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EXECUTIVE SUMMARY

USAID/Morocco will be developmg a major envIronmental program to help Morocco
address Its serIOUS enVIronmental problems To help the MISSIOn IdentIfy the major problem
areas, It requested aSSIstance from the centrally funded Project m Development and EnVIronment
(PRIDE) The PRIDE team used an approach under development by USAID that lS based on the
U S EnVIronmental ProtectIon Agency's comparatIve nsk assessment methodology (although It
does not have Its depth of detail and analySIS) ThIS approach IdentIfIed the major problem areas
and evaluated theIr relatIve Impacts on health, the economy, and ecosystems Next, the team
looked at possIble project OptIOns, and developed a scormg system to evaluate theIr relatIve
attractIveness

The team fIrst orgamzed envIronmental problems around the sectors of econOmIC actIVIty
WhIch produced them The sectors exammed mclude mdustry, mobIle sources, households,
agrIculture, and natural-resource based actIVItIes Some of these actIVItIes affect the enVIronment
through externalltles, thus mdustry, agnculture, and households generate water pollutIOn, and
mobile sources and mdustry generate aIr pollutIOn Other envIronmental actIVItIes affect therr own
long-run sustamability through theIr use of natural resources, thIS IS the case of woodfuel
harvestIng or 11 mmmg 11 aqUIfers for Irngation water

Based on quantItatIve data, mterviews WIth Moroccan experts, and theIr own judgment, the
team members assessed the Impacts of each of the problems on health, the economy, and natural
ecosystems A set of CrItena was developed for evaluatIng the Importance of each Impact For
health, these were three, the seventy of the health Impacts, the number of people affected, and
reversIbilIty or mtergeneratIOnal effects For the economy, there were two crIterIa, total cost and
tlmIllg of that cost Natural ecosystem effects were evaluated through a more complex set of
cntena, the seventy of ecosystem damage, whether the ecosystem IS common or uruque, the
extent of human dependence on the ecosystem for non-marketed serVIces, the number of people
dependent on the ecosystem, and the tlmIllg of Impacts

The team scored each problem accordmg to each cnterIon on a scale of one (mmIIDal
Impact) to fIve (senous Impact) Withm each Impact area the scores assIgned to the dIfferent
cntena were averaged, and the resultIng Impact area scores were averaged to arnve at an overall
assessment of the Impact of each problem These area scores were averaged to develop a smgle
compOSIte mdicator of the Importance of each problem area relatIve to the others

The result of thIS approach must be used carefully, smce It suffers from shortages m
accurate data and tIme for detailed analyses, and subjeCtIVIty m judgements and scormg
Nevertheless, It proVIdes a useful framework and mdications of the relatIve Importance of
envrronmental problems that can be refmed as tIme and resources permIt, and that WIll proVIde a
ratIOnal baSIS for makmg enVIronmental deCISIOns

Usmg thIS approach, the team developed an assessment of Morocco's envIronmental
problems The matrIces can be found on pages V-VB
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The team also IdentIfIed a number of possible project activities to respond to these
problems Because of the tlffie constramts, It was not possIble to walt for the results of the
problem reVIew m order to Identl'fy areas for project actiVities, therefore some activitIes respond
to problems which dId not emerge as highest prIonty Each activity was reviewed accordmg to
eight Criteria the lffiportance of the problems to whIch It responds (which IS the composite score
on the problem assessment), Its potential lffipact on those problems, the prIonty of the problem to
the Government of Morocco, the pnorIty of the problem to USAID, U S comparative advantage,
trade and mvestment opportumtIes, sustamabllIty, relatlOn to other donor actIVItIes, and support
to NGQs and women's groups The optIons were evaluated and scored on a 1 (least favorable) to
5 (most favorable) scale, and a weighted composIte score developed The composite scores
however are only mdlcatlve and should be used With care, the team dId not feel It had suffIcient
time to develop and analyze these optlOns to the pomt that the composIte score would be a
relIable mdicator of the relative attractiveness of the project optlOn

The major project OptiOns evaluated mcluded

1 Protected zones for drmkmg water mtake
2 Samtary landfIll management
3 Management support for sewage collection and treatment
4 Integrated watershed management
5 Eco-tounsm development m Morocco's mtenor
6 Artisanal tannery lffiprovement
7 Air qualIty lffiprovement and momtorIng
8 Phosphate processmg emissions ellffimation
9 Industrial pollUtion prevention
10 Water erosIOn of SOlIs
11 Dune encroachment control
12 Qum er RbIa River catchment basm management and envIronmental qualIty
13 Sebou mtegrated management plan

IV



PRELIMINARY PROBLEM ASSESSMENT MATRIX
Industnal and Automotive EmiSSions

Sector Pollutant! Average Composite
ACbVlty

Human Health EconomIc BIOdiversity

A EmISSIons mto Au

I Mobile Sources

Transport Sulfur DIOxide 23 20 12 18

Nitrogen OXide 23 20 12 18

Suspended Parttcles 23 20 12 18

Lead 30 20 12 20

2 Industrial FIxed Sources

Cementenes Dust 10 20 10 13

Sulfur DIOxide 10 20 10 13

Retinenes Sulfur DIOxide 10 20 10 13

Nitrogen OXides 10 20 10 13

Phosphate Sulfur DID'\ade 20 25 12 19

3 ArealArlIsanal Sources

Pottenes Suspended parttcles 20 • 10 15

Other pollutants 23 • 10 16

B Water EmISSIOns
Rivers

I Tannenes Chrome 33 20 26 26

2 011 plants Suspended particles
(ohve) (margme) 26 35 24 28

3 Textile Industry Suspended parttcles 10 25 22 29

4 Sugar factory Orgamc matter 13 25 28 22

5 Chemicals 20 25 22 22

Oceans

I Phosphate retimng Suspended particles 13 35 34 27

Heavy metals 26 35 26 29

DIssolved reSidue 13 35 22 23

2 Retinenes 0,1 Water Separahon
10 • 24 17

·No esbmate made

v
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PRELIMINARY PROBLEM ASSESSMENT MATRIX
Natural Resources Management

Sector Pollutant/ActIVity Average ComposIte

Human Health EconomIc BIodiversity

A Nntural Vcgctatlon Utilization 10 35 44 29

I Forcst u1111zatlon (rcsource use as Fuelwood collectIOn 10 35 46 30
mput)

Construction matenal 10 35 42 29

Agncultural expansIOn 10 35 44 29

Livestock overgrazmg 10 35 46 30

Resource affected by 10 35
externalities 44 29

B T~rreSlrlal Wildlife Utilization 10 10 35 18

I Wildlife utilization Sport hunllng 10 10 33 18

Game meat huntlnb 10 10 36 19

Eeotounsm 10 10 34 18

C Coastal Rcsources
10 10 33 17

Activities that affect resources
(externality gcncratlnb) Imgatlon 10 10 35 18

Construction 10 10 46 22

Tounsm 10 10 40 20

VI.



PRELIMINARY PROBLEM ASSESSMENT MATRIX
Agnculture and Land Use Issues

Sector PollutantlAcUVIly Average ComposIte

Human Health EconomIc Biodiversity

Agnculture

A Water Eroded and Degraded Land 30
10 40 42

B Imgaled Land 30 30 32 30

C Wmd Eroded and Degraded Land
10 10 30 16

OasIS dune encroachment 10 50 30 30

D ScenIc Land 10 10 27 15

E Urban ProXImIty Land
10 10 18 12

Vl.l.
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PRELIMINARY RISK ASSESSMENT
Water Suppphes, Domestic, and Accidental Pollution

Scctor Average Composite

Human Health Economic BlOdlversJuy

A Water Supply Management 23 30 28 27

B Domestic Pollution

I LiqUid Wastes Ovcrall 32 44 22 38

ratal diarrhea 40 50 - 45

Non fatal diarrhea 27 45 - 36

Other dlscases 30 40 - 35

Drmkmg watcr treatment - 40 - 40

2 Solid Wastes Overall 17 30 22 23

Llvmg on landfill diseases 20 30 - 25

Llvmg ncar landfill diseases 13 30 - 22

C ACCidental Pollution 23 30 16 23

-Not applicable

Vl.l.l.



SUMMARY OF OPTIONS SCORING

OPTION Problem Project GOM USAID Comparative Trade & Sustamab Other
Importance Impact Pnonty Pnonty Advantage Investment Ihty Donors NGOs TOTAL

Opportumtles

Wetghtmg 10 10 50 50 50 50 50 30 30

WATER

Protected Zones for 33 40 40 40 10 10 35 30 10 30
Drmkmg Water Intake

SanItary Landfill 23 40 40 50 40 30 40 20 30 35
Management

Management Support 33 40 50 40 10 30 30 40 10 33
for Sewage

INDUSTRY

Artlsanal Tannery 40 40 50 50 30 20 20 40 50 38
Improvement

AIr Quahty Momtonng 30 30 20 30 40 50 50 40 10 33

IndustrIal PollutIon 40 50 40 40 30 40 40 30 10 39
PreventIOn

Phosphate Processmg 30 40 10 30 30 40 30 40 10 30
EmISSions EhmmatlOn

ECOSYSTEMS

Integrated Watershed 29 40 40 50 10 10 40 30 30 32
Management

Eco-Tounsm 20 30 30 30 10 10 30 30 30 24
Development for the
Intenor

AGRICULTUREILAND
USE

Water EroSIOn of SOils 32 30 40 30 40 10 40 30 30 3 I

Dune Encroachment 20 30 20 20 10 10 40 20 20 23
Control

Oum er RbIa 50 50 50 50 40 10 50 50 40 45
Management Plan

Sebou Integrated 50 50 50 50 40 30 40 50 50 46
Management Plan

l.X
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SECTION I
INTRODUCTION

ProtectIOn of the enVIronment IS becommg an mcreasmgly lITlportant concern to the Umted
States Agency for InternatIOnal Development's (USAID) ffilSSIon m Morocco Reflectmg the
mcreased lITlportance of the enVIronment to the Agency as a whole, the MIssIon IS mcorporatmg
lffiproved natural resource management and envIronmental quallty mto Its strategIc ObjectIves As
part of thIS effort, the MIssIon requested the assIstance of the USAID Project m Development and
EnvIronment (PRIDE) to take an obJecuve reVIew of the problems posed by Moroccan
enVIronmental degradatIOn, m order to establlsh pnonues and develop optIOns for a major new
envIronmental project ThIs report presents the results of that reVIew

