan
are extremely polluted, and time for effective correction is running out quickly given the
resource's utility and effect on other resources. .

Finally, the biological diversity of the terrestrial fauna is being dramatically reduced by
uncontrolled use of the forests. What little remains of this habitat is virtUally unprotected.

Also seriously threatened, although perhaps less urgently than the resources discussed above,
are the Lac Smir wedand, the potable water supply, and the plantation foIeSt8. The
diminished water supply to Lac Smir already is causing the lake to shrink and is threatening
its biota. Particularly in view of the uniqueness of the region, this wetland should not be
neglected. T6touan's P:Otable water supply is clearly limited; it will probably become
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critically low earlier than the current projections indicate•. Although much plantation forest
remains, the forest resource is being mined unsustainably for fuelwood. If measures· are not
taken, the forests will cease to be able to supply fundamental resources within the medium
term-on the scale required by urban dwellers.

Other problems are less urgent. Local activities do not pose a serious threat to the
productivity or quantity of agricultural lands or fisheries. Agricultural land seems actually to

. be increasing, albeit at the expense of the forest. Unfortunately, marginal productivity is on
the decline. Finally, the terrestrial and freshwater fauna are already so seriously degraded that
further development is unlikely to make matters worse.

3.3 BRIEF RECOMMENDATIONS FOR REMEDIATION AND POSSIBLE
MANAGEMENT OF RESOURCE IMPACfS

The team studied several recommendations concerning the environmental impacts of
urbanization in T6touan that were made in government reports or discussed with various
officials. Based on this study's f'mdings, the team recommends the fono~ing:

Coastal Resources:
... Expand the current regional tourism development plan to include management

measures related to coastal resources protection, including coastal and marine
protected areas, beach protection, open space, public recreation areas, wastewater
treatment, grazing restrictions, and alternative tourism development areas;

...

...

...

...

Establish protected areas for nature tourism and open space in the Cabo Negro forest,
the eucalyptus forest between Martil and the Alila River, the Alila River estuary, Lac
Smir, Ras Mazari, and Ras Timezourga (RdM/MHAT, 1984a (Document 12); .

Strictly enforce the prohibition of sand excavation on beaches and dunes while
substituting crushed sand from inland sources;

Require a 100m construction setback from the shoreline (high ftlach of the high annual.
wave), or at least prohibit construction behind the coastal dunes,. (RdM/MlISG, 1987,
PNUE, 1991); and

Develop tourism projects in the mountains and other inland areas to take the plessure
off the coast. .

Establishing protected areas and a conservation ftlgime represents a vel)' low-cost proposition
for T6touan. The l00-meter setback: could inCftl8SC capital development costs insofar as
buildings may need to be taller to take advantage of ocean views and may require slightly
more complex access Systems to the beach to protect dunes. Similarl.y, enforcement of the
beachsand excavation ban would require a small inCftlase in the marginal cost of building for
construction companies forced to pay licensing fees and costs of trucking sand and gravel
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from legitimate inland areas. If sandstone conversion becomes the major source of
construction material in the future (and this is a possibility), then the increased marginal costs
could be substantial. A concerted effort by public authorities to prevent clandestine mining
would ensure that such costs were distributed throughout the industry and would prevent any
one company from gaining a competitive edge.

The major cost of such a scheme would arise from enforcement of the loo-meter setback
along the coast between M'diq and F'nideq where the highway runs within 100 meters of the
beach. In these areas, the ban would effectively remove the real estate from potential
development, reducing its fmancial value and making it susceptible to intrusions of other
kinds (e.g., more extensive grazing). The cost of taking off line a potentially valuable stretch
of land could be mitigated somewhat by selling specific sections of the beach to private
resorts for beachgoers while placing a lien on development.

A compreh~nsive coastal water quality and marine life monitoring program should be
developed and implemented for the T6tou~ coast. This should include monitoring for "red
tide" (the toxic shellfISh problem) and characterizing the plume from the Marti! River. (A
suggested program is described in Appendix P.) Using university expertise to design and
launch such a program would minimize start-up costs; such a program need not require a
substantial capital investment beyond outfitting existing laboratories with the equipment
necessary to run the program. Muste~g the political will to~e success of both a
program and a new conservation regime is the most important challenge to those realizing the
need for investment in coastal resources.

F~u~: .
• Monitor the presence of toxic shellfISh in the area and detennine trends. Establish a

public education campaign regarding this problem.

• Evaluate the management, enforcement, and extension programs for the local fIshery
and develop recommendations for improvement.

·Biological Diversity:
• Take measures to retard the dec.ine of the natural forests. The most obvious steps are

to delimit the tracts of land having the best remains of original forest (e.g., Ibcl Zem
Zem, Cabo Negro) and to prevent grazing of livestock, land clearing, wood cutting,
and other activities that degrade the forest environment.

•

•

Ensure that Lac Smir has an adequate supply of freshwater (coming from the Smir
River) and an adequate connection to the sea (perhaps by creating a channel around
the existing marina).

Attempt to protect riverbanks from development, sand excavation, and other activities
that physically disturb them.
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Such measures would incur only the cost of enforcement by public agencies. Even an
alternate channel from Lac Smir to the sea need not command a high capital cost and could
be fmanced through a temporary increase in taxes payable by the relevant resorts, without
interfering in the special investment code pertaining to tourism developers.

Water Resources:
... To salvage the Martil River, the discharge of domestic and industrial effluents should

be stopped.

This is feasible only if an integrated plan of sewage collection and treatment is implemented.
Such a plan is presently under way for the city of T6touan, through a USAID project. The
present plan, however, does not include the neighborhoods of Toneta, Kouret Sba, and
Boujdad on the right bank of the Martil. In 2001, the three areas and a proposed industrial
zone will generate a significant organic pollution load (equivalent to the load generated by
75,000 persons) that will go untreated into the river. Therefore, it is desirable to include in
the sewage master plan provisions for covering those sources that might otherwise offset the
benefit of the proposed wastewater treatment plant.· As major contributors to the pollutio~

load, industries should be made a part of the solution. The penalty or fee system should be
proportional to the individual contribution to the total loa,d. This can only be implemented
once the proposed municipal tream~e.ll plan becomes operational. Otherwise, it is
inconceivable that the community will pay for the industrially generated wastes. The team
did not have access to the data required to estimate the costs of including the three additional
neighborhoods in the sewage master plan. Clearly, however, an investment now would offset
the need for future piecemeal infrastructural development and reduce future costs of treatment
of the Marti! River. .

Establish comprehensive spatial and temporal water quality monitoring programs for
upstream and downstream resources, including eoastal waters as mentioned above.

Due to the high cost associated with the analysis of different piu'ameters, the program should
focus only on the major chemical or biological constituent of concern, resulting in significant
cost savings. Indiscriminate and inconsistent monitoring, as is presently the case, yields an
unclear picture of the situation.

Restrict the uso of untreated wastewater for inigation in the MartU plain.

Agriculture officials should intervene with the farmers to demonstrate the health risks
associated with the practice. Organic amendments and mineral fertilizers should be
distributed to the farmers as incentives to abandon their irrigation method.

Perform studies needed for a comprehensive wastewater management plan for
T6touan'IJ satellite areas.
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...

The technical feasibility of the present sewerage plan in the town of Marti) needs to be
reassessed. The difficult hydrogeological conditions in that area, including a high water table
and limited drainage, might decrease the efficiency of the sewer material used. A more
detailed study is needed. Encasing the sewers in concrete might give additional protection
and watertightness to the system.

Implement plans for expanding the M'diq wastewater treatment plant.

Immediate technical support for wastewater treatment technology is needed within the agency
(RDE) in charge of the sector. Operations at the existing plant might be significantly
improved if such assistance were provided. The costs of installing an adequate treatment
system are high and current plans are to fmance the construction through user fees. What is
not clear is the adequacy of collection systems and the extent to which fmancing will be
made available.

Improve the municipal landfills to re~uce their impact on water quality.

The municipal landfills in Tetouan and its satellite towns are technically hazardous,
unsanitary, and uncontrolled dump areas located above important groundwater resources. In
addition to an urgent need for new engineered sites, immediate attention should be given to
mitigating the impa(;~ of the present sites on the underlying aquifers. The aquifers represent a
valuable water resource, as surface waters alone cannot satisfy the region's needs in the long
run. Immediate mitigation steps are detailed in Appendix C-6. The potential cost of
remedying the situation is extremely high. The benefits of such an investment are difficult to
calculate; the costs inClude the costs of doing nothing and suffering increased health risks,
development costs of alternative water capture technologies, and costs of continued resource
degradation. Such a potentially high capital investment requires much further study to
identify the costs and benefits involved.

... Initiate a watershed management plan to minimize soil erosion and decrease siltation
rates in the dams.

Although detailed recommendations are beyond the scope of the project, it is necessary to
undertake a long-tem study to accurately quantify the problem and link it to on-site
agricultural practices in the watersheds. Only then would it be possible to un~ertake

mitigation actions based on specific changes in agricultural practices. An incentive program
oriented toward the farmers, coupled with a comprehensive reforestation plan, which could
even include fruit producing trees as part of the incentive, should then be implemented.

Forests:
... Use the World Bank delimitation project to assess the total number of plantations,

species composition, variable rates of growth, extent of degradation, and rate of
degradation.
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'" Elimmate the state's subsidization of forest degradation by giving control over market

prices to the communes. Allow the communes to operate on a cost recovery system in
order to fmance the labor and input COJts of continuous reforestation through the
producer price of wood products.

... Provide tax incentives to offset the capital cost of industrial conversion from wood
toward alternative sources of energy (toward the natural gas that will become available
in the mid-1990s via the Algeria/Morocco/EC pipeline). Target briqueteries, limekilns,
and hamams; let the bakers continue to bake with wood flIeS.

Alter the employment function of the forest from nettoyage toward reforestation of
unforested areas, relying on public education and roadside clearing to avoid forest
flIeS.

Agricultural Land:
... Identify the costs of surveying open land and policing frequently mined areas and

compare them with the subsidization and social costs of mining for construction
materials.

The open access to' fonner agricultural lands provid~d to the cement company and
construction fInns represents an implicit goveminent subsidization of those private concerns,
because this free public good is harnessed for private profit. The extent of mining is not
known but is suspected to be very high given the demand for construction materials in the
region. '

Government Resource Management:
... Conduct an institutional analysis to detennine and evaluate the govemmental powers

and ways to maintain and enforce effectively the development controls' so that
infrastructure can be provided within the context of development. This analysis must
include looking at the gaps or overlaps in jurisdiction.

Economic:
... ' Redirect toward comprehensive long-tenn development the existing urban planning

and development sector.

The costs of establishing legal regimes and research programs are relatively small compared
to the long--tenn infrastructural and aesthetic costs of pc'-mitting uncontrolled development to
continue. An extensive public sector dedicated to urban planning and development already
exists and needs to be redirected to better incorporate the current trends of settlement in the
region, rather than planning for future development in an infonnation vacuum. This Bml of
regional govenuilent cannot plan effectively without a clearly articulated and enforceable legal
regime of pennits for consttuetion. Significant benefits, apart from those resulting &om better
organized development, can be captured by increasing the cooperation and efficiency with
which different governmental departments interact on issues of Urbanization, allocation, and
consumption of natural resources.
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4.0 LAND RESOURCES

4.1 COASTAL RESOURCES

For the purposes of this report, the coastal zone is dermed as the strip of coastal land with an
average width of about ~OIJ meters including all the beaches, dunes, estuaries, and areas
experiencing a marine irJJ.uence, plus the nearshore waters going out to a depth of about 20
meters. This would in.elude waters that are· commonly used for marine recreation. An
overview of the coastal resources, human activity, and measurable impacts is provided in
Table 4.1.

4.1.1 Q.uantity and Quality of Coastal Resources

In 1967, the Moroccan govenunent established several Zones d'Am~nagement Prioritires
(ZAP) to stimulate tourism development. Among them was the northwestern Moroccan coast
extending nearly 70 Ian from Ras Mazari in the south to Sebta in the north. The mild
summer climate, relatively calm seas, shallow waters, and wide sandy beaches of this coast
are very attractive to Moroccans and foreigners alike. The urbanization of T~touan affects
this entire area and is affected by it in a number of ways. Because this area has been planned
and is to be managed as a whole to~ development zone, this report also will address the
entire area (RdM/MIISG, 1987).

TIle coastal area immediately adjacent to the T~touan metropolitan area is bounded by Ras
Mazari in the south and Cabo Negro (a/kIa Ras el Aswad) in the north. This coastline is
characterized by expansive fme white sand beaches 10-400 meters wide with associated dunes
and small patches of coastal forests. In terms of size and quality of sand, the best beach is at
Cabo Negro. The beach near Azla has been eroded, is narrow and is mostly pebbles. Coastal
forests are located just north of Martil in .the·A1i1a River area (mostly planted eucalyptus) and
on Cabo Negro and Ras Mazari, which host mostly degraded coniferous forests on the ridges
and farther inland. NQrth around the rocky headland of Cabo Negro is the fIshing town of
M'diq. From M'diq north to Sebta, the coast is characterized by a wide fine white sand
beach with som~ remaining dunes with associated microenvironments.

Along this coast, the CUJ'Ient flows primarily from the north to the south (PNUE, 1991).
Annual input of sediment from the rivers in the area to the coast is estimated at 400,000 m3

,

with an unknown amount brought in from deeper waters of the sea. In their natural
undisturbed state, the beaches are stable with some erosion and accretion during the year.
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Table 4.1 Coa.t" Resourctl

The Resource

• Coastal land about 500m wide including all beaches, dUDeS, estuaries, and areas of maril1ie inOuence
and nearshore water 10 a deptb of 20m.
Area bounded by Ras Ml1Zari on tbe soulh and Ras el Aswad on tbe north.

• Area characterized by fine white sand beaches 10·400 melers wide.

Human Activity

Urban and Tourism Developmenl
24 developments in operation or uDder
consb'Uction

• 26 developments in the planning stage
• Primary engine of economic growth. .

Provided 5.2 percent of income in 1990

Commercial and Recreational Ports
• 3 ports M'diq, 80 sUps

Kabil&, 180 sUps
Marina Smir. 300 sUps

• Expansion planned at M'diq and
on tbe Martil River

Agriculture
• Cropland along Martil Plain
• Livestock grazing

Sand Excavation
• Extensive Mining

Authorized extraction 'increased from
200.000 m'in 1986 to 500,000 m' in
1990. Projected to 630,000 m' in
1995. 970,000 m' in 2010
Estimated unauthorized mining equal
to authorized milling

Recreational Use
• Public use of beaches for swimming and

camping

Solid and Liquid Disposa1
• Large scale dumping

Infonnallittering

OveraU Imp. c:ts

4-2

Measurable Impads

• Desttoys natural ecosystem
• Encroaches upon and destabiUms sand

dunes, beaches and coastal forests
• Coastal erosion

InterruptS littoral sediment transport

• Marinas trap sand naturally transported by
coastal currents

• Tbe dike built at Kabila Marina blocks
seaw~er frOm entering Lac Smir, tbereby
degrading this brackisbwater wetland
babitat

• Dunes and Forests ecosystem destroyed
by livestoclc grazing

• Significant 1058 of beaches and coastal
dunes

• Reduction of sand for beach replacement
• Erosion of coastal forest
• Reduce quality of beaches

• Inadequate means to handle and cfuect
dumping
Human and solid waste • diminishes
quality of resource

• Fecal colifono present3 high risk
Contributes to poDuted water

.• Sigoificmt1y degrading wetland and beach
environments

• Very serious impact on
coastal dUDeS, forests, beach habitats

• Increased coastal erosion
• Slight overall impact on coastal water

quality; a few specific areas sipificantly
impaded



4.1.2 Human Uses of the Coastal Area

Human uses of the area are urban development, resort development, commercial and
recreational ports, agriculture, and sand excavation; recreational useslncluding camping and
hunting; nearshore water use including swimming, diving, boating, and commercial and
recreational fishing; and direct and indirect waste disposal.

Urban and Tourism Development
The built area of this coastal zone consists primarily of urban development in the towns of
Azla, Martil, M'diq, and F'nideq and resort development. Ten tourism developments are in
operation and 14 more are under construction. An additional 26 developments are, in the
planning stage. These projects, which include a combination of hotels, condominiums, and
bungalows, are expected to occupy 1200 ha of coastal land (RdM/MIIP'I', 1991d) (see Table
4.2). '

Table 4.2
Tourism Projects along the T~touan Coast

Stap of development Number of operations L ~:'ea(ha) I
.Exlsti.llg operations 10 140.00

Under construction 14 !S1.40

Authorized 10 314.20

Under deslp 16 59;1.40

TOTAL 50 1,200.00
AI l~~la,

Most of these developments are intended for foreigners or a growing class of Moroccans with
higher so,cioeconomic status and more disposable income (RdMlMl/SG, 1987). Many of the
residential developments between Restinga Smir and F'nideq are said to be planned to dmw
higher-income Moroccans. '

Tourism in T6touan represents a rapidly growing sector of the economy (see Appendix A). .
Employment in the tourist sector increased 15.9 percent between 1960 and 1981 and
accounted for approximately 2.4 percent of all jobs in T6touan in the early 1980s, compared
with the overall Moroccan average of 0.5 percent. Morocco has favored growth of the
tourism sector since the early 19808 as part of a diversified development plan, and T6touan
has selected this sector as a primlU)' engine of growth for its future. Estimates indicate that
the share of income created by tourist spending in 1990 had doubled since 1982' to 5.2
percent. '
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New employment envisaged through current tourism planning in T6touan totals 8700
pennanent positions and 10,700 temporary and rec:uning positions, an optimistic figure given
the current low occupancy rate and the large share of Moroccan citizens in T6touan's
clientele. If created today, those jobs would make the tourism sector among the largest
employers in the region; tourism spending could generate as much as 7 to 10 percent of •.
provincial income. These factors together indicate that T6tollan must guard jealously the
fragile foundation of its tourism industry.