A Background

USAID's envIronmental strategy focuses on two global pnonty areas, c1lITlate change and
bIodIversIty In addluon, It supports enVIronmental management pracuces that further SUStamable
econOffilC development, thus getung away from "ffilllillg" the enVIronment to permIt short-run
growth at the expense of future generatIOns The agency has Idenufled pnonty countrIes WhIch
can make the greatest contrIbuuons to global cllITlate change, and IS m the process of IdentIfymg
countrIes whose bIodIversIty resources warrant speCial attentIon Morocco IS not among the
countrIes targeted for cllITlate change work, smce Its mdustry and power sectors do not contrIbute
sIgmficantly to greenhouse effilssIOns and Its c1lffiate and sOll will not proVIde major carbon
sequestrauon For bIOdIversIty, Morocco's potenual and pnonty WIll be determmed and IdentIfied
m future agency pnonty-settmg exerCIses

Therefore the Morocco ffilSSIon's enVIronmental actIVIties focus on lmkmg sustaInable
enVIronmental management and economIC development Three major projects related to the
enVIronment and several smaller efforts are currently underway

• The Gestion de l'Energie au Maroc (GEM) project traIns Moroccan engmeers to IdentIfy
and lffiplement profitable pollutIon preventIon and energy conservatIOn practIces m
mdustrIaI plants Smce It began m 1989, GEM has carned out audIts m scores of plants
whIch have led to marked reductIon m energy use and pollutant effilsslons

• The Tadla project IS workmg on agnculture and Irngation m the Tadla regIOn It IS
focused on water use effICIency through lITlprovements m system-wIde and on-farm
management of the resource It also focuses on lffiprovmg water qualIty through
JUdICIOUS use of agncultural mputs and sound agncultural practIces

• The Urban Infrastructure, Land Development and Fmancmg Program IS workmg on a
number of related efforts targeted at lITlprovmg llvmg condItIons for the urban poor
Loan guarantees are allowmg publIc agenCIes to upgrade squatter settlements m 11
Clues At the same time, the project IS provIdmg techmcal aSSIstance to those agenCIes to
strengthen theIr management capabilIty and help them ensure that theIr work IS done m
envIronmentally sound ways
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Morocco EnVIronmental OptIons AnalysIs PRIDE

• Through the Project m Development and the EnvlTonmental (PRIDE) project, the
MISSIOn has launched several other envIronmental actiVIties supportmg pnvate sector
ImtIatIves These mclude an assessment of pollution-prevention opportumtIes m the
Moroccan busmess sector, support for envlTonmental aspects of pnvatIzatIon, assistance
to the Centre de l'Entrepnse du Maroc to develop local envIronmental busmesses, and
assistance m development of mdustrIaI regulations which balance regulatory and
mcentIve-based approaches to pollutIon control

B Methodology

ThiS study used a two-step process The flTst step IS msplred by the comparatIve nsk
assessment methodology developed by the U S EnVIronmental Protection Agency ThiS method
helps pohcy makers Identify the environmental problems posrng the greatest nsk to both humans
and natural ecosystems To Implement It, the causes or sources of envIronmental degradatIon are
Itemized, and the Impacts of each problem on human health, the economy (or human well-bemg,
m some analyses), and natural ecosystems are determrned The empmcal assessments of Impacts
of degradation are scored relative to each other accordmg to a standard system agreed on by all
partiCipants m the nsk assessment exercise ThIS common scormg system allows companson of
the Impacts of degradation on health, economy and natural ecosystems By rankmg sources of
environmental degradation, we can IdentIfy the problems of greatest concern for pohcy makers

As developed by EPA, comparative nsk assessment IS a systematIC and thorough exerCIse,
typIcally takmg one to two years, and mvolves teams of up to a dozen people m each of the three
major Impact areas ThIS effort mvolved five people for less than five weeks each, and therefore
did not have the detaIl of the EPA method, eIther m the compleXIty of Its analytical work or m
the collection of empmcal data needed to quantIfy the Impacts of envIronmental degradation For
thIS reason, we do not refer to thIS effort as a "nsk assessment" Instead, we WIll refer to It as an
envIronmental "problem reVIew "

The second step of thIS work rnvolved Identlfymg USAID project options which could
respond to the concerns Identified through the problem reVIew Dunng the evaluation process,
Ideas arose for pOSSible USAID projects WhICh could address the key problems IdentifIed The
team developed a systematic lIst of cntena WhICh were applIed to review and rank pOSSIble
projects Based on those cntena, we Identified a few projects which appear the most promlsmg
Note that these recommendatIOns reflect only the team's assessment the miSSIon must make Its
own Judgments about project chOice

ThiS report has three major sectIons SectIOn II presents an overVIew of the legal and
mstItutIonal context for envIronmental management m Morocco Section III dIscusses the problem
reVIew phase of our work, descnbrng each problem area and the resultmg Impacts on health, the
economy and natural ecosystems The table at the end of Section III summarIZes the fmal results
of the problem reVIew, the accompanymg text hlghhghts the most Important envIronmental
problems Section IV discusses the assessment of the project options IdentIfied to address key
environmental problems Each option IS evaluated accordmg to a set of standard cntena, and
ranked m order of pnonty
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SECTION IT
INSTITUTIONAL CONTEXT

A Legal and Regulatory Framework

The legal framework for envIronmental protectIOn m Morocco IS outdated and hIghly
fragmented Most laws havmg any bearmg on the enVIronment were wntten WIth other purposes
m mmd, many of them decades before current envIronmental problems arose As a result,
eXlstmg laws and regulatIOns are madequate to control pollutIon or to ensure land use compatible
WIth enVIronmental protection RegulatIon of late-20th century problems such as hazardous
substances, mdustrlal waste, nOise pollution, or automobile exhaust IS entIrely lackmg or too
general to be enforceable Legally enforceable standards WhICh could prOVIde a basIs for
reqUIrmg mdustrles, motonsts or agnculture to reduce theIr pollutIon do not eXIst Further, there
IS no government mstitutIon authoriZed to morutor emISSIOns to ensure complIance WIth standards
even If they dId eXIst In one law, penaltIes for non-complIance are set m 1914 French francs,
hardly posmg a senous penalty to mdustry m 1995 Land and forest use regulations, partIcularly
lTIlportant for ensurmg sustamable use of natural resources, are based on a mIX of custom,
Koramc law, and modern law, makmg for consIderable confuSIOn and at tlTIles Irreconcl1able
COnflICt

B Pubhc Sector OrgamzatIonal Structure

EnVIronmental protectIon m Morocco IS the responsIbilIty of a number of dIfferent
government mIDlstrles, cOmmIttees, offIces, and agenCIes In 1992, the Under-Secretanat for the
EnVIronment (Sous-SecretarIat pour l'EnvIronnement) was created wlthm the Mlll1stry of Intenor,
and gIven overall responSIbilIty for coordmatmg enVIronmental protectIon efforts As a new
agency, staffed largely WIth young, hlgWy tramed, but relatively mexpenenced people, It has not
yet completely found ItS ruche, and many questIOns stl11 remam about the exact allocatIon of
responsIbIlIty for the Moroccan enVIronment A bnef reVIew of the major mstitutiOns mvolved
WIll shed some lIght on the Issues

Bl The Sous-SecretarIat d'Etat pour I'EnvIronnement (SSE)!

The SSE was created m August 1992 wlthm the Mlll1stry of Intenor It IS responsIble for
encouragmg and coordmatmg the lTIlpiementatl0n of the natIOnal envIronmental strategy and
polICieS The exact dIVISIOns of respollSlbl1Ity between the SSE and the sectoral mlll1stnes that
manage the enVIronment on a routIne baSIS are stIll bemg worked out Thus questIOns about who
develops proposed legIslatIOn on mdustnal pollutIon, or WhIch mInIstry IS to have the authonty
and technIcal capaCIty to morutor complIance, or who IS to be empowered to lTIlpose sanctions for
non-complIance, are stIll very much up m the aIr Moreover, the SSE has not yet been fully
staffed, m partIcular, few serVIce heads and dIrectors have been named Consequently, there IS
still more work to do before the SSE IS fully operatIonal, WIth ItS mandate clearly defmed and
accepted by all agenCIes mvolved m enVIronmental management

! In March 1995 the SSE was made a separate mInIstry as part of a Moroccan government reorganIZatIOn
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Morocco EnVIronmental Options AnalysIs

At present the work of the SSE IS concentrated m five basIc task areas, two of which
(monItormg and legislatIve development) have receIved by far the most attentiOn

• mOnItonng envlTonmental qualIty and pollutiOn
• legislatiOn and regulatIon
• publIc awareness, trammg, and mformatiOn
• supportmg local envlTonmental actIons
• coordmatIon
• mternatIonal collaboratiOn

B2 The Consed NatIonal de l'EnvIronnement (CNE)

PRIDE

The CNE was created m 1980, but not smce the creatIon of the SSE has It played an actIve
role m environmental protection With the deCiSion to create the SSE came the deCiSion to
revitalIze the CNE It has had several regular meetmgs smce then, and is focusmg its work on
legislative and regulatory Issues, as discussed above The CNE has four regular committees
covermg JudiCial Issues, mternatIonal actions and conventions, the Sebou basm, and the natIonal
enVIronment strategy In addItion, It has created speCial committees to handle sustamable
development, desertifIcatIon, and natural catastrophes Although these committees are still m the
early stages of theIr work, they constitute the InstItutional context wltlun WhICh the country IS
addressmg mtermlmstenal environmental Issues The SSE prOVides the secretanat for the CNE
and coordmates actIVIties of the committees and workmg groups

B3 Key MlDlstrles

The everyday work of managmg the envlTonment, and the more strategIC work of
partlclpatmg m the CNE and ItS committees, commiSSions, and workmg groups, IS handled by a
number of key mlmstrles

• The Mmistere de l'Agnculture et de la MIse en Valeur Agncole (MAMVA, Mlmstry of
Agnculture and Use of Agncultural Resources) IS responSible for all activities that Its
name ImplIes, mcludmg crop protection and soli conservation Management of forest
and range resources and natiOnal parks IS the responsIbilIty of Its DirectiOn des Eaux et
Fon~ts

• The Mmlstere des Travaux PublIcs et de la FormatIon ProfeSSiOn et de la Formation des
Cadres (Mtrnstry of PublIc Works) IS responSible for all water projects, dams, water
quahty measurement, and port construction and management The OffIce NatIonal de
l'Eau Potable (national dnnkmg water authonty) IS under the dlTectIon of the MTP

• The MlnIstere du Commerce et de l'Industne (MInIstry of Commerce and Industry) IS
responSible for mdustnal promotion Consequently, It plays a major role m the
negotiations concernmg mdustnal emISSiOns standards and SubSidIes to help meet them
It IS also the source of data on mdustnal dIscharges It m pnnclple controls the
government-owned mdustnes, although as a practical matter It has lIttle say over thelT
operations or mvestments

• The Mtrnstere de l'Energle et des Mmes (Mmlstry of Energy and Mmes) IS responsible
for energy production and promotion of the mlnmg sector It IS therefore mvolved m
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Section /I Institutional Context PRIDE

negonatmg emISSIons standards for those two sectors, and IS a source of data on theIr
dIscharges

• The M1ll1stere de l'Inteneur (M1ll1stry of Intenor) oversees acnvIties of the local
collecnvines-communes and urban commumties It IS dIrectly responsIble for land use
planmng at the natlOnal, reglOnal, and local levels, and thus for mtegration of
envIronmental concerns mto the plannmg process Local collectivines are responsIble for
trash collectIon, landfills, sewer systems, sewage treatment, and the urban enVIronment
m general The ffillliStry has a major role to play m helpmg them carry out
responsibIlInes, provIdmg techmcal support, fmancIaI analYSIS data, and fmdmg
mvestment capItal The ffillliStry, along WIth the M1ll1stry of Fmance, approves local
budgets and expendItures, and thus has control over 10cal1ll1natives on the enVIronment

• The M1ll1stere de la Peche MarItIme (M1ll1stry of Marme Fishenes) IS responsIble for
promonng explOItatIon of Morocco's fishenes resources Through ItS Institut Supeneur
de la Peche MarInme It conducts research on marme ecosystems, qualIty and quantIty of
the fISh stocks, and pOSSIble Impacts of pollutIon

• The M1ll1stry of Tounsm IS carrymg out a tounsm management strategy that WIll
mvolve consideratlOn of the enVIronment and assessment of opportumties for resource
based tounsm, and an assessment of the Impact of beach and urban pollutIon on the
deSIrabilIty of Morocco as a tounst destInatIon

• The M1ll1stere de l'Education NatlOnale (EducatIon M1ll1stry) IS mterested m the
enVIronment through umversity studIes and research m related areas

• The Mlllistere de I'Habitat (Housmg Mlllistry) IS responsIble for urban housmg and
Improvmg the qUalIty of the urban enVIronment

B4 Local Government

Local government plays a faIrly mmor role m the protectlOn of the enVIronment m
Morocco Although the local collectIVItIes have been gIven mcreasmg responSIbIlIty over the past
few years, and the country mamtalllS a polIcy of decentralIzatIon, both the legal authonty and the
fmancIaI capaCIty of local authontIes to address envIronmental problems withm theIr JunsdiCtIons
IS lImIted Legally, they are hampered by the absence of natIOnal emISSIOns standards and the
lack of a speCIfIC legal framework authonzmg control of actIVItIes of mdustries withm theIr
borders FmancIally, they lack the resources to address theIr own pollutIon, through constructIon
of sewage treatment plants or samtary landfills

C Nongovernmental OrgamzatIons (NGOs)

NGOs presently playa very l1ffilted role m envIronmental protectlOn m Morocco, but there
IS substantial mterest m mcreasmg theIr mfluence There are several dozen enVIronmental NGOs
workmg m the country2, focusmg on Issues such as blOlogIcal dIversIty, urban pollutIon, publIc
InformatIon about the envIronment, research on enVIronment and development, recyclmg, and
tree-plantmg Most of these groups are small, WIth 11ffilted budgets and membershIps and tend to

2 See AFJEM 1994 for an annotated lIst
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focus on a sIngle local Issue Envlfonmental NGOs do not playa polIcy role In Morocco, because
the polItIcal process does not currently allow for the kmd of open debate and effectIve advocacy
that has characteriZed NGOs In developed countrIes However, there IS consIderable Interest in

strengthenIng the NGO role In ImplementIng envlfonrnental protectIon measures, espeCIally for
commumty organIZIng, publIc mformatIon, and buddmg awareness and support for envlfonrnental
protection In general
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SECTION ill
PROBLEM REVIEW

A Methodology

The problem reVIew followed the general approach to comparatIve rIsk assessment deSIgned
by U S EnVIronmental ProtectIOn Agency ThIs IS a several-step process (dIscussed m more
detail m Annex A)

At Identify the Major EnVIronmental Problems Confrontmg the Country

IdentIfymg envIronmental problems IS relatively straIghtforward However, the decIsIon
about how to structure them IS much more dIffICUlt After much dIScussIon and several mId
course corrections, the team orgaruzed the problems loosely accordmg to the sector of actIVIty
generatmg them Thus envIronmental problems are consIdered to be the outcome of speCIfIC
sectors of econOmIC actiVIty, WIth "households," m effect, consIdered to be a sector In thIS
framework, most degradatIOn can be understood as an external problem, mdustry causes
pollution, households cause pollution, and agrIculture causes pollution For natural resource
based actIVIty, however, the problem IS not one of externalItIes, but of overuse of the resource
base The forestry or fIshery sectors for example can overuse theIr own resource, Imposmg costs
on themselves m the long run SlmIlarly, unsustamable water use for agrIculture Imposes costs on
the agncultural sector Itself and potentIally aggravates water shortages for mdustry and human
consumptIon

ThIS approach led to the followmg major sources of envIronmental problems general water
management Issues, domestic pollutIOn of surface and ground water, mdustrIaI pollutIOn of water
and aIr, mobile source aIr pollutIon, aCCIdental pollutIOn, agrIculture and land use, and natural
ecosystem-based actIVIties Note that thIS approach does not dIstmgUlsh between "green,"
"brown," "blue," or other-colored Issues per se The agrIcultural, resource-based, and general
water management sectors encompass what IS conventionally thought of as green problems
DomestIC pollutIon of surface and ground water and mdustrial and mobile source pollutIOn of
water and aIr cover the brown Issues Marme pollutIon IS handled prImarIly through assessment
of mdustrlal pollutIon, tIme and data lImItatIOns preclude a more thorough assessment as part of
thIS effort

A2 IdentIfy the Impacts of these Problem Areas on Health, Economy, and Natural
Ecosystems

The problem reVIew focused on the three Impact areas IdentIfIed by the EPA methodology
The team members reVIewed documents and met WIth Moroccan government offiCials, donor
agenCIes, and project staff to develop an understandmg of Impacts of the varIOUS problems m
each area Insofar as pOSSIble, the team gathered statIstIcal data WIth WhIch to quantIfy the
Impacts Where thIS was ImpOSSIble, team members made assumptions WIth WhIch to estImate
Impacts, or SImply used theIr own Judgment, or the assessments of the other experts contacted to
evaluate the Impacts of each problem
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After much discussion, the team Identified the followmg cntena to Judge the lffipacts of
each problem

Health Impact

• Number of people affected
• Seventy of health unpacts
• Reverslblhty of health effects

Economic Impact

• The total annual economic cost of the problem (One-tune mvestments are converted to
an annual cost) These mclude actual or potential expenditures necessitated by the
problem, In the absence of any changes from eXistIng management systems (e g , no
pollutant discharge standards, etc) They also mclude estlffiated value of certaIn non
marketed lffipacts on economic well-bemg, for example, loss of women's non-marketed
labor due to Illness IS valued at the average cost of men's marketed labor They do not
mclude valuations of non-marketed unpacts on the quahty of hfe, such as wlllmgness to
pay for the eXistence of wlldhfe or non-economic harm caused by health problems
Assessment of such costs IS mcluded withm the lffipacts on health and natural
ecosystems

• Tunmg of the economIC unpacts (repeated costs vs one-tune cost)

Natural Ecosystem Impact

• Seventy of unpact on natural ecosystems
• Umqueness (degree of endemIsm) of the ecosystem affected
• Extent of non-marketed human dependence on that ecosystem
• Number of people dependent on that ecosystem
• Tunmg of unpact

The team members scored each problem on a one to five scale accordmg to each of these
cntena The scores were then combmed to arnve at composite scores for the unpact of each
problem on each of the three broad lffipact areas and an overall compOSIte score for the
Importance of each problem (DetaIls on the exact slgmflcance of each score and the formulas
used to arnve at compOSIte scores are prOVided m Annex A) The results suggest the relative
Importance of the environmental problems IdentifIed m the problem review

B EnVironmental Problems

BI Moroccan Water Management Issues

Bla Water Resources Problem DeSCrIptIOn

Water has always been a VItal factor m Morocco's economIC and SOCial development
Annual ramfall m Morocco represents an average of 150 bIllIon m3 of water, and vary from 50 to
400 m3 Most of thIS water IS either consumed by evapotranspiratIOn or lost to evaporation or
dIscharge mto the sea Only 30 btlhan m3 constitute the useful ramfall which contnbutes to
renewable water sources each year ThIS contnbution IS diVIded mto 22 5 bIlhon m3 of surface
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water and 7 5 bl1lIon m3 of ground water However, only 21 bl1lIon m3 per year are consIdered
usable under condItions WhICh are technIcally and econormcally acceptable

These resources are uneven throughout the country The Sebou, Bou-Regreg and Oum-Er
RbIa nver basIns account for more than two thrrds of the hydraulIc potentIal of the country In
addItIOn, the flow varIes consIderably throughout the year Between 60 and 90 percent of surface
water resources are aval1able durmg the ramy season, and most water courses expenence severe
low penods, sometimes WIth no flow at all for more than half the year

On the eve of mdependence m 1956, Morocco had 13 dams permIttmg rrngatlon of
135,000 hectares of agnculturalland Smce then, thIS number has grown to almost 60 dams, WIth
a total capaCIty of 10 bIllIon m3 (representmg an rrngatlon capaCIty of about 650,000 rrngated
hectares), as well as a sIgmficant number of smaller local dams, WIde-mouth wells, and narrow
wells The quantitIes of water mobIlIZed have grown from 3 bl1lIon m3 m 1955 to 10 5 bIllIon m3

m 1990, of WhICh 7 5 bIllIon m3 are surface water and 3 bIllIon m3 are ground water The
number of drmkmg water mtakes has grown from 288 m 1981 to about 400 m 1990, dnnkmg
water treatment plants, WhICh numbered 14 m 1981, were 25 m 1990

Although the water mobl1IZation efforts have been sustamed smce 1960, we must note that
due to populatIOn growth the avaIlabl1Ity of water per person has dropped steadIly, mdlcatmg an
mcreasmg scarCIty of water resources For thIS reason Morocco launched a process of surface
and ground water planmng m 1980 The ObjectIve of thIs process IS to prepare a natIOnal water
plan WhICh assures that water supply w111 permanently be suffICIent to meet the needs of the
dIfferent sectors of econormc and SOCIal aCtiVIty The plan also aImS to ensure that water use WIll
be effICIent m econormc terms and JUdICIOUS m terms of ItS Impact on the natural enVIronment
As a frrst step m thIS planmng process, the AdmmIstration de l'HydraulIque has prepared master
plans for mdlvldual nver basms or groups of basms