Commercial and Recreational Ports
There are three ports in the area: M'diq, a state-financed port for both fISheries and
recreational use with 80 recreational slips and a much larger area dedicated to fisheries;
Kabila, a privately developed marina with 180 slips; and Marina Smir, located at Restinga
Smu, which was developed with state funds and provides 300 slips for recreational boaters.
M'diq's port is to be expanded, and another port is proposed for the dead ann of the Martil
River estuary to be used for fisheries and recreational purposes. The state would be the
primary sponsor of its construction and management; the proposed port is in a very
preliminary planning phase.

Agriculture
Agricu~tural uses of the coastal zone are evident adjacent to or infringing upon the coastal
dunes or forests. This includes cultivated cropland along the Marti! plain between the towns
of Azla and Martil and livestock grazing nearly everywhere along the coast (see Section 4.3, .
Agricultural Lands).

Sand Excavation
The burgeoning construction industry in the Tetouan area has generated a strong demand for
sand, clay, and gravel. These materials are taken from inland sites, sand excavation is evident
at the beach at the mouth of the Alila River, near Marti! on the inland dunes, and in many
areas near the Restinga Smir area and north near the tourism developments closer to F'nideq.
It has teportedly occurred extensively in the past on the beach near Azla and just north of .
M'diq. Some of this excavation is legal, but much of it seems to be done clandestinely.

Due to the high salt content, beach sand reportedly is less desirable than riverbed sand for
construction purposes. The marginal cost of beach sand, however, is far lower than
alternative sources, given ~e reduced transaction costs. Authorized sand removal from
riverbeds and other locations requires a removal fee of 400 Dh (about $50 at 8.49Dh/$) per
truckload. Oandestine removal can save not only the removal fee, but also the high costs of
capital equipment given the predominance of smaller trucks and a greater reliance on labor
inputs. Given the open evidence of sand mining along the beach and in coastal forests,
especially between Marti! lUid Cabo Negro, there appears to be little enforcement of
regulations prohibiting beach sand mining. .
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Demand for sand has been significant for at least the past decade and is increasing. The
number of authorizations for sand removal increased 20 percent from 1989 to 1990. Since
1986, authorized extractions from riverbeds has increased from 200,000 cubic niett'rs to
500,000 cubic: meters in 1990'; overall demand for sand for construction is anticipated to
grow from an average of 630,000 cubic meters per year through 1995 to 970,000 cubic
meters per year by 2010 (RdM/MTP 1991). According to estimates, the clandestine industry
satisfies approximately half of the annual demand.

Recreational Uses
Both visitors and locals use the coastal area for recreational purposes. The local community
frequently uses the beach at Martil, the most accessible and highly used beach in the area.
The banks of the Alila River snd the beach at its mouth also are heavily used for camping
during the summer months, as are several sites between the Alila River and Martil town, the
area near the dead ann of the Marti! River estuary, and several stretches of beach between
Restinga Smir and F'Nideq. The car.,ping takes place on the beach and also in adjacent
coastal fQlrests.

Solid and Liquid Waste Disposal
Solid waste is dumped on the banks of dle Alila and Manil rivef.lJ and at the beaches close to
the mouths of both rivers. Other ueas used for disposal are the coastal forests north of
Martil, the waterfront of M'diq, the banks of Lac Smu, and the coastal dunes noI1h of
Restinga Smir. Although there )s obvious littering, some of this appears to. be dumping of.
large loads by truck. Liquid wastes are dumped into Lac Smir ani the Marti! River, which
empties into the sea by Martil town (see Section 5.1, Surface Water, for more detailed
discussion).

4.1.3 Human Impacts in the Coastal Area:

Impacts from these human uses of the coastal zone come ft"Jm the urbanization of T~touan
city proper and its satellite towns and also from the deve~.opment of the coastal tow:ism
compll""xes themselves. In general, they have had a sevel'e impact on coastad dunes, forests,
and beach habitats through physical destruction or degradation and increased coastal erosion.
They also have a slight negative impact on coastad water quality.

Degradation ofCoastal Habitat
Building directly on the beaches and dunes. or in tlle coastal forests effectively eliminates the
natural ecosystem and replaces it with an exotic environment of contained, landscaped
gardens among buildings. Dunes and forests are being destroyed or severely degraded by
livestock grazing. This resul~·.· in the loss of the dune habitat consisting of dune grasses and

I Personal communication with Minist~re des Travaux Publiques, Province de T6toUdll,
October 1991.
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associated animll1s and the forest habitat consisting of eucalyptus or coniferous forests and
other associated flora and fauna. Not only do these ecosystems have a value in their own
right as a part of nature, but they also play an important role in helping to stabilize the sand
in the dunes and beaches to prevent coastal erosion.

The very large camping grounds established in the summer at the Alila and MartU river
mouths also cause significant waSte problems because of inadequate means to handle human
and solid waste. Indiscriminate dumping of solid and liquid wastes along the river's banks
Md coast clearly d~inishes the quality of these wetland areas.

Construction of the Kasila Marina includes a dike which blocks the movement of seawater
into the estuary and wetlands of Lac Smir. This is changing the characteristics of this
wetland significantly as discussed in Section 4.4.3, Wetlands.

Coastal Erosion
Coastal erosion is occurring for several reasons: sand excavation on the beaches or dunes,
construction too close to the beach, and marinas interrupting the littoral (nearshore) sediment
transport. .

The effects of sand excavation are very serious. They include: 1) loss of the beach and
coastal dunes that are being excavated directly; 2) reducing the amount of sand available for
downstream beach replenishment, resulting in the eventual loss of the sandy beaches down
current of the excavation site; 3) erosion of the coastal forest; and 4) reducing the quality of
the beaches for local recreation and tourism. Ongoing excavation is degrading the beach at
the mouth of the Alila River. Sand excavation at the beach and dunes near Azla has resulted
in significant erosion, resulting in loss of public and private property. This has left only a
pebble beach with lilde fine sand. The coastal forest north of Martil is being eroded as the
inland dunes are excavated and the very roots of the trees are exposed. The trees topple and
the loss of the eucalyptus forest continues.

Construction of houses in Martil or in the tourism complexes also can cause coastal erosion.
In Martil, for example, a solid block of houses has been buUt on the edge of the beach.
Local officials report that because this construction blocks the wind and consequent
movement of beach sand, the beach is getting narrower each year. As the summer winds
blow from the northeast, they move the beach ~and inl&l1d. In a natural state, the' sand would
be caught by the dunes, which move slowly inland. However, without any dunes, the sand
piles up against beachfront buildings. During the winter, when the wind 'shifts to blow from
the west, in the natural state the dunes would slowly release the sand and move toward the
sea, thereby replenishing the beach. However, the buildings block the wind so the sand is not
pushed back on the beach toward the sea. Consequently, the beach is eroding.

• The marinas built along the coast also can contribute to coastal erosion by trapping some of
the 30,000 m3 of sand that is naturally transported by coastal currents (RdM/MllSG, 1987).
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The KabUa marina, for example, must dredge its marina basin annually to remove these sand
deposits. This dredged sand would then be used for replenishing the beaches just adjacent to
the south, thereby manually doing what is naturally done with the littoral sediment transport
(PNUE, 1991). Winter stonns exacerbate these coastal erosion problems.

Water Quality
The main impacts on water quality experienced in the coastal zone are periodic reports of
badly P911uted waters by Marti! beach, fucluding reports of fecal material floating in the
bathing waters and skin lesions and infections experienced by swimmers. 'This is discussed in
more detail in Section 5.1, Surface Water.

, Conclusion
Combined, the various sources of coastal degradation pose a severe tJueat to the resource in
both the short and longer tenns. Setting aside the aesthetic and intrinsic value of the
resource, degradation of coastal 'areas threatens to undeIDline the tourism sector, which is at a
very vulnerable stage in its development. Tourism today represents a small but very dynamic
source of regional income and employment. Allowing degradation of the resource base to
continue will dramatically reduce T6touan's ability to compete and will remove the central
underpinnings of future economic growth in the region.

4.2 PLANTATION FORESTS

Provincial and local authorities do not agree on the extent of existing forests, both natural
stands and plantations. Descriptive data are limited, but what is clear from obsclVation and
conversations with forest experts is that the vast majority of natural forests which originally
stood within the Region of Influence and within the province of T6touan have been seriously
degraded. This section will focus on replanted forest resources. The natural forest resources
that remain are considered under Section '4.4, Biotic Resources/Biodiversity. An overview of
human activity affecting these resources and measurable impacts is presented in Table 4.3.

The most destructive period for the area's forest produ~on occurred under Spanish role in
the rust half of this century. T~ouan was considered the wood store for Spain at a critical
pOint in Spanish development, and the forests were extensively harvested.

4.2.1 The Resource

Within the watershed bordered by F'nideq to the north, the Martil plain to the south, and the
ridge of the Dorsale Calcaire lies approximately 4500 hecta.res of plantation forest at various
stages of development. The plantations are monospecific and limited primarily to seven
species of pine and two varieties of eucalyptus. The most common spec.es in the plantation
areas are Pinus pinea, Pinus radiata, Pinus halepensis, and Pinus pilaster. In addition,
approximately 30 percent of agricultural lands are planted with 'windbreaks, the vast majority
of which are single-row stands of Cedrus atlantica.
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Table 4.3 Ove"l", 01 Plantation Foresta

The Repource

Withln tbe immediate Region
Alea bordmd by F'nideq (North), Martll plains (8), and west ridge of Dorsale
Calcaire • 4500 hectares (seven species of pioe and tw~ varieties of eucalyptus)
Area North of T~touao (Zem Zem V)-l100 bectares (pine and eucalyptus)

Within the Region of lnOuence
The three provinces of Tc!touan, Chefchaouen, and Laracbe contain approximately
148,000 hectares; 47,000 ha of plantation forests have been reduced to 27,300 ha (by
42 percent) over 20 years

The plantation forest is the source of fuelwood construction materials and nonwood materials.

Human Activitl

Fuelwood
Fonnal production accounts for 2S
percent of supply in Provincial Tc!touan

Shortfall is made up by clandestine
overharvesting from natural stands and
imports from other provittl'" "

Fuelwood used as energy source in
bakeries, Iwmoms (public baths), brick
factories, lime kilos

Construction
Poles for temporary scaffolding
Poles are generally recycled

Nonwood Forest Products
Myrtle
Briar
Code

• Production is highly variable

Measurable Impacts

Greatest urban·based threat to the long­
term productivity of tbe forest

Recreation
Tourists who hunt (00 revenue data
exists)

Employment
Stat~ himI wolkers for reforestation,
;,tnoyaBe cleaning of undergrowth, and

. fire guards

Employment for 3100 individuals

Convetsion to Agricultural Laud

Settlement in forest for
traditional crops
livestock (sraze in forest)
Cannabis culture for hashish or
kif
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The largest plantation forest in the immediate area of urban T6touan is known as Zem Zem V
and ranks among the most important for its potential as a future resource. Approximately
1100 hectares have been planted with large tracts of Pinus halepensis and smaller areas of
Pinus canariensis, Pinus pi/aster, Pinus pinea, and Eucalyptus gomphocephala. The largest
trees, between two and six meters tall, stand among bushes of myrtle and briar and occasional
groves of cork oak} The region is punctuated with small farms and notable for the lack of
any vegetation taller than a few meters over 90 percent of the area.

Because urban T6touan is meeting demand for forest products through imports from inland
T6touan, Chefchaouen, and Larache, these three provinces constitute the forest resource.
Although the province of T6touan is celebrated as containing the greatest forest resource in
the country, defmitions and estimates of the existing forest in this area vary widely. For
example, 'The World Bank's estimate falls in the 148,000 hectare range, of which
approximately 28,000 hectares is plantation (WB/AOD, 1990: 61, 79). Unfortunately The
World Bank: estimates are not further quantified. However, the results of a survey based upon
aerial photographs between 1966 and 1986 reveals that total forest in the ROI declined from
47,100 ha to 27,300 ha (Boukil et aI., 1987:-43). This represents a 42 percent decrease in the
size of the forest (Table 4.4). Likewise, the area covered by mattoral, a tough thorny scrub
vegetation, declined from 150,974 hectares to 93,816 hectares, also a decline of 40 percent.
Mattora! replaces the forest understory when heavy grazing occurs. It also is grazed but is
better able to withstand heavy grazing than the forest understory. Apparently much of the
land taken out of forest and mattoral was converted to fannland: fannland expanded from
82,800 ha to 159,700 ha, a 92 percent increase.

Much of the 11,000 ha of T6touan's forest is older plantation that has been moderately or
severely degraded, due primarily to overharvesting, grazing, and fIres, which reportedly are
set by rural fanners to clear agricultural land. Rural opposition to refores.tation campaigns
continues to frustrate local officials.

The World' Bank is in the midst of implementing a massive demarcation campaign in the Rif
area, including provincial T6touan and Larache. The purpose of the campaign will be to set
boundaries on existing forests and draw up the necessary legal documents to establish title by
the state.

2 Myrtle, briar, and cork all represent signifIcant non-wood materials that are formally
produced in other regions of the province and of Morocco (see 4.2.2, Human Activities, Other
Productive Capacity). Evidence of clandestine harvesting of the cork oak, as well as grazing
and animal feed collection from trees, was noticeable throughout Zem Zem V.
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Table 4.4
Forest Degradation, Mattoral Degradation and Increase

in Farmloand in the Provinces of T~touan, Chefchaouen, and Larache, 1966-86

1966 1986

Forest Mattora! Fannland Forest Mattoral Fannland
(scrub) (scrub)

.····_······_······_······_······_·heetares--······_····_--••..__•....•...•..._-
T4!touan 11.099 59.785 40.519 4,032 31.609 75,762

Chefcbaouen 21,648 79,220 36,386 19,912 52,574 70,768

Larache 8,399 11,969 5,879 3,412 9.633 13,202

Total 47,146 150.974 82,784 27,356 93,816 159,732
Source: Boukll et III.. 19: 17

4.2.2 Human Activities

The forest iii T~touan is not only a source of fuelwood and non-wood products. Local
authorities perceive it as a crucial bamer against erosion of watersheds, a natural protector of
regional highways, and a source of recreation, tourism revenue, and employment. Many rural
groups consider the forest a prime source of agricultural land.

Fuelwood

Fuelwood collection represents the greatest urban-generated threat to the future production of
the forest resource. In Tcitouan, it is used primarily as an energy source in the hamams
(public baths), bakeries, brick factories, and lime kilns and is not used for household
cooking.3 In social teons, both the bakeries and hamams are vital for the local population;
bread baked in wood-fired ovens and social gatherings. in the baths constitute fundamental
elements of Moroccan culture in this region.' Conversion to fossil-based energy generation
may well become cost-effective for industrial production of ~ricks and lime (especially with'

3 Even in lower-income neighborhoods, the primary cooking fuel is butane. Charcoal and
fIrewood are used occasionally for flavor pwposes. A large majority of urban housing is
wired for eleetridty.
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the development of new natural gas supplies),· but for cultural reasons wood likely will
continue to serve as a key energy source in the baths and bakeries for the foreseeable future.

Infonnation on the actual supply and demand for fuelwood in urban T6touan is limited. It is
generally estimated that fonnal domestic production of fuelwood in Morocco equals only 45
percent of domestic consumption (WB/AOD, 1990: 283 et seq.). Published government
statistics on production in provincial TcStouan indicate that the imbalance between demand and
supply is even more acute in this heavily forested region. In 1989, the province officially
produced 14,070 steres or 21,646 cubic meters. Urban consumption was estimated at 88,761
cubic meters or 250 kg per capita. The shortfall is made up through clandestine
overharvesting of fuelwood from plantations and natural stands and through imports from
other regions, leading to degradation.

At a rate of consumption limited to 1.3 metric tons per household per year (RdM/DEFCS,
1990b), the urban population of TcStouan currently requires 19,000 to 31,500 hectares of
forest, assuming an average productivity of 5 cubic meters/ha/yr and 3 cubic meters/ha/yr
respectively.' Price data in local markets is not gathered over time. However, a check of the
price for a stere of fuelwood in the city of T6touan sold in November 1991 indicated the spot
price was Dhl00 (RdM/MARA/DEFCS M'diq personal communication), about $12 at current
exchange rates (Dh8.49/$). (A more complete discussion of the supply and demand for
fuelwood is contained in Section 4.2.3, Measurable Impacts).