BIb Use of Water Resources

Morocco's dams meet 60 percent of Its domestic and mdustrIaI water needs These faCIlIties
also provIde one thrrd of the productIon of hydroelectrIc energy m an average year In 1990,
o85 bIllIon m3 were used for drmkmg water and mdustry, representmg some 7 8 percent of total
resources mobIlIZed 10 05 bIllIon m3 were destmed for rrngatIon, or 92 2 percent of total
resources avaIlable Of the resources used for rrngatlon, 72 6 percent ongmated m surface water
courses and 27 4 percent ongmated m underground sources

PrOjected Water Demand for Drmkmg, Industry and Agriculture
(m billions of m3

)

USE OF WATER 1990 2000 2010 2020

Total quantlty aVaIlable 10 90 14 10 18 21 2100

Dnnkmg water & mdustry 085 204 295 400

Irngatlon 10 05 1207 1526 1700

percent Irngatlon 92 85 83 80

Source ConseIi Supeneur de 1Eau 6eme sessIon 1992
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The intensive use of ground water to meet drInking, mdustnal, and agrIcultural needs,
combmed With the effects of drought In recent years, have led to overuse and continual droppmg
of certam water tables, particularly those of Haouz, Marrakech, and Souss This drop had led to
drying up of water resources used for traditional Irngatlon, placmg the peasant populatIOn m
jeopardy

BIc Water Resources Management

The objective of Morocco's water development strategy IS to ensure that supply IS adequate
to meet the demand, whIle protectmg the qualIty of the resource base Over the next 20 years
slgmflcant water defiCits are expected to emerge In certam rIver basIns, as shown on the table
below

Supply and Demand for Water Resources m Selected RIver Basms
(m milhons of m3

)

SELECTED RIVER 1989 2020
BASINS

Supply Need + or- Supply Need + or-

B Rlfams Nord 464 403 + 61 1545 I 052 +493

B Moulouya 1122 1 205 - 83 1670 1 816 -146

B Sebou 2329 1 704 + 625 4768 3916 +852

B B-Regreg et Cotes 339 327 + 12 852 902 - 50

B Oum Er Rbla 3977 2846 +1131 4067 4869 - 802

B Tenslft 644 1 607 - 423 1 121 1 630 - 409

B Souss 675 734 258 777 1 175 - 398

B Massa 143 108 + 25 144 185 - 41

NOlL Because only selected river basms are mcluded m thiS table II does not represent the overall waler balance of the
LOuntry for thiS reason there IS no total row (Source Consetl Supeneur de I Eau 6eme sessIon 1992)

To deal With the shortages, the fourth session of the ConseIl SuperIeur de l'Eau (CSE)
recommended transfers from surplus basms to defiCit baSinS These Will mclude

• Transfers from the Loukkos, Sebou, Bou Regreg and Dum Er Rbm basms to assure
steady water supply to the coastal zone between Kemtra and EI Jadlda, which IS
expected to show a major defiCit startmg m the next century ThIS WIll Involve a transfer
of about 1, 120 millIon m3 per year

• Transfers from the Sebou to the Moulouya baSInS to contrIbute to the development of
Irngation m Eastern Morocco The volume to be mobilIzed IS 120 mIlhon m3 per year

• Further analySIS of the proposal to transfer water from the MedIterranean coastal baSins
and the Moulouya basm, which Will Involve an annual volume of some 440 mIllIon m3
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The costs of these transfers will vary between 0 98 Dh/m3 (for the Loukkos Rharb
transfers) and 5 82 Dh/m3 (for transfers from the MedIterranean coast to Moulouya) The CSE
has also recommended several other strategIes that may help mcrease total water supply

• A more closely lmked management of surface and ground water, partIcularly by
artIfICially rechargmg the ground water supply

• Increased use of treated wastewater for rrngatlon

• Increased use of brackIsh water, WhICh has sIgmficant potential

Water transfer addresses the supply sIde of the water problem Another approach IS to
promote water conservatlon to reduce demand, to reduce or delay the maSSIve capItal mvestments
needed by the transfer projects and aVOId the ecologIcal problems they will create Wasted water
IS wIdely consIdered to be a major problem among all user groups, rrngatlon, domestlc
consumptIOn, and mdustry In the domestIc and mdustrIaI uses, the wastage IS reported to be
largely due to poorly mamtamed eqUIpment In agnculture, however, It IS wIdely recogruzed that
water pncmg plays an Important role The Government of Morocco pnces rrngatlon water well
below ItS sOCial cost Tills reflects a polIcy deCISIon by the government to encourage farmers to
stay on therr land Whether thIS subSIdy to agnculture, WIth the capItal and possIble ecologIcal
costs WhICh It entails, IS a net benefIt to the country IS beyond the scope of thIS effort smce It IS
lmked to broad SOCial polIcy, employment ObjectIves, attempts to control rural-urban mIgratIon,
and other SOCIal Issues

Acknowledgmg that water demand IS a problem, the CSE foresees a number of other
actIvItIes m addItIOn to the transfers

• Control and ratlomng of water demand and use, protectIOn and preservatIon of water
resources, and protectIOn of dams agalllSt siltatIon

• AggreSSIve use of econOffilC mcentlves to ensure effICIent water use

Bid Health Impact

Large-scale transfers of water between nver baslllS to meet the antIcIpated demands from
urban areas, could have detrImental effects on human health The declme m water flows m the
water-donanng baslllS will result m a lessened abIlIty of these baslllS to naturally fliter water,
mcreasmg stagnatIOn ThIS could lead to an mcrease m water-borne dIseases lIke dIarrhea,
typhOId, cholera, memngltIS, and hepatItIS In addltlon the stagnatIOn of water m donatmg
baSillS can lead to illcreases ill msect-borne dIseases

Ble EconomIC Impact

The major econOffilC Impact of Morocco's water supply problems IS the added cost of the
constructlon of dams and water transfer mfrastructure These costs are carned by the populatIon
through the tax system smce water IS pnced well below the costs of provldmg It ThIS encourages
a greater dependency on agnculture than would be the case If water charges were expected to
cover the entrre costs of hydraulIc mfrastructure, smce a sIgmficant portIon of Morocco's
agnculture produce ffilght not be competItlve If the pnce of water mcreased substantially ThIS
strategy by the Government of Morocco reflects a set of consIderatIons WhICh go far beyond
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water conservatIon and envIronmental protectIon, assessmg the unpacts of thIS water prIcmg
polIcy IS eqUlvalent to assessmg the government's entIre development strategy More narrowly, It
IS pOSSIble that other mecharusms for SubsIdlZmg farmers could be more efficIent than through
water pncmg These other mecharusms mIght be less harmful to the environment The difference
between other SUbSIdy schemes and the current one would then constItute the costs of the water
problems and the government's approach to addressmg them In any case, these costs are hIgh
and WIll mcrease m the future as the government constructs addItIOnal dams and begIns
transferrmg water from one basm to another

Btf Natural Ecosystems Impact

The transfer of water from a natural a natural rIverme system to another area can have
severe Impacts on blOloglcal resources Such a transfer can reduce rIver water flow The
reduction of flver flow may mcrease the concentratIOn of rIver pollution, reduce rIver oxygen and
mduce an environment which IS breeds msects and pests An mcrease m pollutIon concentratIon
can pOlson fIsh and other marIne lIfe Pollution can also make wlldlIfe habItats unsUltable for
natIve and migratory brrds Increased pollUtion can also destroy habitat for rIverme species upon
which bIrds and other larger anunals depend for food A reductIon m oxygen resultmg from
reduced water flow can cause fish and other marme specIes to dIe out prematurely

The maSSIve transfers planned by the Government of Morocco m order to address water
shortages are lIkely to carry very hIgh rIsks As observed m other countries, mcludmg the Umted
St:'ltes, large scale water transfers can bnng about unforeseen changes m water tables, the
mtruslon of saltwater mto freshwater systems, major changes m specIes compOSitIon, a declme m
ecosystem functIOrung, and the degradation of key fishenes and fIsh breedmg grounds These
rIsks can be neIther fully antICIpated nor completely elunmated

BIg Problem ReVIew Results

Water supply IS a major problem for the long-run development of the Moroccan economy
Current water use practIces, and even more, the planned rapId constructIon of dams and
mfrastructure to transfer water across rIver basIns, w1l1 unpose sigrufIcant economIC costs and
senous ecologIcal nsks

B2 Domestic Pollution of Surface and Ground Water

B2a Problem Description

The populatIOn growth and SOCIo-economiC progress of the country have led to a rapId
growth m domestIc and mdustnal wastes These wastes have harmful unpacts on the enVIronment
m general and on water m partIcular The World Health OrgamzatIon defmes water pollutIon as a
"dlseqUlhbrIum whIch results from human actIVIty and makes water unSUItable for ItS pnor use"
(WHO, 1968) Water pollutIon m Morocco IS due essentially to urban and mdustrIaI dIscharges
mto the hydrographIc network WIth no prIor treatment AgrIcultural actIVIty also plays a non
trIVial role m surface and ground water pollutIon Fmally, aCCIdental pollutIon constItutes a
growmg threat whose unpact IS mcreasmg for water users

DomestIc pollution has essentIally two components, lIqUId waste and solId waste The
annual volume of wastewater dIscharges has grown rapIdly m the past three decades, from 48
mllhon m3 to 370 mIlhon m3 between 1960 and 1990 Moreover, predICtIOnS mdicate that these
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dIscharges wIll contmue to grow rapIdly, reaching 500 nulhon m3 m 2,000 and 900 milhon m3 m
2,020 (CSE 1992) The prmclpal factors contnbutmg to tins growth, accordmg to the same
source, are

• An mcrease m urban populatIOn, at the rate of 4 4 percent per year
• An mcrease m the share of households connected to the drmkmg water network, WhICh

grew from 53 percent m 1972 to 79 percent m 1993
• The mcrease m average water consumptIOn, from 85 hters per person per day m 1972,

to 116 m 1992

At present Morocco, m collaboratIon WIth the World Bank, IS developmg sewerage master
plans for several major CIties These studIes are well advanced, and should lead to the
lffiplementatIOn of lffiproved sewage collectIOn and treatment systems Moreover, the management
of murnclpal sewage IS currently undergomg a major change Its fIrst step COnsISts of
progressIvely transferrmg the sector to the compames charged WIth dlstrlbutmg drmkmg water
and promotmg the collection of correspondmg revenues, as m Casablanca For smaller CIties, the
National Drmkmg Water OffIce (ONEP) will be responsIble for sewerage

Few Moroccan CItIes have operatmg wastewater treatment plants Instead, they dIscharge
wastewater drrectly the envrronment, partIcularly surface water bodIes ThIS IS the case of the
major CItIes of Fes, Meknes, Taza, KheIDlsset, Khernfra, and Marrakech The AtlantIC Ocean
receIves most of the household waste smce the prmclpal Moroccan CItIes are on the coast The
central and north-western econOIDlC regIOns (Casablanca and Rabat-TangIers) dIscharge almost 60
percent of the national total of household wastewater These dIscharges constItute the prmclple
source of orgamc water pollutIon, accountmg for about 75 percent of bIOlogIcal oxygen demand
(BOD) and 85 percent of cheIDlcal oxygen demand (COD) (SSE, 1994)

The Sebou Basm IS the regIOn most affected by domestIC pollutIon The dally dIscharges
mto this basm by some 1 2 IDllhon people amount to 110 tons of suspended sohds, 70 tons of
orgarnc matter, 18 tons of rntrates, and SIX tons of phosphorous In addItIon, we must add the
pollutIon m the form of pathogernc IDlcroorgamsms Thus m nver stretches upstream from
dIscharges fecal cohform counts (a good mdlcator of bactenologlcal pollutIOn of fecal ongm) are
on the order of 500 per 100 ml of water Immediately downstream form the dIscharges, the
counts can reach as hIgh as one IDllhon per 100 ml of water, WIth IdentIfIcatiOn of pathogernc
germs as far as several kilometers from the dIscharge pomts (CSE, 1990) WhIle other nver
basms are not nearly as polluted as the Sebou, they may be expected to approach thIS level as
population grows, If wastewater treatment systems are not Installed

Use of untreated wastewater m rrngatlon IS a sIgrnficant problem as well A recent survey
found that over 7,000 hectares are rrngated WIth untreated wastewater m pen-urban areas where
people grow gardens, fruIt trees, and cereals ThIS IS the case around the CItIes of Marrakech,
Meknes, OUJda, Fes, EI Jadlda, Khourlgba, Agadrr, Bern Mellal, Benguerrr, and Tetouan, (CSE,
8eme seSSIon ) Moreover, the companson WIth earher data shows that thIS practIce IS mcreasmg
m lIDportance Morocco consIders waste waster as a potentIal hydrologIcal resource, and
encourages the development of mtegrated sewerage-treatment-reuse projects ThIS would have the
double advantage of takmg advantage of water resources (partIcularly m water-defICIt regIOns)
whIle reducmg to a IDllliIDum the envrronmental nUisances that they create

The production of sohd wastes IS hnked to econOIDlC and SOCIal development It IS
estlffiated at about 10,000 tons per day, up from 1,600 tons per day m 1960 ThIS productIOn IS
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concentrated m the major urban centers, m 1989 Casablanca produced 2,000 to 2,300 tons per
day, or about 30 percent of the total natIOnal productIOn (DGCL, 1989)

Sohd wastes constItute a cause of consIderable nUlsance to the natural envIronment and a
certaIn danger to pubhc health ThIS danger eXISts drrectly at the household level If trash IS not
collected rapIdly It eXISts where trash IS deposIted, m plIes where people leave It, around
contaIners, or m the roads when collectIon and transport IS too hasty Low trash collectIOn rates
compound the dangers In certam reSIdential neIghborhoods, whIle nearly 100 percent of the waste
1S collected m Casablanca and Rabat, the fIgure IS only 40 percent for TangIers and 85 percent
for El Jadlda (USAID, 1992) For the country as a whole collection rates are 85 percent In
urban areas and 2 percent In rural areas (World Bank, 1994 ) The dangers of sohd waste also
eX1st dIrectly on the landfIlls, WhICh are often lIttle more than huge trash heaps The most
notOrIOUS problems are observed around major CItIes such as Meknes and Rabat The Casablanca
landfIll, In partIcular, In the Medlouna quarry, IS pollutmg the ground water and confronts the
traveller leaVIng the CIty WIth Its appearance, Its smoke and dust, and the odors that waft through
the CIty

The phySIcal and bIOlogIcal propertIes of Moroccan household wastes are dIStInCtly
dIfferent from those produced In developed countrIes, notably In Europe Moroccan wastes
contaIn a partIcularly hIgh proportIOn of orgaruc matter (more than 65 percent), and the level of
humIdIty (65 to 70 percent) IS almost double that of European wastes These charactenstIcs
Increase the rIsk of contamInatIon of surface water and groundwater from runoff and mfiltratIon

Other categones of waste are also deposIted m the pubhc landfIlls These Include IndustrIal
wastes, WhICh amount to 80,000 tons per year, composed of sludge, sand, and metal scraps (72
percent), sub-products (22 percent), and prImary materIal scraps (5 percent) The chemIcal
IndustrIes produce 20 percent of these dIscharges, made up of productIon waste and chemIcal
product packagIng These wastes are deposIted eIther In publIc landfIlls or In unmanaged SItes
adjacent to productIon facIlItIes MedIcal wastes are also a matter of concern These are
composed of pharmaceutIcal products and orgaruc debrIS, Includmg hazardous wastes The largest
hOSpItal centers are eqUlpped WIth IncInerators, but many others send theIr wastes to the publIc
landfl1ls

RecyclIng of household wastes eXISts, but It IS Informal and tradItIOnal RecyclIng occurs
throughout the length of the treatment cham, from collectIon to the landfIll, where it may Involve
entire famIlIes A number of mtermedIanes are mvolved, from those who collect trash at the base
to those who resell It to recyclmg plants m Casablanca, Kerutra and TangIers RecyclIng IS
concentrated essentIally on plastIc packagmg and cardboard One study estlffiates that 50 percent
of plastIc IS currently recycled (SSE, 1994 )

B2b Health Impact

DomestIc pollutIon affects health through transmISSIon of pathogens WhICh can occur
through several dIfferent mecharusms DIrect contact WIth wastewater by agncultural workers and
theIr famIlIes IS one major source of contammatlOn ThIS prlffianly affects agncultural workers
IrrIgatmg WIth urban wastewater IndIrect contact can result from drinkIng contammated water or
consummg vegetables Irngated WIth wastewater In addItIon, the mfIltration of the "JUlces"
produced by landfIlls IS a certaIn source of contammatIOn of the ground water In areas where the
surface SOlis are hIghly permeable ThIS IS partIcularly hazardous In rural areas where people rely
on uncontrolled wells for therr dnnkIng water
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Available publIc health statIStICS gIve a clear pIcture of the 1lllportance of water-borne
dIsease m general, but do not allow us to dlstmgUIsh the contnbutIOns of surface and ground
water pollutIOn (and thus, the dIfferences between sewage vs landfill problems) The most
WIdespread water-borne dIsease IS dIarrhea, from WhICh each child under fIve years of age suffers
an average of 4 5 tImes per year, or a total of over 14 ml.1lIon cases per year natIonwIde
Accordmg to the M1ll1stry of Health, dIarrhea problems are most acute m pen-urban
areas-mformal settlements at the edge of citles WIth urban features but WIthOut muruclpal
servIces such as water, roads, or educatIon-where populatIons are hIghly concentrated and
samtatlon IS poor Each year over 15,000 children dIe of dIarrhea, some 60 percent of these cases
are attrIbuted to water contammation problems (SSE, 1994 ) These StatIStlCS make untreated
sewage and uncontrolled landfills unquestIOnably the most sigruficant source of envrronmental
health problems m the country

StatIStICS on other water-borne dIseases suggest that they, too, are lffiportant These mclude
typhOId, conJunctIvItIs, vrral hepatItIs, menmgItIs, and bIlharZIa StatIStICS on cholera are not
publIshed, but It has apparently also been a problem m recent years There were some 57,300
cases of these dIseases m 1994, of WhICh conJunctlvltls accounted for about 50,000 (Annuarre
Statlstlque, 1994) Excludmg cOnjunctIvItIs these are senous Illnesses that can eaSIly lead to death
If not treated StatIStICS on death rates are not available, nevertheless, thIS remforces the
lffipressIOn that water pollutIon poses sIgmficant health rIsks

The VISIbilIty of sewage problems, the use of wastewater for IrrIgatlon, and the relatlvely
slower mfIltration from landfIlls relatIve to dIsperSIOn of surface water contammatIOn, all
combme to suggest that wastewater treatlnent may be a more cruCIal problem than samtary
landfills However, It IS clear that both Issues are cruCial m addressmg the health rIsks posed by
domestIc water pollutIon

Samtary landfIlls also pose a health rIsk to those who work dIrectly on them or lIve
adjacent to them Anecdotal eVIdence suggests that there may be about 5,000 people workmg
drrectly on the landfills These people are exposed to a varIety of health rISks, some of them
mmor and some potentially serIOUS In partIcular, the natural burnmg WhICh occurs on landfIlls
releases volatIle orgamc compounds, polycyclIc aromatIc hydrocarbons, heavy metals, and other
tOXIC gases However, because they are a small group, thIS health Issue IS consIdered less
1lllpOTtant than the preVIOUS ones Slffil1arly, while some of the health rISks to those lIvmg near
the landfIlls may be serIOUS, thIS IS a faIrly small group of people, so the overall 1lllportance of
thIS problem compared to water contamInatIon IS relatIvely low

B2c EconomIC Impact

The econOIll1C costs of domestIc pollutIOn can only be approxlffiated For the most part,
domestIc pollutIon of water has not yet generated speCIfIc costs for dnnkmg water supply,
however one treatlnent plant takmg water from the Oued Sebou reqUIred speCIfIc addItIonal
mvestlnents valued at about $18 rmllIon (ONEP, 1994) As urban areas grow and populatIOn
denSItIes on the key nver basIns mcrease over the next 20 years, the mvestlnents requIred may
nse dramatIcally m the absence of mvestlnents m domestIc wastewater treatlnent

The costs of medIcal care can be approx1lllated based on the levels of dIsease Thus an
estImated $11 5 ml.1lIon m medIcal expenses and foregone mcome may be attrIbuted to water
borne dIseases other than diarrhea, a faIrly moderate economIC lffipact Drrect medIcal costs to
treat dIarrhea (whether carned by the family or the publIc sector) are estlffiated at about $35
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mIllton per year, based on the share of cases that lead to doctor VISIts or admmlstratIOn of
medIcatIOns or rehydratIon salts For those who dIe It IS assumed that they would have had lower
than average mcome and that the foregone mcome IS much hIgher than the dIrect expendItures,
estImated to be about $250 mIllIon ThIS overwhelms the other economIC costs associated WIth
water-borne dIsease, but It IS a qUIte controversial cost, and some would argue that It should be
excluded m our analySIS