Nettoyage

The organizations responsible for forest maintenance are the local communes, small
communities of residents who oversee forest production, reforestation, and the general
maintenance of the resource in that area or.nettoyage (the cleaning of undergrowth). Revenue
earned through public sale of forest products and from the government in exchange for labor
is channeled through the commune and creates a large, if variable, income source. Total
commune receipts from forestry increased from Dh135,OOO in 1977 to more than Dh2 million
in 1990, peaking at Dh3.3 million in 1989 (Service Forestier, 1991).

• In Apri11991, Morocco signed an agreement with Spain and Algeria for the
construction of a natural gas pipeline extending from Algeria through the Strait of Gibraltar.
It is expected to provide 10 billion m3 of natural gas annually to the EC, beginning in 1995.
Two billion m3 will be diverted to Morocco annually for its own use (EIU, 1991).

, The World Bank estimates that current rates of productivity of pine plantations in
Morocco vary between 2.5 m3/ha/yr and 7.0 mJ/ha/yr (Note: conversion fOlmulae for
fuelwood by· The World Bank: 1 stere =0.65 m3 =0.47 metric tons; 1 m3 =0.72 metric tons;
1 metric ton =1.39 m3

] (WB/AOD 1990: 247).
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Through the communes, the forests serve as a major employer. The province of T6touan
considers reforestation and nettoyage to be a reliable and long-term source of productive
employment for rural residents. Other jobs created by the state include guarding against fues.
(Hiring of guards was noted as a major reason for decreased degradation [RdM/MIjPT, 1988]
and against penetration of plantations by grazing and infonnal fuelwood and animal feed
collection.) The Service Forestier noted in 1983 that such employment had provided an
average of 115,000 work days per year on a steady year-round basis over the previous five
years. Local officials estimated that, including reforestation activities and production of non­
wood 'commodities, total employment averaged 925,000 workdays annually
(RdM/MARA/DPAT, 1983: 17). Assuming 300 days of work per person per year,
government programs in forest production anticipate a total annual employment of nearly
3100 individuals.

In part because of the employment factor, natural regeneration of plantation resources has
been intentionally thwarted. The removal of ground cover by temporary laborers, part of an
extensive campaign against forest fires, has prevented natural regrowth in many forested
areas, especially'those closest to urban areas and highways. Local forest officials defend the
policy on biological grounds as well: removing ground cover removes the trees' competition
for water and nutrients. Nearly 2,600 tons of undergrowth was removed from forests in
TcStouan in 1989 (see Table 4.5). .

The forest region in Jbel Dersa, for example, contains extensive stands of plantation pine all
approximately three meters apart and 20 years old, below which grows a limited cover of
sage, palm, and a few species of flowering shrubs amid broad expanses of open dirt and rock.
No smaller saplings are in evidence. The Service Forestier notes that the state is ready to
replace forests after harvesting through planned cleareut; the T6touan region currently has
three nurseries with four permanent laborers (and 200 occasional laborers) and a productive
capacity of 3550 trees per year, anticipated to increase to 6500 trees annually.

Construction

Demand for wood to serve as temporary scaffolding is also considerable ~ a city involved in
major construction. Multiple construction sites revealed that eucalyptus poles are used for
scaffolds and bracing concrete and drying brick walls. Supply is reportedly met primarily
through forests in Larache, and construction firms use the same poles on many sites.

Other productive capacity

The forests also serve a critical role in the local economy as sowces of recreation. No data
exist on off-season revenue from tourists who hunt, but the Service Forestier noted that local
hotels anticipate increased business from European hunters (see Section 4.4, Biotic
ResowceslBiodiversity). .
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Communes not only produce fuelwood but also non-wood products from the forest, including
myrtle, an herb mashed and cooked into a medicinal oil; briar, a bush whose roots are
fashioned into tobacco pipes for export; and cork. The little data that exists (Table 4.5)
indicates that production by semester is highly variable.

Table 4.5
Wood Production and Other Forest Production

Province of Tftouan, 1989 and First Semester. 01 1990

J

IF 1989 (1) 1989 (2) 1990 (1)

Wood Products

Firewood (steres) 8,920 5,150 3,192

Piece wood for local use 2,815 200 1,106
(m3

)

Other Forest Products

Briar root (quintals) 14,950 --- 643

Briar flowers (tons) 600 560 ---
Myrtle (tons) --- 2,150 ---
Undergrowth (tons) . --- --- 2,593

Cork (steres) --- --- 5,726
ourcc: ~" lYlnS·lY~

Conversion to Agricultural Land

There has been a significant decline in the area devoted to forests in the Region of Influence.
As land in forest and mattoral declined significantly between 1966 and 1986, land in fanns
nearly doubled from 82,784 ha to 159,732 ha. The lack of a fOIDIalland tilling system has
led to the development of single and multiple family fanns in the midst of degraded forest.
Squatters reportedly must pay a fine but then are not forbidden to work the land.
(RdMlMARAlDEFCS/M'diq interview).

Specific data do not exist that can be used to describe the extent of land clearing nor the type
of production resulting from the cle~g. The author of the comparative photo study which
generated the data, M. Boukil, reported that as much as 50 percent lies fallow in any given
year, a fact that could reflect both poor soil productivity and misreporting of cropping to local
authorities.

The reasons for agricultural settlement of the forest are unclear. Urban growth does not' seem
t~ be spurring agricultural.expansion in the region (see Section 4.3, Agricultural Lands).
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Farmers settle land both to cultivate traditional crops and raise livestock (which graze in the
forest) and/or to respond to incentives created by dealers in hashish or kif. Tluee independent
sources reported that part of the clandestine commerce in the area included trade in drugs.
One individual described a process whereby dealers will induce fanners to cultivate small
trac::ts of land in the forest and pay, on their behalf, the settlement fmes incurred, thereby
achieving a pennanent supply source. Certainly the dramatic increase in agricultural
settlements, coupled with a lack of increased regional agricultural productivity, could be
explained by this phenomenon. Regardless of the cause, large tracts of forest are being
subsumed for agriculture by squatters, who rarely are evicted from public land.

4.2.3 Measurable Impacts

. Agricultural conversion, nettoyage, animal grazing, and fuelwood collection all threaten the
long-tenn productivity of the plantation forests. Agricultural conversion and overgrazing do
not seem to arise from urbanization but nevertheless are a serious threat to the forest resource.
Nettoyage clearly has a severe impact on the forests' ability to regenerate. This human
activity springs from the need to employ large numbers of people and to guard against forest
fues; the economic condition that compels local authorities to provide emp10yment through
nettoyage also generates significant replanting.

The greatest threat related to urbanization is fuelwood gathering. To develop a better
understanding of this activity an analytical model was developed that compares the current
demand trends and urban population trends with existing fuelwood resources. The model is
based on the assumption of a constant demand for fuelwood of 1.3 m3 per household per year
(or 250 kg per person) with supply coming exclusively from sustainable production of
remaining undegraded stands augmented by mature plantation. coming on line for production
in 1995 as a result of the national reforestation campaign (see Appendix B for more detail).

As shown in Figure 4.1, the area within the ROI devoted to plantation forests is adequate to
sustain urban T6touan demand for fuelwood into the foreseeable future. The figure depicts
the area dedicated to the production of wood given the remaining undegraded' resource and
addition to it under the reforestation campaign (_ in the figure). An assumption that wood is.
produced at an average rate of 3 m3/ha/yr through 2011 (+) allows a small but steady surplus
over total consumption by urban T~touan (p=3m3

). Increasing sustainable production to 7
m3/ha/yr (A) demonstrates that the region could experience a much larger wood surplus as .
soon as 1997. Because the forests of provincial Tetouan, Larache, and Chefchaouen provide
fuelwood and timber for many urban locations throughout the nation, producing a substantial
sustainable swplus over the total required for urban Tetouan is crucial. Furthemore, if the
average productivity of a hectare of forest were 7 m3/ha/yr, urban demand for fuelwood in
2011 (assuming no changes in industrial consumption) would require only 14,000 productive

, hectares (see also Appendix B). Clearly, th~ rate of production is the most imponant factor
for future sustamability of the forest resource.
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Figure 4.1
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Continuing urbanization of T6touan therefore poses a modera~e rather than severe threat to·the
existing forests in the region of influence for the following reasons:

1) Forests lIe considered not a renewable resource as much as a l'q)licable resource, .
given the importance of employment generation through reforestation projects. The
almost total degradation of natural forests has generated a continuing commibDent to
plantation forestry. While plans for expanded. forest generation and extensive existing
resOUlCeS promise to meet urban demand for the foreseeable future, degradation and
overharvesting of existing plantations are significant. .

. .
The prevention of the forest regeneration along with other impacts, most importantly
agricultural conveision, does theesuen the resource in the medium term.

2) Urban demand for forest products is limited to traditional energy use in hamams,
bakeries, lime kilns, and brick factories. Some of that use is likely to slacken in the
coming years.
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3) The major threat to the ROI's forest resources is not urban demand for forest products
but a combination of agricultural expansion not directly related to urban growth and
rural opposition to reforestation.

4) Changes in how the resources is managed--chiefly greater attention to productivity-­
could maintain the employment value of the resources while meeting urban needs
sustainably.

4.3 AGRICULTURAL LANDS

Agriculturally, T6touan is not a major agricultural region compared with other parts of the
country. Agriculture, stock-breeding, and fishing together contribute less than 3 percent to
provincial ODP and account for 1.1 percent of provincial employment (against a national
average of 46.S percent). The sector's share of regional employment declined almost 10
percent between 1960 and 1981. In the same period, agricultural settlement of the forest
almost doubled in total area (see Section 4.2,' Plantation Forests). An overview of this
resource is provided in Table 4.6.

4;3.1 The Resource

Agriculture in the ROI is primarily conducted for subsistence. A few low-value-added crops
are raised. Neither the region of influence nor the province in general have contributed to the
recent development in Morocco of high-value-added pre-season tomatoes' and other produce
destined for the EC. 1broughout the province, approximately 50,000 hectares is cultivated
annually, approximately 30 percent of which produces in two sequential seasons. Eighty-four
percent of cultivated land is planted with cereals including wheat, com, and sorghum
(RdM/MHAT, 1984b: Economie), and in any given year roughly 20 percent lies fallow.. In
addition to ceroals, T6touan farmers raise a variety of other crops. T6touan is the national
leader in production of "other legumes," primarily beans, and contributes to national
production of sunflowers, nuts, sugar beets, and sugar cane (RdM/MARAIDPAE, 1991).

Exact figures are unavailable on market share of produce sold locally versus exported to other
Moroccan regions. Local agriculture officials agree that a small portion of land is dedicated
to meeting regional urban demand for cultivated produce; a much larger proportion is
dedicated ·to·grazing of livestock for regional rural and urban consumption. Urban demand
for locally grown produce could have a major impact on the local price regime, employment
in the agricultural sector, and profitability of the land resou.ree. An informal survey of the
produce for sale in the main souk (market) in the business district of T6touan revealed,
however, that the majority of produce was trucked in from more fertile southeastern regions.
Fresh meat and local milk were in evidence. .

Productivity is low compared with national averages. Winter cereal production, for example,
averaged 6.88 quintals (1 qx=l00 kg) per hectare against a national average of 10.41 qx/ha.
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Table 4.6 Overview of Agricultural Lands

The Resource

Minor role in Region of Influence
• Provides 2.4% of ODP

1.1% of employment
• Ag employment has declined 16% from 1960 to 1980

Crop Production

• 50,000 hectares (20 percent fallow)
• 84 percent
• 16 percent legumes, tomatoes, other fruits and vegetables

Livestock

• Infonnal grazing on all available land

Human Activity

• Conversion of land to urban use
- Limited to date
- Very high future potential

• Abandonment of fauns

• Mining on crop or pasture land
. primarily clay for brick
- Commercial
- Clandestine

• Irrigation of about 1,000 hectares

OveraU Impacts

Measurable Impacts

• Loss of agricultur,I land and forest

• Loss of production
• Forest is being converted to cropland

clandestinely

• Destruction and disfigurement of
agricultural land

• Aesthetic effect

• Some raw sewage in itrigation water -­
potential fecal contamination

• Impact on health

The overall impact of human activities on agricultural land is slight, due to the resource's low
basellile productivity. The greater impact of conversion of agricU1turalland is not to its
productivity but to the cultural heritage and lifestyle of the area.
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Spring cereals (primarily com) averaged 4.79 qx/h(l. against a national average of 8.09
(RdM/MHAT, 1984b: Economie). Despite the location of most ~griculturallands on the
Martil 'and Smir plains, the land has only a shallow layer of topsoil, a high water table (a few
meters in places), and low soil penneabillty. Annual flooding and high moisture during eight
months of the year result in extensive waterlogging; during the remaining four months, the
lack of irrigation is considered a serious constraint to productivity (RdM/MARAIDPT[l]).

In contrast to crop agriculture, livestock breeding is a small but thriving subsector. Grazing
of sheep, goats, and catde takes place not only on traditional agricultural plots but in the city,
on the beach, in the foretJt, along major highways, in solid waste landfills--virtually anywhere
a morsel of food might be found. The "resource" for the purposes of livestock breeding is
therefore limited only by the ability of animals to gain physical access to the land.

4.3.2 Human Activities

A~tivities affecting the resource inclu,de direct urbanization, mining, measures to increase
productivity to meet urban demand (minimal), irrigation using contaminated wastewater
(municipal and industrial), agroforestry, and raising of livestock for milk and meat.

Urbanization

In a few cases, development of planned and actual lotissements--subdivisions--tends to have
accounted for the conversion of agricultural land to urban development. An area of 400
hectares of agricultural land along the Marti! River has been reduced to 100 ha by
development. In Torreta, a total of 100 cultivated hectares has been reduced to 70 ha
(RdM/MARAIDPAT interviews). Although the total lost to date is not great in proportion to
all agricultural lands, indications are that tuban encroachment may accelerate (see Section 2.7,
T6touan in the Future). Given the development of residences for higher-income buyers in
many instances, land conversion in these cases clearly increases the market value of the land,
no~ithstanding the current lack of demand by renters and buyers.

Mining

Mining of fonner fannland for construction gravel and sand was evident in several locations
along the Martil riverbed. Both large-scale authorized mining operations and clandestine
mining took place in land abutting productive fields. In one case, the resulting pits revealed a
high water table and the gennination of wetland vegetation. Mining for clay used in the
region's single cement factory and several briqueteries has absorbed a considerable portion of
agricultur&1land. Given the building boom in T6tou3n, demand for clay is likely to increase..
Briqueteries currently produce an average of 9000 bricks daily, excavating an area of SOOO m1

annually (RdM/MHAT 1984b: Environment: 7), and clay is readily and cbeaply available in
fonnerly cultivated land. Exact figures are unavailable on the amount of fonnerly or
curr~ndy cultivated land used for this pwpose.
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Irrigation and Agroforestry

Irrigation is not widely practiced in the MartU or Sma plains, due to the high marginal costs
of infrastructure and the lack of opportunities for economies of scale: in the region of
influence most fanns are less than one hectare in size and fanns larger than five hectares
represent only 6 percent of total·cultivated land (RdM/MARAIDPf [1]). Irrigation takes
place on some SOO ha of af.¢culturallands along the Alila River. An additional SOO ha
scattered throughout the r"gion are irrigated tluough wells. Cabo Negro resort turf and
landscape areas make limited use of treated wastewater for, irrigation. In addition, 30 ha of
agricultural land along the Martil River are irrigated with wastewater from MartU.

Many fanners have planted stands of cedars around the perimeter of their fields as
windbreaks; many other farms appear abandoned to wasteland or grazing as their owners
reponedly have fled to urban areas in search of employment. Exact figures are not available
to quantify this phenomenon. At the same time, there seems to be a dramatic increase in the
settlement of forested areas for agriculture; whether the newer cultivations are primarily for
subsistence or c8sh crops is not known.

Livestock

Raising of cattle, sheep, chickens, and other livestock for meat and dairy also constitutes a
minor industry and a prevalent use of open land, beaches, fallow frelds, and forests. Farmers
in the Zem Zem V forest were observed breaking off bfanches of the few remaining non­
plantation trees for animal feed. Production figures for milk and meat during the f1l'St half of
1990 demonstrate that production is not insignificant (see Table 4.7).

Table 4.7
M~,t and MUk Production

Province of T~toDan, 1990(1)

Number of YICId
Head

Cattle 8682 1322 tODS

Sheep 13,466 172 tODS

Goats 5164 54 tons
i

Poultry ,5'J7,2C11 848 tons

Milk .- 7.4 million Iilel'll

source: ... lll'W.
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4.3.3 Measurable Impact

The impact of these various human activities on the resource is slight, given the resource's
low baseline productivity. Although comparative rates of return could not 00 prepared in the
time allotted for this study, it is likely that they would reveal that use of relatively
unproductive agricultural land for grazing, extraction of raw materials, and suburban
developmenl all con.stitute far more economical uses of the land than agriculture. The
aesthetic effect of random mining, the implicit subsidization of companies that are permitted
to extract raw ~aaterials free of charge from common property, and open grazing by livestock
of public land:3 are three iflsues that deserve further consideration by the Tetouan authorities.
In addition, 30 ha of agricultural land along the Martil are irrigated with wastewater from
Martil. The potential health effects of fecal contamination on produce are significant but as
yet unmeasured. .

Agriculture and livestock fanning have not constituted a major source of income for TlStouan
in the past and do not promise to do so in ~e future. Changes in the structure of the
provincial economy are making market competition nearly impossible and minimal survival
very difficult for crop fanners of the Martil and Smir plains; livestock farmers seem to be
faring better because of the urban demand for freshly butchered meats and the broad
accessibility of grazing lands in the plains and degraded forests. .The greatest threat of the
common trends toward conversion of agricultural land is not to the productivity of the land
but to the cultural heritage of the Tetouan fanning community.

4.4 BIOTIC RESOURCES/BIODIVERSITY

The biological diversity on Barth represents a genetic library of infolDlation about possible
ways to survive dte conditions that exist on the planet. It is imperative to preserve this
diversity (i.e., this infonnation), both for it$ intrinsic value and for its potential value to
humanity. The following r:',cctions evaluate the state of the biota in each of the major habitat
types in the Tetouan area incorporating discussion of the resource, human uses, and impacts.

4.4.1 Terrestrial PlorZ'.

The Tetouan area includes two distinct biogeographic provinces. The coastal plain has a
warm semiarid climate and sedimentary soils, whereas the uplands are wetter and have
alkaline, calcareous soils. These two areas have characteristic flora (Appendix E-l) that are
distinct to this part of Morocco (Duvall, 1938; Mallyani, 1988).

Very little remains of these indigenous flora. Logging during the lust half of the century was
reportedly very intensive, denuding large areas. Subsequent clearing of land for agricul~
has further reduced the forests. The proportion of original forest that remains is unknown,
despite the large quantity of forestry data available. Vegetation maps (A. Boukil,
unpublished) and personal observation suggest that the forests that once covered northern
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Morocco now exist as scattered individual trees or small groups of trees, mainly in the
severely degraded "forests" of Jbel Zem Zem and Cabo Negro. The team never observec!
anything that could be characterized as an original stand of native trees.

The remaining native forest is under severe pressure. Large areas of land are converted to
agriculture each year (Tables 4.8 and 4.9). It is not clear exactly what factors drive this
process; among·the possibilities are shifting agriculture, regional population growth, and
Cannabis cultivation (see Section 4.2, Plantation Forests). Whatever the cause, the annual
rate of loss of forested land (Table 4.8) suggests that the half-life of the remaining native
flora is approximately five years.

Table 4.8
Changing Vegetation Cover, Based on Evaluation of Aerial Photographs Taken in

1966 and 1986, in a Study Area in Southern Tetouan Province.
Adapted from BoukU et al., 1987.

1966 1986 Net change Annual change

Area . Area Area Area/yr
(ha) % (ha) % (ha) % (ha) %/yr

PoreSt 11100 10.0 4030 3.6 ·7C110 ·63.7 - 353 -3.2

Scrub S9800 53.7 31600 28.4 ·28200 -47.1 -1410 -2.4

Agriculture 4OSOO 36.4 7S800 68.0 +3S200 +87.0 +1760 +4.4

Table 4.9
Changing Area in Natural Forest and Reforestation. The Data are

Taken from a Study Area in Soutbern Tetouan Province in 1966 and 1986.
. Adapted from BoukU et al.1987.

1966 1986 Tolal change AnnUal change

AIea (hi) Area (ha) Alea (ha) ~ Aea(ha) 1 %-
Porested 8199 561 ·8238 -92 -412 -13

Refore8~d 1664 3389 +1725 +104 +86.3 +3.1

Other hiunan activities are accelerating the demise of the forest. Nearly all of the land in the
study area (e.g., 92.2 percent in the Smir River waters~ed [Boukil ~t al., 1988]) belongs to the
state, which imposes virtually no restrictions on its use by individuals. Consequendy, sheep,
catde, goats, and donkeys graze virtually everywhere, eliminating the understory. Wood is
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cut for local use or sale in T6touan, and lower branches of trees are harvested to provide
forag., for animals. Nettoyage allows little or no natural regeneration. .

.
Reforestation will not improve the situation. Although extensive reforestation. has taken place
in the study area, it is clear that preservation of biodiversity is not a goal of the program.
Only a very small number of species are even considered for reforestation
(RdM/MARAIDECFS, 1978). In practice 81 percent of the reforestation in northern Morocco
consists of a single species, Pinus halepensis (Pin d.'Alep). A few other species also are
planted (Appendix B-1), but the native flora do not figure among them. The calk oak
(Quercus suber), which once covered most of the area, is described as being too difficult to
cultivate in nurseries. The goals of reforestation are apparently to prevent erosion, to produce
harvestable wood rapidly, and to provide employment (Boukil et aI., 1988). Measures to
sustain existing forest were never mentioned by any document or·official.

In addition, natural regeneration will not pr:eserve the indigenous flora. 1'he undergrowth is
generally so heavily grazed that spontaneous regeneration from seedlings in both natural and
plantation settings is virtually nil, except perhaps in the most remote areas. Quercus suber
has some success reproducing vegetatively, but not sexually. Thus, species that are not
actively reforested seem doomed to disappear.

The forest understory has suffered the same fate as the trees. The understory vegetation
(Appendix E-l), when grazed by livestock, is replaced by mattoral, a tougher, thorny, scrub
vegetation. The mattoral is also used as forage by livestock, but it is able to tolerate
moderate levels of herbivory. While the mattoral vegetation is not in imminent danger of
disappearing, it too is declining, with a half-life of 21 years.

4.4.2 Terrestrial Fauna

InfoI1llation about native animal populations is very scarce. Several species in the Rif
Mountains are thought to be endangered, mainly due to loss of habitat (Duvall, 1988).
Development in the study area is unlikely to affect this.

Much of the native fauna of the area probably has already disappeared. Many animal species
(especially bird~) require specific types of vegetation to survive and to bleed. The degraded
state. of the vegetation suggests that much of the accompanying fauna is probably even more
degraded. It wc:.:dd require extensive additional stUdy to determine which species have
suffered and to what ext~nt. At this point, it is unlikely that further development iii the area
will make the situation worse, except insofar as the remaining habitat for animals continues to
disappear.

Hunted animals are a special case. As of January I, 1992, the European community banned
all hunting within its boundaries. Morocco represents the nearest attractive hunting region for
western Europe. A well-regulated hunt could conceivably attract significant numbers of
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visitors at a time of the year that is otherwise very quiet. Over the past decade, there has
been a steady increase in the number of hunting permits issued (Appendix B-2). Of these, 85
percent are issued to foreigners.. Clearly, there is a potential to overexploit prey populations.

The Moroccan authorities recognize this potential, and a system of permanent and rotating
game preserves (amodiations) has been established. The latter are privately managed and
monitored. They limit the number of hunters and they promote protection of wildlife habitat.
Thjs' scheme appears to be effective: before privatization, each state game warden monitored,
on average, 25,000 ha of land; now, each private warden monitors 500-1000 ha (A. Sekkate,
personal communication).

Based on the hunt statistics provided by the 81nodiations for partridge, rabbit, and hare, there
is no evidence that huntiitg is reducing population density. Catch per unit effort has remained
essentially unchanged since 1981. However, large-bodied, slowly reproducing animals StIch
as deer and boar are far more likely to suffer from overhunting than are rabbits. Moreover,
rabbits and hares undoubtedly tolerate degraded habitat to a much greater extent than do
larger and more specialized species. Unfortunately, no data appear to exist for the larger
mammals, water birds, or for non-game species in general. Anecdotal reports of declining
poaching due to declining stocks do exist (Sekkate. 1991). Therefore. we conclude that
although there is no extensive evidence of overexploitation of game species, the question
requires further study.

4.4.3 Wetlands: Lac Smir and Surrounding Marshes

The Tetouan area lUIS been designated an area of very high ecological sensitivity (WB, Em,
1990), principally because of the importance of its wetlands to migratory birds. Paleotropicai
migrant birds from the western half of Europe pass through Spain and over the Strait of
Gibraltar to wintering grounds in Africa. The fmt important wetland area that they encounter
in northern Africa is Lac Smir, at the mouth of the Smir River. The wedands around Lac
Smir, one other wetland farther south in T6touan province (the mouth of the Lankos River),
and four' wedands in Tangier province are the main bird habitats in northern Morocco
(Sekkate, 1991). .

Lac Smir is physically very diverse. In 1988, it included approximately 3 km2 of open water,
bordered by 30 km2 of land that is perinanendy wet or seasonally flooded. The lake contains
a strong salinity gradient, varying from 1°/00 (one part per thousand of salt) where the Smir
River enters to 3SO/oo near the sea (Bekkali, 1987).

Thi~ physical diversity permits an exceptionally wide variety of aquatic plants. The wedands
contain abundant emergent vegetation, dominated by salt-tolerant species in more saline areas
(e.g., Salieornia /ruetcosa and Juneus martinus) and freshwater species upstream (e.g.,
Phragmites (:ommunis, Typha angustilolia. and Tamarix gal/iea). .
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Lac Smir is equally rich in aquatic fauna. It is noted as an important stopover for migratory
birds, as well as a permanent wintering ground for waterfowl. A census of aquatic birds on
Lac Smir on 1anuary 11 and 16, 1984, identified 16 resident species (Appendix B-3). The
lake has also traditionally hosted an impressive variety of fish and crustaceans (Appendix B­
4).

The fauna of Lac Smir also are important economically. Many of the aquatic birds on Lac
Smir are very attractive game species for hunters. The natural value of these diverse bird
communities in terms of ecotourism should also not be overlooked. Finally, the shrimp and
other crustaceans that use Lake Smir as a breeding ground are potentially valuable to the local
fISheries.

TItree aspects of development now threaten the biological integrity of Lac Smir: interruption
of the source of freshwater, interruption of contact with the sea, and inputs of untreated
wastewaters. Prior to 1988, freshwater entered Lac Smir mainly through the Smir River and
secondarily through groundwater during the 'winter months. The Smir Dam, constructed to
supply drinking water to the T6touan network, has eliminated surface inputs of freshwater to
Lac Smir entirely since that time. At about the same time, the marina associated with the .
Kabila tourist complex was constructed. The natural mouth of the Smir River and the
marshland north of Lac Smir were filled in. A dike on the eastern end of Lac Smir cut
communication with the Mediterranean.

These development activities have had serious consequences for the resident biota. The
freshwater flow is the main source by which water is renewed in the lake. Its elimination has
already led to a significant decline in the water level. Consequently, shallow areas of the
marsh have been exposed and have dried out, destroying their biological usefulness.
Blimination of the freshwater flow also has caused the entire system to become stagnant.
Stagnant waters that are rich in organic matter (e.g., marshes) rapidly become anaerobic and
usually generate significant quantities of methane (a potent greenhouse gas) and hydrogen
sulfide (which is toxic and foul-smelling). Anoxia leads to death of most of the fauna, except
those tha~ live in the surface film (e.g., mosquito larvae).

Blimination of the connection between Lac Smir and the Mediterranean affe<::ts both the
salinity of the system and its accessibility to marine organisms.. Groundwater, whose salinity
is about 1°/00, is now the sale source of water to the lake. Much of the existing flora is
halophytic: it will not tolerate low salinity indefInitely. The lake also was used by numerous
marine organisms such as shrimp, eels, and fish as a breeding ground. These animals no
longer have access to the lake.' Fish and eels, in particular, formerly provided natural control
of mosquitoes by preying on the mosquito larvae. Mosquitoes are a serious problem in the
area (RdM/MIIPT, 1988, 1989), and one that the locals report is worsening.

Wastewater inputs to Lac Smir also pose several problems. Wastewaters generally contain
high levels of organic matter, heavy metals, and xenobiotic organics (e.g., pesticides, PCB's).
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Decomposition of the organic matter accelerates deoxygenation of the water. Wastewater also
includes disproportionately high levelu of inorganic nutrients (nitrogen, potassium,
phosphorus), which stimulate plant growth and which in tum tend to reduce plant diversity.
Many heavy metals and xenobiotics are clearly highly toxic to animals in general and to birds
in particular, often interfering with reproduction and development.

Most of the effects described above are acute. Loss of marsh area and exclusion of marine
biota are apparent already. Major shifts in plant composition can be expected in five to ten
years. Toxic effects on wildlife typically become evident in two decades. Changes in
migratory patterns and population density parallel the deterioration of biotic conditions.

4.4.4 pther Wetland Areas

There are numerous other minor wetland areas in the Tl!touan region, particularly along the
banks of the Martil and Alila rivers. The banks of the Martil have been heavily developed
for industry, agriculture, and mining. Most of these areas are devoid of native flora or fauna.
However, in the infrequent areas in which vegetation along the streambed has been relativ.ely
undisturbed, aquatic waterfowl are abundant. Wetlands on riverb~s are often particularly
desirable ones because they are not generally favorable habitat for mosquitoes. Development
immediately along the shores of the rivers destroys the natural vegetation and eliminates their . .'
biological utility. Sand excavation on riverbanks is particularly devastating.

It has been suggested that a strip of seasonally inundated land extending north from the
T~touan airport to the Alila River be considered as a site for a pond-wetland wastewater
treatment facility (Carrol, 1991). The area has relatively low biological diversity due to the
seasonal nature of flooding. Continuous flooding with treated wastewater might actually be
beneficial by promoting further wetland development. Possible negative effects include .
exposure of waterfowl to waters rich in metals and xenobiotics. The proposal merits a more
detailed environmental assessment.

4.4.5 Freshwater Biota

Biological diversity is low in the lakes near T~touan, Almost all of the standing freshwater is
in the reserv~irs that provide Tl!touan's water supply. Because precipitation in the area is
almost entirely seasonal, the water level in these reservoirs fluctuates dramatically. These
fluctuations preclude the growth of rooted aquatic plants. Without these plants, the bottom­
dwelling invertebrates upon which fish feed do not flourish, so that the fauna of such
reservoirs is very poor. Development is unlikely to threaten it.

The Marti1 River is a potentially rich habitat for aquatic organisms. The severe pollution in
the river has led to the disappearance of the nonnal invertebrate fauna along much of its
length. Instead, one finds very species-poor assemblages of invertebrate organisms that
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tolerate high levels of pollutants (e.g. Tubifex spp.; M. El Alami, Universit6 Abdelonalek
Bssaadi, unpublished data).

Finally, the dead arm of the Martil River is another potentially interesting freshwater habitat.
The ann now receives large amounts of ~ntreated sewage from the town of Martil. Since its
connection with the MartU River was severed by the construction of a causeway, the dead
ann is now stagnant. No data are available concerning its biota; however, on its surface are
large, floating mats of cyanobacteria. Cyanobacteria are characteristic of badly polluted
systems. They often release toxins into the water and produce noxious odors. They generally
constitute very poor food for aquatic animals. Again, further development is unlikely to make
the situation worse.

In conclusion, the condition of the freshwaters in the region is so poor that biodiversity is
hardly a question.

4.4.6 Coastal and Marine Biota

See Sections 4.1, Coastal Resources, and 5.4, Marine Fisheries.
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5.0 WATER RESOURCES

Pressures from urbanization can have substantial impacts on water resources, from both
degradation and over-exploitation. Water resources examined include surface water,
groundwater, and marine resources. An overview of the resources, human activity affecting
the resources, and measurable impacts from these activities is presented in Table 5.1.

Urbanization's impact is severe on the quality and quantity of surface and groundwater
downstream of T6touan and its satellite towns. Upstream resources are differentially affected:
the quantities of surface waters are in general only slightly affected, whereas upstream water
quality is to a certain extent moderately degraded.

5.1. SURFACE WATER

5.1.1. Resource Description

The ROJ is composed essentially of the four coastal Mediterranean watersheds as shown in
Figure 5.1. These four watersheds are:

- Martil,
- Smir,
- Negro, and
- Kendissa.

Although the four watersheds constitute separate entities, the existing infrastructures for water
mlmagement, distribution, and treatment are intrinsically linked among localities in the basins.
The resource should be globally shared, centrally managed, and planned in T6touan to cover
the needs of human activities in the four watersheds.

Precipitation is the renewable source that supplies water for'use, management, and planning.
Major precipitation data and other climatic parameters are summarized in Figure S.2. The
flow rate in the Marti! (60 Jan) as measured at 13 km upstream of the river mouth shows an
average of 0.27 m'J/sec dwcing the driest month, versus a high of 43.1S m3/sec during January.
The average annual flow i3 13.75 m3/sec (MARA-T6touan).

Actual hydrologic monitoring of the Marti! indicates that the yearly net rainfall is 3S3 mm.
This value translates into efficient annual runoff of 427 Mm3 into the Marti! drainage basin,
90 percent of the average annual runoff. However, the extreme regimes, which appear to
occur every ten years, can drastically increase (893 Mln3 in 1968-1969) or decrease (119 Mm3

in 1982-983) the annual input.
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Table 5.1. Overview of Water Resources

,~~~l_§\~~®1111i1~!I__:i,['j~:!:.[,:!::::;:::fj·1::\·11,::1:!;:[1\1:'f:\!;:t~Ii::;1:~:!t::;(ii~;!::lj:I!:!jl·

SURFACE WATER

1bI: ROI CoosislS of four separate wateJSheds.
linb:d to T6touID aDd the surrounding localilics.
1bI: wateIShcds cxpcriCDCC extreme tlUCtuatiOllS in
water volume; foe example the Marti! ranged from
119 to 893 MmJ per~. according to recenl
SIIIistics.