DomestIc water pollutIon IS also havmg an Iffipact on the hygIene of publIc beaches, and
thus on the tounst mdustry PublIc beaches are regularly morutored for bactena counts, and
closed If they pose a health nsk, so the health Iffipacts are probably qUIte low However, only
one or two contammated beaches could have a dIsastrous npple effect on Moroccan tOUrIsm The
unportance of thIS rIsk IS eVIdenced by the fact that European tour operators take their own
measurements of water qualIty at the beaches prIor to brmgmg groups to Morocco WIth sharp
competition from other resorts around the Mediterranean, the rIsks are ObVIOUS Experts at the
Mmlstry of TOUrIsm suggest that thIS IS not currently a problem However, If mUnICIpal sewage
contmues to flow untreated mto rIvers and oceans It may be slgruflcant m the not too dIstant
future No estimates of total tOUrIst revenues are avaIlable, so quantIfymg thIS rIsk IS not
pOSSible

EconomIC costs of trash collectIOn problems and landfIlls are much lower The medIcal
expendItures and foregone mcome of those workmg dIrectly on the landfills IS estunated at less
than $250,000, whIle those of people IIvmg near them IS less than $500,000 per year Landfills
also have an Impact on the value of adjacent properties, or those subject to odors or blowmg
dust These are Iffiposslble to estunate WIthOUt detal1ed data on property characterIstIcs and
values, not least because there are no properly managed sarutary landfills m Morocco to prOVide
a baSIS for comparIson

Overall It would appear that the most Iffiportant economIC costs currently posed by
domestIc waste are related to water pollutIon As the problems grow m the future, all of the costs
wIll grow, however there IS no a pnorI reason to expect the relatIve unportance of water
pollutIon and dIrect exposure to landfIlls to change

82d Natural Ecosystem Impact

The major unpact of domestic pollutIon on bIOdIVerSIty occurs through the reduced
oxygenatIOn of downstream surface waters Although the worst case, the Sebou RIver, IS reported
to have no oxygen m It, thIS IS apparently not posmg a threat to coastal wetlands or other cntIcal
areas defIned by the Direction des Eaux et Fon~ts The nver ecosystem IS conSidered to be dead,
but there has apparently not been harm to legally protected areas As With other Iffipacts,
however thiS could become much more serIOUS WIth rapId urban growth In the future

B2e Results of the Problem ReVIew

The combIned unpacts of domestic pollUtion on health, economy, and natural ecosystems
suggest that untreated lIqUId wastes probably pose the greatest rIsks, WIth trash collection and
uncontrolled landfIlls comIng m second Smce we cannot IdentIfy the source of water-borne
Illnesses, we cannot clearly dIStInguish the Importance of sewage and solId waste However, smce
water-borne diseases unpose much greater costs than any other problem, we may conclude that
solutIOns Intended to treat urban lIqUId waste prevent landfill InfIltration and protect the dnnkmg
water supply may be most approprIate response to domestIc pollutIOn problems
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B3 Industrial PollutIOn

PRIDE

ThIS sectIOn reVIews the mformatlon avaIlable to the team on mdustnal pollutton of aIr and
water m Morocco The sectton analyzes eIllisslons aIr and water from conventtonal mdustnal
sources, as well as from arttsanal (small) sources and eIllisslons mto aIr from transportatIon
(mobIle) sources The sectton presents a summary of the major Issues related to these emISSIOns,
and assesses theIr lffipacts on human health, economIC growth, and bIOlogICal dIversIty

B3a Problem Description

IndustrIal emissions Into the air The emISSIOns from cars, buses and trucks represent a
locally lffiportant source of aIr eIllisslons Approxlffiately 1 185 mIllIon vehIcles are currently m
cIrCUlatIOn, consUIllillg 384,381 metrIC tons of gasolme and 1 92 Illl1lIon tons of dIesel fuel The
prlffiary compounds eIllitted by vehIcles mclude sulfur dIOXIde, rutrogen OXIdes, suspended
parttcles, volatIle organIc compounds, and lead In addItIon, the emISSIOns of rutrogen OXIdes and
volatIle organIc compounds combme, m the presence of sunshme, to produce ozone, also known
as "smog"

The extent of these eIllisslons does not pose a sIgruflcant enVIronmental threat natIonally
However, m speCIfIC urban areas, espeCIally Casablanca, Rabat, Marrakech and TangIers,
pollutIOn from vehIcles IS lIkely to be very hIgh because of the use of old, poorly mamtamed
vehIcles, poor traffIC management, and extensIve vehIcle congestIon durmg rush hour penods
ThIS can result m senous local human health lffipacts

Industrial fixed sources Approxlffiately 1 millIon petrol eqUIvalent tons of fuel 011 are
consumed by mdustrIaI sources annually, producmg approxlffiately 2 mIllIon tons of carbon
dIOXIde (C02), 180,000 tons of sulfur dIOXIde, 10,000 tons of dust and suspended partIcles, and
7,000 tons of rntrogen OXIdes The total emISSIOns of atmosphenc pollutants m major mdustrIal
provmces are summarIZed m the table below EmISSIOns data are broken down by mdustry sector
as follows

• Cement kilns represent one of the most lffiportant fIXed sources of emISSIOns mto the aIr
The pnmary types of pollutant are dust (caused by the mIXture of large quantItIes of
soil-based products), sulfur dIOXIde and rntrogen OXIde eIllissIOns caused by the burnmg
of fossil fuels to create heat as part of the productIon process, and the release of heavy
metals (adhered to the surface of dust partIcles)

• The two petroleum refmenes ill Morocco produce eIlliSSlons of sulfur dIOXIde, rntrogen
OXIdes, and volatIle organIc compounds (VOCs)

• The phosphate processmg faCIlItIes and Safl and El Jadlda produce 204,000 tons of
fluorme gas, and over 100,000 tons of CO2 and 80,000 tons of S02

• The electrIC generatIon facilItIes consume 1 5 mIllIon tons of fuel 011, I 2 Illl1lIon tons of
coal, and 32,000 tons of gas011

Annual EmiSSIOns from IndustrIal Sources by PrOVInce (In tons)
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Provmce CO2 S02 Particulates NOx Hydro- CO Fluorme
carbons Gas

Agadir 42,600 1,800 3,07(J 65~ 42 8(J 0

Casablanca 451,000 6,600 2,42C 1,70C lOC 16C 912

El Jadlda 31 000 84,OO(J 3C 7C 4 5 95,OO(J

Pes 19,000 80 55 29C 9 31 0

Kemtra 111,40C 2,30C 100 26(J 17 18 C

Marrakech 16,300 810 1,20(J 33C 22 41 0

Meknes 40,000 1,500 83(J 60C 40 70 0

Mohammedla 43,000 3,600 5C IOC 13 8 a

Safi 156,000 81,000 60C 60C 34 6C 110,000

Tangiers 53,lOC 22C 5C !3C 6 lC (]

Area or Artlsanal Sources No data eXIst on the extent of emIsSIOns from artIsanal
sources, such as pottenes and bakenes However, anecdotal Information suggests that these
sources could represent Important, though very locahzed sources of suspended partIcles hke
sulfur dioXide and other pollutants The pottenes appear to use automobIle tIres soaked In
gasolIne to Increase furnace temperatures, resultIng In bnef emissions of very hazardous
pollutants Bakenes are an lll1portant consumer of wood, acceleratIng deforestation

PRIDE

Industnal EmissIOns 1Oto Water The pnmary pollutants discharged Into water resources
In Morocco Include 100,000 tons of chemical oxygen demand (COD) and 58,000 tons of
biological oxygen demand (BOD), over 110 tons of heavy metals, IncludIng chrome and 3,300
tons of mtrates The prImary sources of these emissions are tannenes, ohve processIng, and
phosphate refInIng

• The tannmg Industry uses chrome to enrich the texture of products It has been
estimated that approxImately 110 tons of chrome IS dIscharged Into the Sebou River each
year from tannenes based In Fes and Meknes A slgmflcant portion of thiS total IS
dIscharged by artIsanal tannenes A large portion of these discharges are depOSIted In
local nver sedlll1ent, whIle a small portion IS carned downstream The depOSItiOn of
chrome Into the nver sedlll1ents may pose future envIronmental problems If the sedIment
IS dIsturbed by floods or development actiVItIes

• The olIve oIl processIng Industry produces an orgamc waste byproduct known as
margIne, WhICh IS composed of water, OIl and suspended particles These IndustrIes emit
some I 4 mIlhon cubiC meters of used water contammg approxunately 10,000 tons of
margIne

• Phosphate processIng discharges 6 5 mIllIon tons of suspended particles, 200 tons of
phosphorus, 110 tons of heavy metals and 3,300 tons of mtrates Into the Atlantic ocean
The phosphate processIng facIlities discharge over 1,051,410,000 CUbIC meters of water
effluent, which represents 96 percent of Industrial use of water
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• The textlle mdustry IS responsIble for approx1IIlately 6,900 tons of suspended partIcles
and 15,000 tons of BOD

• The two refmenes produce hqUld waste durmg the 011 - water separatlon process m the
form of oil by-products leakIng mto the surface water systems While httle mformation
IS available on the amount of thIS pollutIon, It IS unlikely to be a major envrronmental
problem

B3b Health Impact

Chrome The smgle most 1IIlportant 1IIlpact of mdustrIal emIssIons on health IS m the area
of heavy metal discharges mto the Sebou nver from the tannmg mdustry At present over 110
tons of chrome are deposited mto the flver at the centers of the tannmg mdustry Pes and
Meknes The ultImate fate of heavy metal depOSItion m the Sebou IS not known Undoubtedly
much of the chrome becomes deposIted m the sedIments lIDIDedmtely downstream (wlthm a few
lalometers) of the emISSion pomts A smaller portlon, perhaps between 1 percent and 10 percent,
remams m suspenSIOn dependmg on water flow charactenstics

Humans are exposed to chrome depOSIts m the Sebou through bathmg and drmlang and
other activitles In addition, reSIdents along the nver could be exposed through skm contact when
usmg water for bathmg and other actIvltles Consumption of fIsh and mvertebrates m the flver
can also lead to mdrrect exposure However, ONEP reports that chrome does not exceed World
Health Orgarnzatlon standards m drmlang water

The health Imphcatlons of chrome exposure mclude detenoratIOn m organ function,
nervous dIsorders, and lIDparrment of bone formation ThiS IS espeCially sIgmficant for chIldren
and young adults, and may result m long-term dIsabilItIes The team was unable to estlIDate the
number of people suffermg from illnesses or effects of chrome exposure