Watenlled
Marti!
Smir
Negro
Faidcq

Avenp~ (Mat')
427
2S
12
12

Solid and~ Disposal
• 25,340 mJ per day (9.2 MmJ/yr) of industrial and

domestic wastewater
• Disposal of as much as 30 percent of genemted solid

waste into rivers
• J~~~ coruamioarion from UDCOIUI'Olled laadfills

Sand aDd Gravel Excavation
• Extraction of undefiooi qulDlities of sand aDd gravel

from IDDIIIbs and baDb of ManU aDd Alila rivem

Infrastructure Dcvelopmenls
• BuildiDg the Nakhla and Smir dams

• Deteriorall:d W1IlCI' quality. widl IJUmClOQS pollutants
at levels above U.s. SIaDdaIds .

• Closure of ODe Manit river Uttakc for cfomcstic waIer.

• Free oxygen eJNiroomcm promoces odolS aDd~

• DeterioraJJed water qualily. with various suspendrd
solids

• Siltation caused by clear euttiDg in waleJShed n:duces
regu1aled volume of water

.GROUNDWATER

1bI: ROI has four aquifers. the largcst being abc
~ I Allavia1 Martil-Alila. approximately 80 square
N kilometers. Tbc aquifers are cbaracterized as

follows:

Recharge Water
Area Rate Sappliecl
(br) (MIIl~ (Mm')

Manil-AliJa 80- 13.8 6.6
Smir 9 NA 1.7
Negro 10 NA 0.7
FDideq NA NA 0.6

• Level of exchange between aquifers and swface
rivers is DOt well defined.

Solid aDd Liquid Disposal
• lDfi1.ttalioo of effluents from private cesspools in

Marbl
• InIrusion ioto Smir aquifer from wetlands receiving

M'dig effluents
• CcllltamioabOll of Martil-Alila and Smir aquifers by

1aDdfi1llcacha1eS

Over-cxploilatioD of Resource
• Salt intrusion into all aquifers resulting from

ovapumping by private usem

• Con!llmjoariOll levels fn:quentIy exceed U.s.
S13Ddards foe calcium. nit:IaIcs. suJfu:s. magnesium.
and chloride at various locatioos of the aquifcIs

• O1Ioridc ADd sodium 1c'ds reach 7.000 and 3.(D)
mgll. respcctivcly.35 times die U.s. mpjrnmn
allowable level

~

MARINE FISHBlUES

• Stocks of sardines &Dd other small deepwater or
bot:tomd~Uing species. iDcluding bming.
bogue. m.ackclcI. octopus. squid. and sbrimp

• Stoe:b of red hIDa
• Limited sbeWish beds
• IDdusIIy CODIribares nearly 23 percent of

regiolJal gross domcatic product and accowus for
less than 1.1 ipen:cm of em?loyment

Coauncrcial FISbiDg
• FisbiDs based out of M·diq. Manil ADd AzJa. as well

as foreign ports. widl1iUJ,e or DO ICplatcry CODIr01
over fishing -

• Conramjoarioo of the limio::d shellfish beds by
wastewater discharge into ueazshore wan:xs. Manil is
the 0II1y direct impact derenninM..

• Jmpaets appear to be mimr. aod ooIy reWed to over
exploitatioD

• Over-exploitation of cenaiD stocks (e.g.. aDCblwia,
boDito. and various sclacieml) mDD1y panially reJued
to urbanizarion because die fisbiDg cfl'clm ai"e cxcned
by fleers from foreign COIIJlIrZs aad cxbcr 8le3S of
Morocco
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The average annual precipitation ratr., in the Smir basin is 955 mm/year, yielding an annual
runoff in the river channel of 2~ Mln l

• The Negro and F'nideq watersheds yield an avemge
of 12 Mml of water annually.

S.1.2. Identification of Adverse Human Activities

Water use for domestic, agricultural, and industrial purpose9 is not necessarily an adverse
activity, provided that the amounts and the quality of water are preserved. To satJgfy the
intense urban demands, water needs to be trapped (i.e., by dams) or extracted (i.e., by wells)
and treated before consumption. To achieve sustainable water production, this sho\1ld be done
while:

minimizing physical disturbance of the e~ploitation site and its surroundings;
evaluating upstream activities that may affect hydrological regimes;
ensuring the integrity of conveyance structures for accommodating peak flows;
preserving water as a sustainable and abundant resource that satisfies the urban
demand with no treatment or limited treatment;
preserving the mechanisms by which surface water sustains the presence of
indigenous fauna and flora; and
preventing water from becoming a vehicle for transmission of waterborne
diseases.

The above criteria for water management constitute the basis for evaluating the impact of
urbanization on water resources in the ROI. The resource will be divided within the ROI into
two sep21'ate entities: one ~pplies T6touan with domestic water but is geographically
upstream of the city influence, the second is downstream of T6touan.

Two categories of human activities, chemical-biological and physical, are affecting the surface
waters in the ROI. The chemical-biological category includes:

discharge of untreated industrial and domestic wastewater into the Martil River;
discharge of untreated domestic wastewater into the other main rivers of the
ROI; and
input of solid wastes leachates into the Martil. from the uncontrolled landfills in
Tamouda.

The. physical category includes:

extraction of sand and mixed gravel from the mouths and banks of the Manil
and AliIa rivers (see Section 4.1, Coastal Resources);
uncontrolled solid waste dumping into aU rivers of the ROJ; and .
the construction of the Smir Dam and the proposed conmuction of the Koudiat
Guensoura Dam on the Mhajrate River (see Section 4.4, Biotic
Resources/Biodiversity).
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~.1.2.1 Chemical-biological category

The MartU River is presently subjected to continuous input of domestic wastewater starting
about 18 km upstream of the mouth. Thirteen outfalls carrying an estimated 22,100 m'/day of
raw wastewater are discharged into the river as are various untreated industrial effluents. The'
water quality monitoring program set up by the Direction de 1'Hydraullque (DRH) can serve
as a basis for estimating existing and future wastewater generation. This program, however,
does not accurately reflect temporal and spatial variation of water quality along the river, nor
does it cover some important parameters (e.g., heavy metals and xenobiotics). Therefore, .
only general ttends can be drawn from the following analysis,

Table S.2 provides estimated observed and projected loads of pollutants as a result of
wastflJwater discharge in the Martil River. The figures show only 8IUlUal average conditions
representing the urban agglomeration of liquid wastes generated in T6touan.

All of this pollution load generated by the city goes untreated in the last 18 Ian of the Martil.
Its severity varies spatially and temporally along the river. For example, the biochemical
oxygen demand (BOD,) and the dissolved oxygen (DO) profdes reflect the location of each
outfall or direct industrial discharge (Figure 1 in Appendix C-I). The BOD, level of treated
wastewater in the U.S. is less than 20 mg/l, and a healthy river has a DO level close to
saturation (9 mg/l O2),

Compue those to values at a reference point (Tamouda bridge) located upstream of most
pollution sources. BOD, reaches extreme values (3662 mg/l) at the fll'St point of discharge,
then drops downstream until the second main discharge, where it increases again (295 mg/l).
Ultimately, the fmal BOD, level at me river mouth reaches an equilibrium value that depends
on the prevailing flow regime. Also, the BOD, level drops between outfalls due to the
physical process of dilution and the biochemical process of self-purification.

Dilution in the Marti! River is expected to achieve BOD, abatement to the desired level only
between December and April, and to a lesser extent during the months of October and May
(see Figure 2 in Appendix C-I). Future projections, however,' show that the minimum
required flow rate for dilution increases with time. This indicates that dilution will be less
efficient as T6touan grows. The plans to build the Koudiat Genzoura dam on one tributary of
the Martil will further- worsen the present situation, because the flow rate fo-om this tributary
will drop to zero during the summer.

In summer, water Ie-aeration through the water-air interface and biochemical self-purification
is the major contributor to reducm'J BODs. Calculations booed on available data indicate that
the Martil River is not long enough to provide the time necessary for self-cleansing (see
Appendix C-2 for calculation). The river would need.29 km to start recuperating. However,
the last outfall is less than 8 km from the mouth. As a result, the 00 level is expected to
drop to zero and remain at that level until the river mouth, where dilution with seawater
occurs.
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Table 5.2 Existing and Future Inputs or Domestic and
Industrial Wastewater In the Martll River.

:,.:j!:•.•,:;.r:·:{:;i;:'i·;{,'::,:i·::~;r~_~.$··.;';'· ::i;·i.1'i:~.i:ji':i::;,::,~. , ....'~:,:,':.: .. ':::. ~ri~i:.':·(_1I;i)j\~!iQ~i:i1i;:·1\:,

Population 268,000 369,310 488,638

Per capita water consumption (lid) 121 133 147

Percent population connected to 85 95 100
water supply

WW discharged (%) 80 80 80

WW discharged per capita (lid) 97 106 117

Ii:: Total volume dom~stic WW (m3/d) 22,100 37,190 57,170

Total volume industrial WW (m3/d) 3,240 4,374 5,904 ..
Total domestic & industrial (m3/d) 25,340 41,564 63,074

BOD,Idlcap (g/cap/d) 11 54 54 54

Domestic BOD, load (kg/d) 1/ 12,300 18,945 26,386

Industrial BOD, load (kg/d) 1/ 2,575 3,476 4,692

Total BOD, load (kg/d) 11 14,875 22,421 31,078

Equivalent population 275,462 415,203 575,518

Domestic suspended solids (kg/d) 8,000 12,000 16,560

Industrial suspended solids (kg/d) 12,000 18,000 24,840

Total suspended.solids (kg/d) 20,000 30,000 41,400

Adapted from RdM/MIIPT, 1991a. Rdm/MTP, 1991a & b, Metcalf and Eddy, 1990,
and industri~ survey.

11 See Appendix C.l for details of industrial, effiuentsevaluation.



Bven upstream of T6touan, the levels of some ions reach levels beyond acceptable standards.
Por example, ammonium levels are nine times higher than U.S. drinking water standards.
Also, chloride levels, although below the limits of acceptability, indicate the presence of an
upstream source of con.amination.

The magnitUde of the biological polluti~:d reaches a peak in the stagnant wat~r of the Martil's
dead ann. This section receives Martil wastewater effluents and is an open dump for solid
waste. In the summer, the ann functions &S a badly managed wastewater lagoon, developing
odors and propagating vectors.

Domestic effluents are the main generators of the organic pollution; industry contribution is
estimated at 21 percent of the total load. This latter figure is expected to decrease to 15
;Jercent in the year 2011, when domestic effluents will have more than doubled but industrial
effluents increased by only 80 percent. The main industrial polluters currently in T6touan
are:

- a slaughterhouse,
- a tobacco and match plant,
- a power plant,
- i.\ tannery,
- a paper mill,
- a textile plant"
- a detergent plant. and
- non-point sourc~C! ori@.inatin~ from the industrial zone of Martil.

In addition to their organic load, those point sources also add nutrients, metals, and other
undefmed xenobiotic compounds to the river, although the scarcity of data precludes a real
characterization of this pollution. The paper mill, however, generates SO percent of the total
suspended solids (SS) (> 10 tons/day) and all of the sulphates (> 12 tons/day) discharged into
the Martil. Heavy metals are also added; the industrial zone generates SO kg ",f chromium
(er) and significant amounts of mercury (Hg). Concentrations at the point of discharge into
the river are 223 ug/l of Cr and 3 ug/l of Hg, almost six times the U.S. maximum allowable
levels. Similarly, effluents from the detergent plant contain excessive amounts of phosphorus;
the concentration in the river is 60 times the U.S. standard. In'addition, ~ffluents from the
thennal power plant (ROE) might be a point source of hydrocarbons into the Khemis
tributary. No infonnation on the quality of these effluents is available. The twelve gas
stations in the Tetouan area also may constitute a major pollution source into the Marti! .
River. The practice of disposing of used oil into the sewer may be a significant cause of
contamination by xenobiotics. .

The situation of the Smir and Kendissa rivers is less well characterized. Both rivers,
however, receive domestic wastewater effluents from M'diq and F'nideq. The rivers connect
with adjacent wetlands that constitute receiving bodies for wastewater effluents; An
undersized wastewater tr,eatment plant, originally designed to serve a smaIl tourist complex,
inadequately attempts to treat the wastewater effluents generated by M'diq. With the
inc' : JSed load, the level of treatment cannot ~xceed five percent. The "treated" effluents are
then discharged into the Smir wetland (see Section 4.4, Biotic Resources/Biodiversity).

S-8

•

~.'.



Overall, chemical, biological, and hydrological data are scarce, especially with regard to the
Negro and Kendissa rivers.

5.1.2.2. Physical category

The extraction of sand from the Martit and Alila riverbanks is regulated through the public
works department. Although quotas are given each year, the illegal extraction activities
outnumber the allocated tonnage. The volume of sand extracted from the rivers seems to be
substantial. However, only limited data were available (see Section 4.1, Coastal Resources).
Similarly, the dumping of solid wastes into the rivers is a common practice, especially at the
dead section of the Martil. Because only 70 percent of the solid wastes generated are
collected by municipal service, it is probable that an undetennined portion finds its way to the
river banks.

5.1.3. Measurable Impacts

To the extent data allow, mellSUl'able impacts are discussed for surface water primarily
focusing on waters downstream of T6touan. Surface waters in areas in the upstream reaches
of the rivers in the ROI also are discussed.

5.1.3.1 Surface water downstream

The impact of human activities on the quality of water in the downstream section of the
Martil River is devastating. The impacts measured in tenns of tl1e four criteria cited above
show that in the present state, the lower section of the Marti! has lost its mechanism for
survival. The river has very limited self-epuration capacity left. This capacity is still present
at the first outfall's location, but completely vanishes downstream. As population grows, the
pollution front probably will move farther. upstream. The dilution capacity also is expected to
decrease. Analytical results indicate that even winter samples have higher levels of
contamination than would be expected.

The magnitude of the biological pollution already has caused the closure of one river intake
that fonnerly supplied the city water treatment plant with 200 Usee of water for domestic use.
At the intake point, the bacteriological contamination measured during high flow regim~ is
500 times higher than U.S. standards. In summer, conditions are expected to be m01\~ severe.
In an attempt to move the intake upstream of the pollution sources, mea..emrements at the
projected site (Tamouda reference point) also showed significant levels of bacterial
contamination but only a moderate level of chemical oxygen demand. Plans for installing this
new intake are presently suspended. This pollution may be explained in part by the
wastewater effluents originating from the rural commune of Ben Kerrich, upstream of
T~touan. The solid waste landfills, located upstream of the Tamouda point (Figure 5.1), 200
m and 600 m from the river reC'ch; also may be a source of contamination. Direct overland

. runoff from the landfills to the river and/or leaching of contam~antsfrom the landfill's
bottom into the aquifer ,ue pos$llJ}e scenarios. If verified, the impact might be severe on the
quality of groundwater pumping sites ;md wells 10clIted downstream (discussed further in
~ection 5,2, Gronndwater). 11lL: ~~"""lem, however, may be offset by the relatively
impenneable stratum underlying the region of the landfills and the dilution of the surface
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runoff water with the river water in winter. A detailed assessment of the hydrogeological
conditions at the landfill sites is necessary to determine the potential for contamination from
these sources.

With the development of new neighborhoods, e.g., Boujdad on the right bank of the river and
farther east and Tougleh on the left bank, it is expected that the organic load will gradually
increase into new sections of the river, which are relatively well preserved. Therefore, prior
to developing definitive plans for the proposed sewerage system, a detailed study on the
future pollution 1000 from these areas is nec::ssary.

One hundred percent of the samples taken along the Martil had microbial indicator levels
higher than acceptable standards. Also, levels of fecal contamination of the beach area
indicate that 100 percent of seawater samples taken near Martil beach (Regionai Health, 1991)
had levels of colifonns higher than the maximum allowable concentration in recreational
waters in the U.S. Other data, however, show that the level of contamination is within
acceptable limits (RDE, 1991). Although the correlation is difficult to establish, waterborne
diseases data show the presence of paratyphoid, typhoid, gastro enteritis, and hepatitis in the
ROI (Appendix C-3). Also, more than 30 ha of agricultural lands adjacent to the river in
T~touan are irrigated with untreated wastewater, and the produce is sold in the local market.
This may constitute a source of food contamination in ~e city.

The impact of the Martil River on immediate coastal resources is potentially significant
because the river does noC have the 29 Ian estimated to be necessary for self-cleansing. The
longer this distance, the slower the resulting plume is likely to dissipate. To assess real
impacts, it is necessary to monitor the physical-chemical, biological, and transport r m of
the plume.

The free oxygen envirorunent in the Martil River during summer is promoting the
development of odors and vectors.. This latter problem has prompted the local authorities to
spray insecticides regularly in populated areas.

5.1.3.2 Surface waterups~

The Nakhla.Dam, constructed in the late 1950s, and the Smir Dam, expected to be operational
in 1992, cc::.stitute the'major hydraulic structures in the ROI. Located upstream of any major
pollution source, those dams will satisfy all of the ROI's water needs for the next ten years.
Siltation, however, is the major problem facing both dams. To date 50 percent of the
regulated volume of the Nakhla has been lost to siltation, and the new Smir Dam is expected
to lose 180,000 m'/year of its 34 Mm' of volume. The siltation problem is linked to the
absence of a waterehed management plan but is only indirectly linked to the urbanization of
T~touan. The degradation of the watershed is the result of forest clear cutting for agricultural
purposes and to satisfy T~touan's fuelwood needs. Given the absence of data, it is very
difficult to detelmine a quantitative link between deforestation and siltation.. .
Nakhla Dam is classified as an oligotrophic to mesotrephic system. Water quality is good,
except for a slight thennal stratification between the top and the bottom. water that leads to
limited hydrogen sulfide fOlmation. Upstream of the Smir Dam, water quality also is
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relatively good; except for a limited microbiological pollution, all other quality parameters
have acceptable levels. Presently, however, the stored water in the Smir reservoir is
encountering eutrophication phenomena largely because of the high nutrient levels after the
first washing of the watershed. As a result, large volumes of the stored water were wasted.
This eutrophication phenomenon, nonnal when a dam is new, is expected to dissipate after
five to seven years of operation. In general, however, water quality in both dams is similar to
that obtained by the conventional treatment operations at the qld plant in T6touan and the new
unit in Smir.

The construction of those hydraulic structures is a direct consequence of the city's water
demand. Their impact on the environment is twofold: a decrease of natural flow in the
rivers potentially leading to zero flow during the dry season and less discharge into the sea
and a risk of prolonged eutrophication of the water as a result of the nutrient input into the
dam. The Smir River is suffering from both phenomena. Consequently, Lac Smir located at
tho Smir estuary is experiencing a significant impact (see Section 4.4, Biotic
ResourceslBiodi.versity).

5.2. GROUNDWATER

5.2.1 Resource Description

Each of the four watersheds described above has its own aquifer domains. The alluvial
MartiI-A1ila groundwater aquifer is the largest. It extends west, north, and south from
T6touan, 10 Ian east to west and 8 km north to south. It is characterized by a complex
stratigraphy that extends from the ground surface to the impenneable layer 20-60 m below.
The complexity of the structure makes it difficult to draw a clear picture of the litho­
stratographic succession within the aquifer. The water table is generally between 2 and 5 m
lIllld less than I m near the coast. 1bis usually resUlts in poor drainage conditions and
frequent flooding during the rainfall season. However, piezometric levels, which measure the
distance between the water table and the ground surface, are pseudo-stable, although recent
indications show a decrease in some coastal and central locations.

The hydraulic budget suggests that recharge is 9S percent due to rainfall infdtration. The
level of exchange between the aquifer and both the Martil and Alila rivers is not well-defmed,
although there may be some exchange from the aquifer to the rivers. The volume of the
annual recharge is 13.8 Mm.', 48 percent of which is exploited for agricultural,'domestic, and
industrial needs. Less than 40 percent of the domestic needs in the ROI are supplied by
'groundwater. Sources include springs, pUmping sites, and wells, located at the upper edges of
T6touan, M'diq, and F'nideq. However, a series of two springs and five pumping sites
located in the Tamouda area southeast of Tetouan supplies 7S percent of the ROJ groundwater
needs. ,
The Smir and Negro aquifers have areas of 9 km2 and 10 km2

, respectively. Approximately
20 percent of their area is located under wetland zones. In general, piezometric levels are
stable in the Smir aquifer but sensitive to precipitation regimes in the Negro aquifer. Two
pumping sites, one in each aquifer, supply 18 and 7 percent of the ROJ groundwater needs,
respectively.

5-11



The basic physical-chemical characteristics of the groundwater are given in Appendix C-4. In
general, conductivity and chloride measurements, which reflect salinity levels, are higher near
the coast as a result of the adjacent seawater.

5.2.2 Identification of Adverse Human Activities

Within the ROI, adverse urban effects on groundwater resources are considered primarily for
groundwater resources at and downstream of T~touan and the satellite towns.

Several adverse urban-related activities affect the quality and the quantity of groundwater
downstream of the ROI. All of them fall under the chemical-biological category:

inrJ1tration of wastewater effluents into the Martil-Alila aquifer from private
cesspools in the town of Martil;
intrusion into the' Smir aquifer of effluents from the wedands receiving M'diq
effluents; •
salt intrusion into the aquifers as a result of overpumping by private users; and
contamination of the Martil-A1ila and the Smir aquifers by leachates originating
from the municipal landfills located above tIuee main pumping sites.

5.2.3. Measurable Impacts

Groundwater quality is being differentially degraded depending on several factors:

proximity of the aquifer to the lower section of the Martil River;
widespread prevalence of cesspools in areas with a high water table;
discharge of sewage effluents from M'diq on wedand loc~~ed in high water
table areas; and
potential contamination from landfillleachates especially near pa.nping sites
that supply 50 percent of the ROI's groundwater.

~ wells around the lowest section of the MartU River and at the coastal zone in the Smir
aquifer have levels of contamination significantly hi~er than U.S. standards. The
contamination is particularly significant with respect to calcium, nitrate, sulfates, magnesium,
chloride, and conductivity, which measures salinity in water. Part of the contamination might
be due to natural phenomenon related to the pt!>ximity of the sea. However, overpum~mg,
providing water for domestic and some limited agricultural uses, is drawing the water table
below sea level, in~ucing seawater intrusion into the aquifer. At those locations, chloride and
sodium levels attain values of 7,000 mg/l and 3,000 mg/l, respectively, which is 3S times the
U.S. maximum allowable ~evel. The mineral enrichment also might be due to the
proliferation of cesspools in Martil, as this zone is not sewered. Another explanation is the
natural mechanism of aquifer discharge and possibly recharge from ,a contaminated Martil
River. Water exchange is likely during this process. The shrinking of the beach as a result
of construction and sand excavation also may be contributing to' saltwater intrusion into the
coastal aquifer. However, data~ not available to continn the possibility.
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Nitrate levels generally are low, except for one area south of Martil where high levels of
chloride and negative piezometric levels are encountered; these levels are seven times higher
than U.S. standards. Local extractions for agricultural pUlposes might be responsible for the
phenomel1on.

The Smir aquifer seems also to suffer from discharging of wastewater into wetlands located
above the aquifer, ~'hereas the Negro and P'nideq aquifers have no significant levels of
contamination. However, data on wells and pumping sites used for public supply show no
significant levels of contamination.

Most of the contamination is localized outside municipal drinking water supply sites, although
some pumping sites were previously exploited and closed because of poor water quality.
Still, more than 2,000 individual wells in Martil and approximately 900 in T6touan are used
at dwellings for non-drinking purposes. These small wells, exploited at a low rate (less than
20 lId), are affected by sewage cesspools that serle the majority of dwellings in Martil and
dwellings throughout T6touan. In periods of water shortage, the use of these wells and other
public water points (homes fontaine) increases significantly. A 10-year average of
microbiological data from these wells show that more than S2 percent of samples collected in
Marti! and 30 percent of those in T6touan have high levels of contamination. Unexpectedly"
however, the 1990 data show only 7 and 13 percent. This single data point needs to be .
confmned in the future. The old ancestral water distribution system (Skoundo) in the M15dina,
with its 400 intake points, also suffers from this contamination. Except for. the 1993 data,
more than 50 percent of the Skound~ samples tested are contaminated.

Although most of the contamination described above does not significantly affect the public
groundwater supply, it is still disturbing that more than 50 percent of the supply originates
from pumping sites located within a 1,200-m perimeter of two municipal landfills. One
pumping site is already experiencing levels of iron and manganese 60 times higher than U.S.
standards. This situation is prompting the water treatment plant to use additional chemical
treatment to precipitate the metals. It is unclear whether this contamination is linked to the
landfills or to a nearby metal scrap depository. Data on other heavy metals are not available.
In the absence of updated and more complete infonnation from these pumping sites, one can
reasonably presume that the landfills constitute a s~rious threat to the downstream
groundwater quality in the ROJ.

The most significant upstream groundwater resources in the ROI are in the Dorsale Calcaire
and the HaoDZ regionS outside T6touan. The cost of exploitation is, however, very high and it
is unlikely that those resources will be exploited in the foreseeable future.

5.3 WATER SUPPLY AND DEMAND IN THE ROI

The quantitative aspect of.water resources is governed 'by the newly built Smir Dam, which
will erase the more than 160 Usec water deficit in the ROI. At the same time, the reliance on
groundwater resources and on downstream surface water will drastically drop. Water needs
and demands are summarized in Table 5.3. Detailed resources are given in Appendix C-5.
Using a best-case scenario, a new water deficit is expected in the year 2002 (Figure 1 in
Appendix C-S) and even earlier if more conservative assumptions are used. Local water
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and demands are summarized in Table S.3. Detailed resources are given in Appendix C-S.
Using a best-case scenario, a new water deficit is expected in the year 2002 (Figure 1 in
Appendix C-S) and even earlier if more conservative assumptions are used. Local water
agencies, however, do not expect a water shortage before the year 2OOS, largely because of a
lower projected population growth and higher anticipated equipment yield. In any case, to
face the new deficit, reliance on groundwater is anticipated. In 2001, it is expected that 20
percent of water supplies will come from groundwater resources, versus 27 percent ten years
later, especially because the construction of a new dam (Koudiat Oensoura) on the Mhajrate
River is not expected before 2030. Similarly, river intakes could playa backup role to
compensate for the increasing water shortage. For example, the reinstated Martil River intake
(200 l/sec average annual rate) could delay the shortage or at least partly alleviate the deficit.
It is therefore necessary to protect the quality of the downstream resources, fll'St to protect the
intrinsic "a1ue of water, and second to preserVe an economically valuable water supply.

Table 5.3 Water Resources Versus "emand in the ROI.

Available (l/sec)

D-emand (l/sec)

Deficit or surplus

703 1,403 1,436 1,483

866 872 1,373 2,076

-163 +522 +63 -543

..111

The Smir Dam was built in part because the marginal cost of treatment of water recovered
from certain well sources on the Martil plain has increased dramatically with the reduction in
quality of that water. Marginal treatment costs of water at the Nakhla Dam are far lawer,
given its higher quality. Likewise, after an initial five to seven-year period of treating for
high organic materials in water recovered from the Smir Dam, the water quality will be better
and the marginal cost of treatment of its outflow will be low relative to treatment of well
water.

As in most parts of the world, water is significantly underpriced in T~touan. Consumers pay
according to usage at the rate of one Dh/m3

, with rates increasing for use above a certain
threshold. Average annual use per household is estimated at 75 to 120 m'/year, which is
produced, treated and delivered at a total cost far higher than the price paid. Although a
thorough accounting of water production 'costs could not be obtained during the study period,
rough calculations were completed on cost recovery for water production. They indicate that
under the current price regime, at the current rate of consumption, and given a 3.4 percent
population growth rate, urban T6touan could not recover the capital cost of construction of the
Smir Dam until 2015. "l.'ut cost-estimated by Hydraulique officials to total Dh300 million-­
includes neither interest charges on the construction loan, recurrent costs of production,
treatment and deliv~l.ir, inflation, nor the construction of additional water collection systems
when the Smir is no longer sufficient to meet the needS of the urban population.
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S.4 MARINE FISHERIES

5.4.1 Quantity and Quality of the Resource

The fisheries resources exploited by fishennen of the T6touan area consist primarily of two
sectors: the stocks of sardines and other small pelagic (deepwater) or demersal (bottom­
dwelling) fish, and the large tuna fishery. The fltst sector includes sardine, herring, bogue,
and mackerel and, to a lesser extent, red mullet, melva, a wide variety of pelagic species, and
some cephalopods including octopus, squid, and shrimp. In the past anchovy stocks also were
found here, but the fishery has been depleted and is no longer significant. The second sector
consists of the large red tuna, which migrates during the summer months within 1-3 km from
the shore. Although 1990 was a peak year for catches of this large fish, preliminary reports
indicate that the number of red tuna dropped dramatically in 1991. Some shellfish beds also
exist in the nearshore area.

The fishing industry, oriented toward domestic supply, contributes less than 2.3 percent of
regional GDP and accounts for less than 1.1 percent of employment (see Section 2.5,
Population and Employment). The export of nearly all of the red tuna to Japan constitutes
one of the few ways that provincial T6touan generates foreign exchange; nevertheless, the
fishery itself is very small in local economic tenns and in relation to Morocco's large and
growing fisheries trade.

5.4.2 H~an Use of This Resource

The fishennen from the T6touan area come from M'diq, Martil, and Azla. The total number
of fishing vessels is small compared to those of otJ;er fleets also exploiting fishery resources
in the same area. These vessels are coming from other ports in northern Morocco, from
Spain, and from other countries. These other fleets are using much more efficient gear than
are those from the T6touan area.

Of the three T6touan f'1Shing towns, M'diq is the major port. Relative to other f'1Shing ports
of nonhern Morocco, it ranks fIfth (RdM/ONP/ISPM, 1991a). The M'diq pon has about 56
vessels, 39 of which are small boats that participate in the sardine fishery; the rest are
trawlers in the pelagic fishery. 'J11ere are two tuna processing plants, one transshipment
warehouse in the pon, and a small haul-out and repair facility. A canning factory is being.
planned. The port also has a small yacht club. A port expansion project, which would
double the size of its basin, is being planned by the Public Works Department with
completion projected within the next three to five years.

Martil and Azla have no port, though there are perhaps 60-80 boats participating in a
nearshore artisinal fIshery (..:sing small boats with low-technology gear) that sells its catch
locally. In the past, M'diq, Martil, and Azla were able to meet the demand for fish in the
T6touan area. Now, however, other ports such as Tangier and Larache are providing an
increasing share of fish for the T6touan market. Most of the catch is sold locally because
there is no canning or freezing of the f'tsh, except for the tuna.
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The existing regulatory regime for this (!Shery does not exert strong management control over
the stocks. Mainly, there are rules requiring vessel licensing and restricting some types of
gear. However, there are no limits on the number or size of fish that can be cadght. Though
each fisherman must report his catch, the catch of the artisinal fishennen is not well
documented; some estimates are available for the catch by the artisinal fishermen of Martil
but not for those of Azla (RdM/ONP/ISPM, 1991a). Local officials mentioned that some
Moroccan fishermen sell their catches to Spanish vessels while at sea, therefore this portion
of the catch does not show up in the statistics. For the fish-processing factories, the only
pennits and fees required are those necessary for operating any factory. Owners of the larger
fishing vessels in M'diq have fonned an association; the artisinal fishennen are not orgllflized.

In 1990, the catch landed in M'diq weighed 6,036.7 tOMes (metric tons) and was valued at
Dh 37.5 million (RdM/ONP, 1990; RdM/DRAM, 1990). Only 68 tOMes with a value of Dh
0.83 million (RdM/ONP/ISPM/, 1991a) was landed in Martil. In 1990, seven species made
up more than 96 percent of the weight and value of the fish landed at M'diq. In order of.
value, these were red tuna, smrdine, chinchard (herring), bogue, mackerel, melva, besugues,
and rouget (red mullet) (se,; Table I in Appendix D) (RdM/ONP, 1990; RdM/DRAM, 1990).
From 1981 to 1990, the overidJ. fisheries catch in tonnes increased about 41 percent, from
4,288.2 to 6,036.7.

Local officials estimated that catch per unit effort (CPUE) was slightly increasing from 1981
to 1990 with a gradual increase in the number of active fishing vessels. Individual artisinal
fishermen, however, reported gradual declines in CPUE. The net increase in CPUE could be
explained by two factors. First, an'estimated three, four or five trawlers, with much more
efficient gear than artisinal fishing boats, have entered the fIShery each year since 1984.
Second, CPUB for the red tuna fishery increased dramatically since its introduction in 1985.
From 1989 to 1990, there was an increase of about 500 percent for red tuna and 4 percent for
all other species (see Table 2 in Appendix D).

In brief, the catch for most species was stable or grew slightly from 1980 to 1990. Statistics
show a slow growth in the catch of sardine, chinchard, bogue, melva, and besugues. The
mackerel catch fluctuated over time with a peak in 1990 of 536.7 tOIUles. The rouget (red
mullet) catch also fluctuated, dropping from 20.7 tonnes in 1981 to a low of 4.1 tOMes in
1984 and recovering to 23.3 tonnes in 1990 (see Table 3 in Appendix D) (RdM/ONdP, 1981­
1990).