Lead Arr pollutIOn as a whole IS not a major problem m most areas However, the data
mdicates that reSIdents hvmg near areas of hIgh traffIC congestIon m major urban areas are likely
to be exposed to very high levels of lead and other pollutants ThIS exposure has Important
ramIfIcatIOns for children who are partIcularly vulnerable to lead's tOXIC effects HIgh levels of
lead m the blood are assOCIated WIth retardatIOn, neurologIcal problems, reproductIve effects,
hypertensIOn, learnmg disabIhtIes, and bram and kIdney damage

Other gaseous aIr pollutants Apart from lead, reSIdents m hIgh traffic congestIOn areas
are also exposed to hIgh levels of NOx, ozone, polycychc aromatlc hydrocarbons (PAHs), and
volatIle orgamc compounds (VOCs) These pollutants can produce eye, nose and throat rrntatlon
central nervous system depresslOn, hver and kIdney damage, headaches, dlZzmess, angma
pulmonary edema, and cancer As WIth lead, these effects are partIcularly acute m chIldren and
young adults WhIle long-term damage can often be reversed when exposure rates declme, some
dIseases wIll perSIst, espeCIally after chromc long-term exposure

Dust Exposure to dust from cement plants Impacts human health m two ways Chromc
InhalatIOn of dust can lIDparr resprratory functIon, and accelerate the development and seventy of
resprratory dIseases such as asthma AddItIonally, dust particles often contam mmute quantItIeS of
heavy metals adhered to the surface When mhaled, these heavy metals are absorbed m the lung
alveoh, leadmg to contaIDlnat1on of the bloodstream
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Orgamc dIscharges mto rIvers Large discharges of orgarnc matter reduces oxygen levels,
leadIng to a declIne In plant and arumal specIes In the nver ThIs declIne results In a lowerIng of
the nver system's ablhty to be self-cleanIng As a result, water-borne diseases such as diarrhea,
typhOId, cholera, cOnjUnctivitis, menmgltls and hepatitiS, become much more prevalent

B3c EconomIc Impact

The economic Impacts of pollUtion mclude loss of economic resources such as fishIng
grounds, potential exclUSIOn from export markets, dechnes m worker productiVity from
environmental diseases and Illness, Increased costs of medical treatment, Increases m tIme and
resources expended m obtainIng non-polluted water, and mcreases m costs of mamtenance of
bUlldmgs and cultural and hlstonc sites

Loss of economic resources The emISSIons of wastewater from the phosphate processmg
faCIhtles at Safl and EI Jadida have occurred at the same time as a rapId declme m sardme
populatIons m the areas adjacent to the outflows, and a correspondmg mcrease m sardIne catches
further south along the AtlantiC coast Overall trends In sardme catches nationWide have not
changed, though they are always characterIZed by WIde fluctuations m yIelds from year to year
ThIS has unposed transactIons costs on fIshermen and cannenes, as Tan-Tan has replaced Safl as
a major sardIne port Whether thiS Will be a senous problem In the future depends on whether, In
fact, the shift IS due to the phosphate plants Experts m the area do not agree, and further
research IS now underway which may clarify the Issue soon In any case, mdustrIal pollutIon IS
certaInly a potential threat In the flshmg mdustry

EconomIc loss from restrictIons m market access A greater long-term economic rIsk to
the emISSIons from the phosphate processmg IS the mcreased restrIctions m market access,
espeCially the European Commuruty At present, Morocco exports about 29 percent of total
phosphate production to the European Commuruty, With Spam representmg the SIngle most
unportant export country (see below) The value of these exports IS approxunately $59 8 mIlhon
The second largest export country IS the Uruted States With almost 20 percent of total production
valued at $37 5 mI1hon
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Exports of Phosphate by Country of DestmatlOn (metnc tons)
(Data for 1 January - 30 September 1994)

Country of Destmatlon Exports (tons) Percent of Total
Jan - Sept 94 Production

European Commumty 2,040,000 294

Umted States 1,373,522 198

MeXICO 749,855 108

Poland 436,823 63

UEBL 391,310 56

IndoneSIa 346,742 50

Indm 297,584 43

South Korea 205,304 30

CroatIa 178,620 26

Source Revue d'InformatlOn BMCE, February 1995

PRIDE

The European Commumty nnposes strIct standards on productIOn and product standards for
all goods sold m the Commumty countrIes As part of these standards, the envrronmentallll1pacts
of the products and processes are consIdered, and products WhICh do not meet these
envrronmental standards will ultllllately be banned, even If produced outsIde the European
Commumty Thus, the hIgh levels of pollutIOn from the phosphate processmg facIhty could result
m the restrIctIOn, or ultlll1ate prohIbItIon, of exports to the European Commumty

ProductIvIty losses The loss m worker productIVIty IS hkely to be espeCially acute m
artlsanal factones, such as tannenes, where workers are exposed to very hIgh levels of tOXIC
substances WIth httle or no protectIve eqUIpment or practIces ProductIVIty losses would mclude
an mcrease m absenteeIsm due to medIcal problems and reduced prodUCtIVIty while at work
These prodUCtIVIty losses are not hkely to be reahzed m natlonal accounts, because of the
Informal nature of thIS type of employment AddItIOnal losses m productIVIty could also be
pronounced for those workers hvmg ImmedIately downstream or downwmd of major pomt
sources

Based on the health lll1pacts of mdustrial and mobile source pollutIon, It IS pOSSIble to make
some general estlll1ates of the pOSSIble prOdUCtiVIty losses due to pollutIOn For chIldhood
exposure to lead m automobile emISSIOns, foregone earnmgs are estlll1ated at about $400,000, a
modest amount Tills IS expected to go up m the future as both the number of cars and urban
populatlon densitles mcrease For other sources of arr pollutIOn, It IS not pOSSIble to dIstmgUIsh
by source However based on the SIZe of the population exposed to arr pollutIon and the types of
dIsease WhICh can result, foregone earmngs are estlll1ated at about $2 milhon per year, also a
farrly moderate sum m the context of other envrronmental pollutIOn costs
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Increased medical costs For mdividuais exposed to hIgh or chromc levels of mdustnal
pollutants, resultIng medIcal problems WIll ralse the costs of medIcal treatments Based on the
same estImates of exposure as above, medIcal costs for general exposure to arr pollution are
estImated at about $2 3 mIllIon dollars per year

Increased costs of c1eanmg and mamtenance Sulfur dIoxide, mtrogen OXIdes, ozone and
other air pollutants accelerate the decay of the exposed surfaces of bUIldIngs and hlstonc Sites,
Increasmg maIntenance costs and possIbly permanently damagmg pnceless cultural SItes and
artifacts The mcrease In mamtenance costs extends to houses, bUIldIngs, and other property
where the costs Include more frequent paIntIng and repaIr and replacement of extenor walls and
wall coverIngs Based on an estunate of an mcreased cost of $5 per year per urban household,
thiS totals almost $9 mIllIon per year ThIS IS an extremely rough estImate however Permanent
damage to cultural and hIStOrIC SIteS unposes mcalculable losses beyond mere replacement costs

B3d Impact on Natural Ecosystems

The two most unportant unpacts of mdustrlal pollutlOn on bIologIcal dIversIty are the
emISSIons of heavy metals and orgamc matter mto nvers and the dIscharges of phosphate
processmg faCIlItIes mto the AtlantIc Ocean

Discharges mto fivers Industrial dIscharges mto nvers, especially the Sebou, have
sIgmflcantly reduced the level of biological diverSity downstream ThiS IS espeCially Important m
the case of fish and Invertebrate speCies, and some plant species The Sebou RIver IS largely
deVOId of many speCIes found In abundance downstream In Fes and Meknes If not remedIed
these unpacts may be carned out to the wetlands and coastal zones, although they are not
currently affectIng legally protected areas

Phosphate processmg discharges mto the AtlantiC As noted above, the development of
two major phosphate processmg faCIlItIes at EI Jadida and Safl has paralleled a rapId declIne In
sardIne populations In certam areas of Morocco's coastlIne Anecdotal data suggest that smce the
construction of the phosphate processIng faCIlItIes the sardme population has shIfted south Expert
OpInIOn IS diVIded as to whether thIS shIft IS due to pollutIon, over-fIshmg, or natural changes m
the enVIronment (such as changes In ocean currents or movement of phytoplankton) WhIle
sardInes themselves are not an endangered speCIes, there IS some concern that they may be an
"mdicator speCIes" whose declIne may mdicate senous problems for a WIde varIety of manne lIfe
not bemg momtored

B3e Results of the Problem ReVIew

IndustrIal and automotive emISSIons problems of prunary unportance are

• EmisslOns mto the water of chrome from tannenes
• Orgamc dIscharges from the olIve processmg
• EmISSIons of suspended particles and heavy metals from phosphate processmg
• EmISSIons of lead from mobIle source emissIons

A review of expert opimon In Morocco supports the InclUSIOn of the fIrst two Issues, but IS
slgmficantly dIVIded over the unportance of the thIrd Issue of phosphate processmg As noted
earlIer, data are InCOnclUSIve as to the cause (whether natural or the result of pollution) of the
movement of the sardIne populatIon south of Safi and EI JadIda, and whether thiS movement IS a
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reflectIon of overall nnpact on the oceamc enVIronment of phosphate wastewater dIscharges A
study carned out by the SCIentIfIC InstItute of Marme FIshenes does show levels of P04,

cadmmm, and other phosphate waste products to be 3 to 10 tnnes hIgher near the dIscharge
pomts than elsewhere along the coast (EvaLuatlOn de La SaLubrzte du LlttoraL Medzterraneen et
AtLantzque Nord (Saldza-Safi) durant La perlOde 1992-1994, InstItut SCIentIfique des Peches
Marltnnes, 1994) The InstItute IS currently carrymg out a more detal1ed study to assess the
nnpact of phosphate dIscharges on the marme ecosystem

As dIscussed earher lead exposure from mobIle source eIDlssIons, while pOSSIbly senous
for a few urban areas, does not appear to be a major problem natIonally Problems of secondary
nnportance are

• Mobl1e source eIDlssIons of sulfur dIOXIde, rntrogen oXIdes, suspended partIculates
• AIr emISSIOns from mdustrIal fIXed sources
• AIr emISSIOns from area or artIsanal sources

The results conform to generally held opmIOn wIthm the envIronmental commurnty,
although the lack of data restrIcts further analySIS An aIr quahty morntormg program would help
IdentIfy the relatIve Importance of these sources to Moroccan aIr quahty problems