Several species have shown a significant decline in recent years, such as anchovy, bonito, and
red tuna, as has the bulk catch of various selaciens (cartilaginous ·f'lSh such as sharks and
rays). The anchovy fishery showed a steady decline over this period, from 1,200 tonnes in
1981 to 3.0 tonnes in 1990. The bonito tuna (bonite d dos rayls) showed Ii significant drop
from 46.8 tonnes in 1981 to 0.3 tOMes in 1990. Preliminary IePO~s for the very valuable red
tuna fIShery indicated that after the major peak in 1990, there was a very significant drop in
the 1991 catch to about 45 tonnes, only 8.4 percent of the 1990 catch. The bulk catch of
various selaciens fluctuated significantly from 1.0 tonne in 1981 to a high of 254.8 tonnes in
1~'64 to 2.7 tonnes in 1990 (RdM/ONdP, 1981-1990) (see Table 3 in Appendix D).
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5.4.3 Human Impacts on the Fishery Resources

Impacts of urbanization of T6touan are slight on the overall fishery resources utilized by the
fishermen of M'diq, MartU, and Azla. This conclusion is based on four reasons:

1) .most of the fisheries appear to be operating at a sustainable level;

2) the depletion of anchovies, bonito, red tuna, and some selaciens
appears to be due more to overexploitation than to pollution (see
Appendix D for more discussion);

3) flShermen from outside the T~touan area are in part responsible
for the overexploitation of certain stocks; and

4) the depleted stocks are being harvested not only for T~touan, but
also for the whole of northern Morocco, parts of Spain, and the
Japanese tuna market. Because Tetouan is only a small part of
this greater market, mcreased exploitation of these stoCks is only
partially influenced by any increased d~~and from the growing
T~touan area.

Impacts on offshom fisheries from the urbaniza:ion of Tetouan are certainly difficult t~

assess. It has been suggested that because many of these fish use the nearshore waters as
feeding or nursery grounds, pollution in this area may have an effect on these stocks (WB/lD,
1990), but this is difficult to determine. Overall increases in marine pollution in this entire
region may be having some effect on the region's pelagic and demersal fisheries, and the
Martil River is certainly contributing to this general degradation of the region's marine water
quality. However, the specific increase in marine pollution to the region from the
urbanization of T~tuoan is very dUflcult to measure relative to the pollution from the rest of
the Moroccan coast, from Spain, and frOID passing ships.

Even though the impact of urbanizal'ion of T~ouan on overall fisherieS resources is slight, at
a much more local level, two /mlaJ! fisheries resources are experiencing severe impacts: the
shellfish habitat off Martil south to the Laou River and the shrimp nursery habitat in Lac
Smir.

Tetouan city wastes camed in the Martil River and discharges of untreated wastes from the
town of Martil already are having a noticeable impact on the nearshore shellfISh habitat
exploited by the artisinal fishermen of Marti! and Azla. The specific concern is the release of
high levels of nuttients, any heavy metals, and bacterial contamination in the effluent from
the Marti! River and Martil town, and their effects on shellfish. Nutrients can exacerbate the
problem of "redtide," a phenomenon that renders shellfish toxic for humans. Recent studies
have found toxic shellfISh in the waters from the Martil River south to the Laou River
(RdM/ONP/lSPM,1991b). This occurs when a certain dinoflagellate (microalgae) is ingested
by shellflSh and becomes concentrated in their muscle. Higher nutrient input from waste­
laden waters may increase the growth potential of this dinoflagellate.
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In addition, there may be a problem with heavy metals or bacteria concentrating in the
sediment and being ingested by bottom-reeding fish or filter feeders, such as shellfish. These
fISh and shellfish with concentrated levels of biotoxins, heavy metals, or bacteria may present
a public health problem. Further study is necessary.

As discussed in Section 4.4, Biotic ResourceslBiodiversity, the dramatic changes in the
wetlands in Lac Smir, which are related to continued growth of T6touan, now make the lake
unsuitable as a nursery habitat for shrimp. This will have a severe impact on thCl small stocks
of shrimp in this area, which no longer are able to carry out their life cycle there. The stocks
probably will diminish because there are very few other brackishwater wetlands in the area.
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GLOSSARY

Aquifer. The water-bearing portion of subsurface earth material that yields or is capable of
yielding useful quantities of water to wells.

BODs: Biochemical oxygen demand measures the oxygen required for the carbonaceous
oxidation of organic compounds present in wastewater.

Crltkal thJkit Dc: Lowest dissolved oxygen concentration in water as a result of the
maximum impact of wastewater discharge.

Critical time Tc: The time needed by a· river to reach the critical deficit Dc.

Dissol",d oxygen: The concentration 'of dissolved molecular oxygen present in a body of
water. At 20oC, the saturation value of dissolved oxygen in fresh water is 9.17 mgll. 'Ibis
value represents the maximum concentration of oxygen that water can hold at 20cC.

Eulrophktllion: Natural or man-induced process in which bodies of water may become more
productive through the introduction and the cycling of nutrients.

Htzbittlt economk: Most common form of housing in T~ouan. It consists of three floors;
the ground floor is either a garage or a shop, and the two top floors are residences for one
household per floor. They are found either quadrilll, which is in authorized or serviced
subdivisions, or spontanl, that is constructed outside ofmunicipal regulation. The latte~ is
also referred to as clandestine housing.

HoV-life: Time needed for reducing a concentration or a number by SO percent.

Margi1UJ1 cost, rnargiIuJI b,,,,jiI, morgiIuIl product: The cost, benefIt, or result of producing
one or more Units. For example, if the unit cost (Me) is less than the net benefit (MB) of
producing one more bale of hemp, production will be increased until no more marginal
benefit can be realized, or until M~MB.

MIJotrophk: Bodies of water that are intermediate between oligotrophic and mesotrophic..
The latter have a higher productivity due to an abundant supply of algal nutrients; as a result,
in the bottom, oxygen may be depleted.

OUgotrophic: Bodies of water that have a low level of productivity due to a severely limited
supply of nutrients to support algal growth. .

Parall,I ,,",,*,1: Trade in goods, services, or currency at unofficial prices, i.e., market-dDven
rather than government-regulated.

S,U-.purlltion: Process by which natural water systems ensure the conversion of wastes
through natural physical, chemical, and biological mechanisms.
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GLOSSARY (collt'd)

Value added: Final price at market less all input costs; e.g., if a loaf of bread sells for Dhl
and the ingredients, fuelwood, labor, and transportation all total 80 centimes per loaf, VA =
20 centimes.

Xenobwtics: Synthetic organic compounds that resist natural processes of biodegradation.
Often these compounds are toxic.
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Mr. EI Aarsi Ahmed. Director.
Mr. Outini Mohamed. Chef de Service Forestier.
Mr. Sedaoui Ahmed. Chef de SelVice Forestier de la mise en valeur Agricole.
Mr. Bouzaguaoui Hajj. Ingenieur au service forestier.
Mr. Bouquil (Service eaux et forets - T6touan).
Mr. Sakkat (Ingenieur au Service Forestier)

Service Provincuue de Is Sante:
Mr. Kantach Aziz. Specialiste en hygiene du Milieu.
Mr. Jaatit Abdel Salam. Specialiste en hygiene du milieu.
Mr. Bouhahi Mohame. Specialiste en hygiene du milieu.
Mr. Ali Yacoub. Surveillance Epidemiologique et lutte antipaludisme.
Mr.· Lachhab·Ameur. Statisticien. .

Direction de la Region Hydraulique du Lou1clcous:
Mr. Latad Abde! Kader. Directeur Adjoint.
Mr. &zine Abdallah. Chef de Service planification et gestion de l'eau.
Mr. Keli Yahya. Chef de service des eaux souterraines.
Mr. Baklui Ahmad. Ingenieur controle de la qualite des eaux.
Mr. Agbori Mustapha. Chef de service de I'eau.

Direction ProvilU:isk des Travaux Publiques:
Mr. Amrani Abdelsalam. Direeteur par Interim.
Mr. Amziane Mohamed Nagib. Chef du Service Portuaire.
Mr. Boutadgbart Mohamed. Chef Service Infrastructure.

Direction ProvilU:isk du TourialM:
Mr. Lakhdar Kada, ~eteur.

Regie de distribution de l'eau et de l'electrlcite:
Mr. Moubled Mbamed, Adjoint au chef de la division etude.
Mr. Asrui Mhamed, Chef service assainissement.
Mme. Kotrob Fatima, Chef service etude.

Direction regioraah des of/tJires llUlritimes:
. Mr. EI Melagui Mbamed, Delegue regional, M'diq.

AssocitJtioil des DI'1IUIteun de M'ditq:
Mr. El Mourabit Hassan, President.
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Minislere de la Peche el de la Marine Marclumde:
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Mme. Najat Oualit, Directeur G6n6ral, CAESA, Port de M'diq.

Of./ke Developpement d'Exploitation Portuaire:
Mr. Hjiej Mhamed, Chef de la Division Exploitation du Port de M'diq.

Olfiee National Des Peches, M'diq:
Mr. Bayi Aluned, Directeur.

lnstitut Scientiflque des Peches Maritimes. Casablanca:
Mme. Idrissi·Halima. .
Mme. Tahiri.
Mr. CharIk:.

Municipality 01 Tetouan:
Mr. Drissy AbdelHaq, Chef service environnement.
Mr. Fatimi, Chef cellule PDU at the municipality.
Mr. Abdeslam Youssfi, Ingenieur Municipal.

U.S. Agencylor Inte17UJtional Development:
Mr. Tabar Berrada.
Mr. Harry Birnbolz.
Mr. Eric Loken.

Groupemelll Bryler, Tetouan:
Paul McDonough, Chef du Project.
Nicholas Adrien, Consultant.

Direction de L'Urbanume:
Mr. bnrane AbdelSalam, Interim Director, Division Urbanisme.
Mr. Chaara Mouncef, Architecte.
Mr. Balla Abdel Aziz, Architecte.

l!ivision Provinciale des Collectivites Locales:
Mr. Gaabouri Mhamed, Chef de la division.

Agence Nationak de LUlIe contre I'Habitat lnsalubre:
Mr. Chraibi Mhamed, Director.
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LIST OF CONTACTS (cont'd).

Univ,rsit, Abd,lltUll,k EaslUUll, Facult, d,s Scunc,s, Tetouan:
'Mr. ImIahi, Dean.
Mr. Marraha Mohamed, Physical chemistry.
Mr. Mardhy Abdelhakim, Chemistry.
Mr. Aaliti Abdellatif, Chemistry.
Mr. Saoud Younes, Hydrobiologiste.
Mr. labbourri Abdallah, Fluid Mechanics, water treatment.
Mr. E1 Alami Majida .
Mr. Louktibi Aziz

T,chiquea Urbain,s· Maroc:
Mr. Driss Benjelloun, Consultant.

Municipality 01Martil:
Mr. Mohamed BenHussein, First Vice President of the Council.
Dr. Chaara Osman, Bureau Municipal d'Hygiene.
Mr. Najri Mohamed, Ingenieur, Travaux Publique.
Mr. AI Bazi Abdulali, Service Culurel et Social.
Mr. SefIar Ahmad, Secretary General of th4' Council.

Munkipality 01F'nid,q:
Mr. Idrissi Bachir, Secretary General of the Commune.
Mr. Soufi lamal Ediline, Architecte.
Mr. Bouezza Mohamed, Travaux Communaux.

Municipality 01M'diq:
Mr. Jamal, President.
Mr. Asmi Mohamed, ROE.
Mr. Bouheina Abde1Salam, Agriculture.
Mr. Imrani, Architect of the commune.

. Mr. Aarass, ROE.
Mr. Driss, Eaux et Forets.



APPENDIX A
Tourism

Although Tetouan has served historically as a tourism destination for Moroccans more than
for Europeans or other foreign visitors (Table A.I), hopes for future growth of the tourism
industry hinge on Tetouan's ability to attract clients from abroad. Long-tenn growth of the
Tetouan tourist industry faces three problems that are unrelated to the natural resource base:
overdevelopment of the Moroccan tourist industry in general, fierce competition from other
tourist centers both within Morocco and at other locations on the Mediterranean, and a limited
service economy to multiply the income and employment impact of tourism grow/h.

Overdevelopment of the national tourism infrastmcture led in 1990 to an 8.S perl;ent increase
in hotel capacity coupled with a decline in nights stayed (BIU 1990). The World Bank notes
that this phenomenon is not new: a 1986 study of tourism in the 1970s concluded, "the
[Morrocan) Government had overestimated future demand for tourism capacity, resulting in
the design of an overly generous incentive system, and excessive investments in tourism areas
in coastal areas, with possible negative enviromnental consequences" (WB/Environment
Report 1990: 21). A recent and sustained decline in arrivals from traditional European
markets (-6.6 percent from 1989) was offset in 1990 by 1.5 million Algerian visitors (+ 60.3
percent over 1989): the increase of visitors from other Maghreb countries is welcome but
infrastructure has been geared to a wealthier clientele: S5 percent of all classed
accommodation is four- and five-star hotels. In 1989, hotel capacity in Agadir increased by
16 percent and in Marrakech by 33 percent (EIU 1991).

Even apart from the short-tenn negative effects of the Gulf War on the tourist trade and the
decline in arrivals attributable to a world recession, Tetouan will face significant competition
from other Moroccan resorts both for domestic and foreign business. Relative capacity and
occupancy rates for Tetouan versus other major tourist destinations in Morocco are weak
(Table A.2).

Finally, Tetouan's tourism development plans continue to emphasize J~velopment of
extensive resort complexes: in 1983, 72 percent of capacity lay in V.V.T. (villages des
vacances touristiques) into which tourists are encouraged to withdraw. Further development
of such capacity is the center of planning in the future. Linked commercial development in
the region--restaurants, rental cars, cultural oppprtunities celebrating the unique
Arab/European heritage of T6touan--has not been planned as intensely, thereby limiting the
potential multiplier effect of tourist income.
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Table A.l
Origin of Tourists Arriving in Tftouan

1990 (1) v 1989 (1)

1989 (1) 1990 (1) Change
(%).

France 6794 5492 •1'.16

Spain 5657 5712 +0.97

USA 689 727 +5.51

Canada 289 275 -4.84

UK 1095 626 -42.83

Germany 2395 2084 -12.98

Italy 629 481 -23.53

Scandanovia 321 445 +38.63

Portugal 306 208 -32.03

Netherlands 255 286 +12.16

Belgium 547 575 +5.12

Switzerland 537 575 +7.08

Arab 1678 1554 ·7.39
nations

African 316 316 --
natiom

Other 1243 1119 ·9.97
nations

Moroccans 51,200 55,002 +7.42

Foreign 141 213 +2.16
residents

Total 74,092 75,690 +2.16
J.J '1',lWt,l.Source: RdM/.Mi

Note: Most recent statistic, available. Figures for last half of 1989
indicate higher propoJrtion of Moroccan tourists·during the annual
summer influx in Maltil and northern coastal areas.
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Table A.2
Tourist Capacity and Occupancy

Tetouan and Other Moroccan Locations

Total Capacity . Average
Occupancy

TcStouan 5158 25.6%

Tangier 8964 35.8-
F~s 2962 47.7

Casablanca 5393 - 41.4

Rabat 3083 43.5

Marrakech 8752 41.0

Agadir 13;235 57.8

Average 5,943 (national) 40.5

Source: RdM/MIIDUA, data as of 12.31.83
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APPENDIXB
Forest Resource Analysis

The national reforestation campaign has a direct bearing on the forest resource of T6touan
because of the campaign's emphasis on northern regions. The national campaign seeks to
replant annually an average of 38,540 hectares (WB/AOD, 1990).

the following analysis assumes for demand that:

1) the government quota of 1.3 metric tons per househ.old per year is an g-ecurate
estimate of per household consumption;

2) the average household size prevailing in the 1980s will continue (5.2
individuals per household [TUM 1988]);

3) the per household fuelwood consumption rate will not decline;

4) the ha11Ulms' and bakeries' ability to increase production capacity to meet
demand is unlimited.

Supply assumptions include: .

1) existing nondegfaded forest resources in Larache, Chefchaouen, and T~touan
are the only resources available for fuelwood production;

These assumptions intentionally represent a worst-case scenario to test the hypothesis that the
forests are only moderately, rather than severely, threatened by urbanization. On the demand
side, long-term future consumption ;s likely to decline on a per-household basis given
industrial conversion to fossil fuels. On the supply side, T6touan (and other urban centers in
Morocco using the Rif resource) will continue to have access to all ()f the partially degraded
forest that exists today. Mo~over, the commitment to reforestation not only for wood supply
but for employment generation remains strong in T6touan and at the central govemment leval;
it is likely that far more than 1000 ha/yr will be available for wood supply to T~ouan in the
years ahead.

-

2) the current rate of degradation of 2.7 percent per year continues until 1995, at
which point the national reforestation campaign will reverse the trend and net
undegraded resources begin to increase at the rate of 1000 ha/yr (the actual
campaign began in 1988 and plantations in the Rif region~ estimated to
average more than 38,000 ha/yr).
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Because govemment planners allot wood consumption "quotaCJ" on a per-household basis
rather than in tenns of anticipated sustainable yield; or consumption capacity of existing
hamams, bakeries, and industries, the model below is driven directly by population growth.
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Appendix Table B.l. ProJeeted Wood Supply and Demand tor Urban T'touan
1986·2011

Hectms of forest required Projected

At constant At varieble yield rates hectms of
Year Urban T6touan yield of available

population 3m3/h.a/yr Yield Hectares plantation forest
(m'/h.a/yJ.)

1986 231,731 13,892 3.0 13,892 27,356
1987 239,368 14,351 3.0 14,351 26,61'7

.,
1988 247,267 14,824 3.0 14,824 25,899
1989 255,427 15,313 3.0 15,313 25,199
1990 263,856 15,819 3.0 15,819 24,519
1991 272,563 16,341 3.0 16,341 23,857
1992 281,558 16,880 3.2 15,825 23,213
1993 290,849 17,437 . 3.4 15,386 22,586
1994 300,447 18,012 3.7 14,605 21,976
1995 310,362 18,607 4.0 13,955 21,383
1996 320,604 . 19,221 4.5 12,814 22,383
1997 331,184 19,855 5.0 11,913 23,383
1998 342,113 20,510 5.5 11,187 24,383
1999 353,403 21,187 6.0 10,594 25,383
2000 365,065 21,886 6.5 10,101 26,383
2001 377,112 22,609 7.0 9,689 27,383
2002 389,557 23,355 7.0 10,009 28,383
2003 402,412 24,125 7.0 10,339 29,383
2004 415,692 24,922 7.0 10,681 30,383
2005 429,410 25,744 7.0 11,033 31,383
2006 . 443,580 26,594 7.0 11,397 32,383
2007 458,218 27,471 7.0 11,773 33,383
2008 473,340 28,378 7.0 12;162 34,383
2009 488,960 29,314 7.0 12,563 35,383
2010 505,095 30,281 7.0 12,978 36,383

.2011 521,764 31,281 7.0 13,406 37,383

Conversion at 1.3 tons/household
0.72 tons = 1 m3

Per capita fuelwood use = 250kg/yr
5.2 persons/h.ousehold
Population growth at 3.3 percentI

. .

IAn assumption that the population growth rate declines from 3.3 percent annually to 2.8
percent by 2008 IeSults in a difference of only a few thousand hectares required for
productive fuelwood production. At 3m3/h.a/yr, the hectares required under the lowered
growth rate is 29,513 (versus 31~1 above); at 7m3/ha1yr the total required under the lower
growth rate is 12,648 (versus 13,406 above).

B-3



AlftfNDIZ C.l
,,,,,,., 1 l1li4 J

------------,--fo-""'--+-----!6

7

pOmu oldiIdwp 01 domea1lc IIId iDdw1rial emu.llln die rlWl'

river IIIOUlh I +upIlreIm mel'llllCll point

10 t+__~'iti~t'!tiitL~L....,

~ 9

! 8

.. 5
!
~ 4
o

1 3

j 2

=
o.t::;:::::::;::;:::~~~,...,....,.._r_r"ll""l""'l"..........r_r_r....__~

o 5 10 15 20 25 30
Dbtanee (km)

Pi... 1:. Diaolved Oxypn Profile in die MIItil1Uftr.

FigUre 2. PnlIeIlt IDlI Projected MiD!mom RequimI DiIDtioe
RaIeI • FaDedon of Yelr Venua die Averill MclaIb!y

Row ... in die MIItil Rim:
50

----- AWlqe IIICIIthIy flow lite
45

40

if 3S

~
30E

.! 25
~

~
20

15

10

5

0
SEPI' ocr fV( IJlC IAN FEB MAIl APR MAY JUNEJtJLY Am

Months

C-l



APPENDIX C.2
Cakulotions 01 the SeU·epuration Capacity 01 the
Martil River Based on Stareder-Phelps Equation.

Basic Assumptions:

BOD5 wastewater (ww): ' 587 mg 0:Jl
D.O. 'NW: 2.5 mg/l
D.O. water: 9 mg/l
Flow rate water (average June through September): 0.9 m3/sec
Re-aeration constant: 0.4 d· l for 20°C

Main Results:

BOD5 mix (wastewater + river water): 142 mg 0:Jl
illtimate BOD5: 208 mg 0:Jl
D.O. mix: 7.45 mg/l
k =0.25 d", kz =0.34 d·1 (temperature: 21.3°C)
Oxygen deficit: 1.388 mg/l
Critical deficit: 5.73 mg/l
Critical time: 3.38 d
Critical distance: 29 km
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· APPENDIX C.4
Ch,mical Charact,ristics 0/ Groundwtltlr in til. ROI

Conductivity Ca Cl S04 Mg Fe
microS/em x 1000 !!!8lb m&lb m&lb !!!8lb m&lb

U.S. Standards 2500 100 250 250 10 0.3
Lower Martil Sites'" 8190 902 2551 130 286 0.3
Lower Martil Sites'" 5620 9 1611 450 13 25
Lower Marti! Sites· 11200 380 346 226 295 80
Higher Marti! Sites:j: 802 50 87 200 27 3.2

III Observation wells close to the coast
:I: Main pumping site (.50l/sec)

Reference: El Morabiti, 1991; RDM/M1P, 1991a
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APPENDIX C,S
Water Sources Available WUhill ROJ (LIsee)

Groundwater 1991 1992 2001 2011

Torretta Spring 68 68 68 68
Tamouda pumping sites 125 125 148 150
Smir pumping sites 50 50 50 75
F'nideq pumping sites 20 20 30 40
Wells 40 40 40 50

Surface Water

Nakhla Dam 400 400 400 400
Smir Dam 0 700 700· 700
River intake ....Q. ---2 --!! ---2

703 1403 1436 1483

Reference: RdM/MIIRDE, 1989a, b; RdM/MTP, 1989b
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APPENDIX C·6
Wat" Recomme"datio",

• Hydrogeologic and soil investigation to detennine soil penneability and groundwater depth,
flow, and contour map. This can be easily achieved by setting groundwater observation wells
(no more than five em in diameter and a minimum of three m penetration futo the groundwater)
around the perimeter of the site.

- Detennine if possible the outlet(s) of the leachate by identifying the lowest points of the sites,
drilling through the wastes layer, and pumping out the liquid if any.

- Detennine the strength of the collected liquid in tenns of BOOS, total suspended solids, nitrates,
alkalinity, calcium, iron, magnesium, manganese, zinc, and nickel.

- Monitoring of the water quality in the pumping sites beneath the landfill sites. Typicalleachate
composition should dictate the choice of the parameters to be analyzed. To minimize analytical
cost, only the following parameters should be investigated: iron, zinc, manganese, nickel,
magnesium. cadmium, alkalinity, suspended solids and pH. If excessive levels of metals are
detected, only then should a rapid screening test for volatile organics, pesticides, and PCBs be
perfonned.

- The use of the groundwater poses a major health risk if levels of contaminants are high. Also,
the existing water treatment facility in T6touan is not equipped to ensure the removal of those
pollutants. The use of the contaminated pumping sites should then be discontinued. A detailed
study on the future impact of these existing sites on the groundwater resources will then be
warranted.

- Independently of the contamination potential, the old and the present landfill sites should be
covered by 60 em of topsoil to seal the wastes, to prevent uncontrolled burning, and to minimize
odors. The sites also should be fenced to prevent access.

- The municipality should search for a new landfill site (the present one is close to saturation)
only after a feasibility study is undertaken, probably with the assistance of international experts
in the field.
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APPENDIXD
Fisheries in the Titouan Area

Table 1
Percentage of Total Weight (Tonnes) and Value (Dh) of Selected Species

Landed in M'diq in 1990.

I

Weight (tonnQ) CJL of total Value (Dh) % oftolaJ

Total 01 aU fish 6,036.7 100.0 37,4'3,832 100.0
landed

_'ecI tuna 535.3 8.' 16,760,342 44.7

sardine 2,562.! 42.5 8,644,927 .23.1

chlachard 950.8 15.8 3.!'f3,244 90S

bogue 801.0 13.3 2,855,428 7.6

mackerel 536.6 8.' 1,222,048 3.3

melva 311.6 5.2 1,637,5" .....
besuguQ 117.6 2.0 708,998 1.9

rouget 23.3 0.4 532MB l.4
"77'1, ,1!IW).

Table 2
Landings of Selected Species at M'diq by Year in Weight (1981-1990)

Red Tuna Bardla. Herrlnl Bope Madlerel Melva

1981 • 720.0 819.2 290.1 83.' 12.1

1982 • 875.6 1,061.5 391.9 !},l 52.1

1983 • 910.9 1,355.3 427.1 52.2 21.3-
1!84 0 l,223.5 1,207.1 287.2 1,1"'.0 21.2

1!185 0 • 1,130.3 1,483.8 479.8 156.4 13.1

198f 38.3 Z,817.6 902.0 427.0 56.9 118.8

1987 109.9 3,3'1.6 1,027.7 508.3 14'.1 72.8..
U88 ".6 1,"'.6 1,126.9 337.3 132.0 262.0

1989 4f).7 1,339.2 1,868.6 782.7 1"'.0 296.0

1990 535.3 2,562.! 950.8 801.0 536.6 31U
, lYlll-lYYU; lYllU)
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Table 3
Landings of Selected Species at M'diq by Year in Weight (1981-1990) (continued)

Besugues Rouget Anc:hovles Various Bonito Total c:atch
Seladens

1981 61.4 20.7 I f l84.4 9!6.3 46.8 4288.2

1982 40.9 14.0 489.1 107.6 15.6 3142.9

1983 43.6 5.6 136.3 213.9 27.1 3233.4

1984 41.3 4.1 107.2 254.8 22.8 4696.9

1985 76.1 14.1 40.0 211.2 13.9 4079.6

1986 73.9 20.6 72.5 35.0 U.5 4919.1

1987 64.3 19.0 3.8 47.1 43.8 5703.1

1988 10!.3 27.0 6.7 ".9 2U 4068.5

1989 201.3 41.8 2.4 4.8 18.5 5148.1

1!J90 117.6 23.3 2.9 2.7 0.3 6036.7

, 19111-19!A1; , 199 J)

The Tuna Fishery. The fishery fleet of Mfdiq is mostly an artisinal fleet that participates in
the sardine fishery and fishing of other pelagic stocks. There are a few trawlers that exploit
both pelagic and demersal stocks. In 1985, the red tuna fishery was established using a barrier
net system· called a madrague, which extends out from shore 1-3 Ian. The net runs
perpendicular to the shore, forcing the tuna into smaller enclosed areas running parallel to the
shore, in which they are kept for as long as 2 months (see Figure 1). The tuna are fed and will
continue to grow until they are harvested for market. The tuna is then processed (cutting off
head and tail, and gutting the fish) and put on ice for shipping. Nearly all of this is exported
by air freight to Japan.

Reasons for Reduction in Fish Catch. Responses from local officials and fishermen varied, but
most agreed that the major reason for the drop in the catch of anchovy, red and bonito tuna,
and selaciens (cartilaginous fish such as shark and rays) fisheries stocks was the increase in
fishing pressure, due to both an increase in the number of total fishermen and boats (mostly
from other pons) and to increased efficiency of gear. Pollution (both industrial and domestic)
from Spain and Morocco and from passing ships was considered only as a secondary reason.
Other concerns included climatic change creating an environmental stress on the tuna stocks
in addition to the human pressure; catch of juveniles; increased efficiency of the flShennen by
the illegal use of dynamite and the unregulated mesh size of nets (or using two nets of legal
mesh size together, therefore effectively reducing the net size); and finally, increased fishing
pressure of foreign fishermen illegally entering Moroccan fishing grounds.
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For the fishery based in M'diq, Martil, or Azla, local officials identified the major problems
that face the local fIshery as being limitations of technology, infrastmcture, education, and
management, and not prctblems with local sources of pollution. These problems were
specifically:

I) Most of the fIsher:' fleet is artisinal, therefore the fishennen can only fISh in the
nearshore zone and stay at sea for a short tim~ Thus they are very dependent on the
location of the fISh stocks and on the sea and weather conditions. When a strong
easterly wind blows, it is difficult to get out to the fishing grounds in the
MeditelTanean. Dwring this time, most of the effort takes place on the Atlantic out of
the port of Laraehe. .

2) There is no education program, either in a school or in an extension program, for
improving the fIShing techniques of the fIshennen.

3) The port of M'diq is very small, and the breakwaters and seawalls are ineffective in
heavy seas. This problem is most evident in the winter.

4) There is no effective program for monitoring and managing the fISheries.

5) The haul-out facilities in the port of M'diq can handle only small boats (less than 40
toones). Larger vessels must go to another port for any repairs.

6) There is no place in M'diq to purchase spare parts for vessel engines.

7) Fueling facilities are inadequate at M'diq, sometimes causing vessels to remain in port
until additional fuel supplies can be imported. .

The infrastructure problems will be ameliorated with the planned expansion of M'diq port.
However, the technology, education, and management issues will remain.
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Schematic Drawing of the Tuna "Madrague"
Net Fishing Technique.
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APPENDIX E.l

Dominant plant species in the T6touan area (based on Emberger, 1939; Mallayani, 1988).
Note the lack of overlap between the natural oak understory and the mattoral that often
replaces it. Note also that the species of trees involved in reforestation are not those
originally common to the area.

Coastal plain trees Quercus cocci/era (Ch~ne Kennes)
Tetraclinis articulata (Thuya)

Upland trees Quercus suber (Ch~ne Ii~ge)

and scattered stands of:
Pinus pinaster
Pistacia atlantica
Olea europea

Trees used for restoration
Pinus halepensis
Pinus pinaster var. maghrebiana
Pinus pinaster var. atlantica
Pinus pinaster var. iberica
Four other Pinus species
Three Acacia species .
Cupressus sempervirens
Numerous Eucalyptus species

Oak understory
Arbutus unedo
Cutis albidw
Cistis. arbustus
Cistis landanifetus
Cistis monspeliensis .
Cistis populi/olis
Cistis salvifolius
Cutis triflorus
Chamoerops humilis
Erica arborea
Halymium lasiocalycinum
Myrtis communis
Phillyrea angusiti/olia
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Mattoral
Ampelodesma mauritanica
Calycotome villosa
Chamaeropsumilis
Cistis albidus
Cistis crispus
Cisti~ monspeliensis
Cistis salvijolius
Erica ouistralis
Erica scoparia
Erica terminalls
Erica umbellata
Olea europea
Phyllirea angustijolia
Pistacea lentiscus
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APPBNDIX B-2

Hunting permits issued
Data from Selckatc (1991)

1_ 1882 1. 1.
y-

8-3

840EJ---820 T....

:1 ;:--
-..
640~

_ ••••••••••_ ••OM S!OI
600 z....__._....--. -

1. 1~

•

i..



Species of wa!erfowl observed at Lac Smir on January 11 and 16, 1984 (from Beaubrin et al,
1984).

Anser anser
Anas clypeata
Anas penelope
Anas platyrhynchos
Ardea cindrea
Aythya ferina
Ciconia ciconia
Circus aeruginosus
Egretta garzetta'
Fulica atra
Gallinago gallinago
Gallinu/a ch/oropuS
it itnantopus himantopus
Limosa /imosa
Netta rU/ina
P/egadis fa/cinel/us
Podiceps ru/ico/lis
Tringa totanus

E-4

French common name

Oie cendJ'&
Canard souchet
Canard siftleur
Canard colvert
86mn cendr6e
PJigule milouin
Cigogne blanche
Busard des roseaux
Aigrette guzette
Foulque marcoule
Bt!cassine des marais
Paule d'cau
Echasse
Barge l queue noire
Nette rouse
Ibis, falcinelle
Grebe castagneux
Chevalier gamhette
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APPENDIX E.4
Main I"",rl,brat, taxa ObSfrJI,d In Lac Smir (B,1clmII1988)
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APPENDIXF
Coastal Water Quality and Marln, Lif, MonltGrlng Program

A comprehensive coastal water quality and marine life monitoring program would include:. .
I. Water quality parameters:

Chlorophyll a
Turbidity
pH
Fecal Colifonn
Enterococci
NO]" + N02"

NH/
Total Nitrogen
Dissolved Organic Nitrogen (Calculated)
pot
Total PhospholUs
Dissolved Organic PhospholUs (Calculated)
Salinity
Temperature
Dissolved Oxygen
Pre-selected toxic pollutants (heavy metals, pesticides used

in the area)
Sea/Water conditions (visual observations of surface currents

(speed and dilection) and wind (speed and direction) during
• sampling, as well as historical notes on .immediate past

weather conditions - such as high surf, rains, etc.)

These should be measured quarterly at low-tide conditions. Preselected toxic pollutants
should be sampled once per year on sediments if none are found. If contamination·of
sediment.is found, sampling should be done quarterly. For each resort or town area, at least
two transects will be necessary with at least five stations pet transect with samples taken at·
the surface, midwater, and bottom. The transects should be separated enough to allow
monitoring of different biotopes, or areas of different influences (i.e., river discharges).

n. Marine life monitoring:

A. Quantitative parameters to be monitored include:
Corals: number of species, percent cover
~ish: number of species and individuals,size of

individuals
Macroinvertebrates: number of species and individuals
Macro_gae: number of species, percent cover
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Substrate characteristics: topographic relief, sediment
characteristics

Protected species (monk seals, sea turtles): number of
species/individuals, location, behavior, sex .

B. Qualitative: Breakage of corals, general health of reef system, litter on reef,
. level of fishing/diving effort. For turtles: look for presence of tumors and

tags. Qualitative infonnation of amount and coverage of sediment.

In general, marine life monitoring should be done twice per year. Selection of transects and
monitoring stations must be decided on a site-specific basis.

m. Specific monitoring programs will be necessary for monitoring the presence and
prevalence of toxic shellfish and fish ("red tide").

IV. Characterizing the plume from the Martil River also will be important. This can be
done during low and high flow periods (summer and winter seasons) utilizing
drogues and aerial photographs. .
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