B4 ACCidental PollutIOn

B4a Problem DeSCription

ACCIdental pollutIon of surface water constItutes a danger that mcreasmgly threatens water
resources The most dangerous aCCIdents recorded between 1981 and 1988 mvolve spIlls from
tanker trucks transportmg hazardous matenals Other aCCIdents threatenmg water supply mclude

• PIpe breaks WhICh lead to contaIDlnatIon of drmkmg water by sewage
• ACCIdental pestICIde spl1ls mto water bodIes upstream from drmkmg water mtakes
• ContaIDlnatIon of reserVOIrS WIth hydrocarbons
• Ground water contaIDlnatIon from gas statIOns

The nsk of aCCIdent IS partIcularly great because major roads frequently run along water
courses Moreover, the resources aval1able to the CIvIl ProtectIOn to proVIde emergency drmkmg
water supphes m case of aCCIdent are very restrIcted In addItIOn to mterruptmg the drmkmg
water supply, such aCCIdents can cause major harm to flora and fauna m the water

For example, at a bndge over the Oued Beht a senous hydrocarbon spIll occurred m 1988
followmg a traffIC aCCIdent The water of the El Kansera Dam and the entrre water supply to the
Khermsset and Tiflet were threatened WIth major contammatIon RapId control measures
prevented the worst The Sebou basm faces Important nsks of aCCIdental pollutIon on the length
of ItS nvers and around the reserVOIrS of EI Kansers, Idnss 1er, and Alt Youb RISks are also
hIgh where hydrocarbons, mdustrtal chemIcals, and agrochelTIlcals are stored These nsks call for
development of preventIOn measures to mmnmze the chance of an aCCIdent dIsruptmg water
supply
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B4c Impact on Health

PRIDE

ACCIdents are the source of water pollution most feared by those responsIble for provldmg
clean safe drmkmg water Such pollution IS not always detected, and can have grave health
effects, mcludmg tOXIC contammatlon and water-borne dIseases So far, accIdents do not appear
to have senously threatened health, however as the drmkmg water supply network IS more
heavIly used m the future, the consequences of accIdents lIke those of the past few years will
mcrease, because ONEP's abIlIty to respond qUIckly WIll decrease

B4c Impact On the Economy

The economIC Impacts of accIdental pollutIon are attrIbutable mamly to the treatment of
polluted water (both surface and ground water) and to replacement of polluted wastes Although
the avaIlable data are InsuffICIent to esttrnate the costs of these problems ill the past, probably no
one accIdent so far would lead to damage greater than $1 mIllIon The potentml nsk, of course,
IS much hIgher, especIally as populatIon growth makes It harder for ONEP to respond qUIckly to
aCCIdents

B4d Impact on Natural Ecosystems

The Iffipacts of aCCIdents on natural ecosystems occur through destructIon of water-based
fauna and flora by tOXIC chemIcals These may be a problem m nvenne ecosystems, but not m
legally protected areas However If such aCCIdents occurred m the future near senSItIve coastal
wetlands, they could have serIOUS Impacts on mIgratory bIrds or other crItIcal speCIes

B4e Results of the Problem ReView

ThIS analysIs suggests that aCCIdental pollutIon could cause serIOUS health, economIC or
biOdIverSity problems m the future, although It has not done so yet AvaIlable data do not permIt
us to dlstmgUIsh among dIfferent types of aCCIdents to speCIfy the nsk posed by each We can
only conclude, therefore, that measures to detect pollutIon and mtervene rapIdly are needed to
mInImIZe the rIsk to the publIc dnnkmg water supply posed by aCCIdents

BS Agriculture and Land Use

BSa Problem DeSCriptIon

Clunate Morocco has a Medlterannean clImate that IS characterIzed by mIld wmters, hot
summers, relatIve arIdIty, and effICIent wmter ramfall If Morocco's ramfall came m the hot
summer months rather than the cool wmter months, the country would be a parched desert
Because the ramfall IS usually gentle and temperatures are cool durmg the wmter, a cereal crop
can be produced m the wmter WIth one-thIrd the mOIsture reqUIred to grow the same crop usmg
IrngatIOn dunng the summer

The mcentlves for usmg all avaIlable water resources are hIgh m a MedIterranean clImate
It IS the most responSIve clImate for Irngated agrIculture and It IS a deSIrable clImate for human
habItatIOn Consequently, developmg and protectmg water IS the top prIonty of the Moroccan
government In Morocco the problems of cllffiate, soIl, water, agnculture and land use are
closely related
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Land Five categones of land were considered for thiS report

• Water eroded land
• Irngated land
• Wmd eroded land mcludmg dune encroachment
• Scemc land
• Urban proxlIDlty land

PRIDE

The mtenslty and extent of envIronmental nsk IS much greater m the fIrst three categones,
whIch thiS section Will focus on Water erosIOn of SOIl IS the most Important enVIronmental
problem m the mountaIns Soil sal1ll1ty and the pollution of water resources With mtrates and
pesticides are the most senous envIronmental problem on the Irngated plams Dune encroachment
IS the most senous envIronmental problem m and regIOns

The concept of land mcludes all of the phYSical, econOIDlC and SOCial factors which affect
the ability of a gIVen area to respond to given mterventlOns At the Implementation level,
enVIronmental controls are most often orgaruzed and applIed on the baSIS of land (I e , water
qualIty control boards, aIr qualIty control boards, and scemc land COIDIDlSSIOns) A lack of
understandmg of thiS fundamental prmclple among government agencies and donors IS a senous
problem m Morocco EnVIronmental laws and regulations regardmg water and aIr should not be
made on the baSIS of land, they should be applIed on the baSIS of land

The baSIC land urnt for enVIronmental work m Morocco IS the catchment basm A
catchment basm IS named after the most Important nver which draIns It and refers to all land
which draIns mto the nver from Its source m the mountams to the pomt where It drams mto the
ocean There are SIX maJor, well-defmed catchment basms m Morocco the Moulouya, the
Loukkos, the Sebou, the Oum Er Rbla, the Tenslf, and the Souss

In a given catchment basm water resource management (mcludmg watershed protection and
aqUIfer protectIOn) and water qualIty control (mcludmg agncultural, mumclpal and mdustrlal
effluent) Ideally should be mtegrated and adIDImstered across the entIre catchment basm from the
mountams to the ocean thiS IS not currently done m Morocco (nor for that matter m most
regions of the world) Rather, the responsibilities are diffused across a vanety of natIOnal,
regIOnal, and mumclpal orgaruzatlOns that generally do not formally coordmate theIr efforts

Water erosIOn of soIl IS a function of clImate, soIl, slope and farmmg practice Because
Morocco has a warm, dry clImate, Its soIls are low m orgaruc matter and fragIle They lose theIr
abilIty to absorb water qUIckly Because of the mOIsture constramt, farmers plant crops at Wide
distances and keep fields free of weeds The result on slopes IS rapid surface runoff and senous
soIl erosIOn The problems of soIl erosion by water IS Widespread m Morocco but the Rlf and the
southern Atlas MountaIns, espeCially the Rlf, are where thiS problem IS the most common and
senous

On bare ground With a slope of seven percent, average soIl loss would be about 89 tons per
hectare per year With 39 percent of ramfall lost as runoff These soIl losses correspond With
measured soIl losses m the Rlf There are no measurements from the Rlf for ramfall lost as
runoff but presumably they would also be slID11ar to the 39 percent figure given above The
sIltation of reserVOIrS and the loss of agncultural land are the major and obvIOUS results of soIl
erosIOn by water However, there are also some more subtle relationships between land, water,
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human welfare and bIOdIversIty WhICh are present on wIld rIvers or on streams above dams m
Morocco and whIch have serIOUS ImplIcatIons for the entIre country

RapId runoff IS erosIve ThIS runoff destroys land by removmg soli and destroymg aquatIc
habItat, by deposItmg SOlI m streams The value of a good watershed IS that It holds the water
and releases It slowly These deSIrable charactenstlcs are a functIon of good vegetatIve cover and
of good SOlI structure RapId runoff occurs when a watershed IS not properly mamtamed The
rate of water release from a watershed determmes such crucIal factors as base flow, floodmg,
dtlutIon flow, mamtenance flow and aqUIfer recharge

One effect of a good watershed IS that fluctuatIons m stream flow are not extreme "Base
flow" refers to the characterIstIc mmunum flow of a stream On a poorly mamtamed watershed
the mmImum flow of a stream IS reduced At the extreme, pereIll1lal streams become seasonal
streams that dry up durmg the summer and cause floodmg durmg the wmter

The concentratIon of pollutants m a stream IS a functIon of how much water there IS m a
stream as well as how much pollutants are dIscharged mto the stream The flow reqUIred to
mamtam water qualIty m a stream IS the "dllutIon flow" Whenever the base flow of a stream
becomes less than the dllution flow of a stream the result IS serIOUS perenmal water pollutIOn
problems

The flow reqUIred to mamtam the aquatIc habItat IS referred to as the "mamtenance flow"
When the base flow falls below the mamtenance flow, the aquatIc habItat IS damaged or
destroyed

MOIsture whIch IS retamed m a good watershed IS not just released m a more umform
fashIOn mto surface streams It IS also released as recharge water mto aqUIfers In aqUIfers where
pollUtion IS a problem, a reductIon m recharge water means an mcrease m the concentratIon of
pollutants m the aqUIfer In the and regIOns of Morocco, dry years are IdentIfIed WIth dIsease
problems resultmg from the use of water from polluted wells

The envIronmental rIsk generated by IrrIgation and the mtensive agrIculture WhICh
accompames UrIgation IS SImIlar m magmtude but dIfferent m character from the envIronmental
nsk unposed by water eroSIon of soIl For Irngated land, the major rIsk IS pollutIon of water by
chemIcals Another envIronmental nsk assocIated WIth Irngation IS salImzation of SOlI These
problems are WIdespread and senous but relative to the resource base, they are often reverSIble
Except where they Impact human health, the envIronmental nsks aSSOCiated WIth Irngated land
are chromc rather than acute

On Irngated penmeters, It IS common to see chemIcals bemg mIxed trnmedlately adjacent
to and above canals These chemIcals are lower than the surroundmg terram and chemICal
contamers bemg washed m canals and next to wells Many of these chemIcals should, at a
mmImum, be tracked and some should be applIed only by quahfied personnel The need for
trammg pest control applIcators, regulatIOns governmg the use of pestICIdes and SenSItIzmg the
general populatIon to the dangers of tOXIC chemIcals IS not bemg met In addttton, Moroccan fruit
and vegetable exporters WIll be reqUIred to meet more rIgorous pestICIde reSIdue standards for
theIr produce from theIr prImary export market, the European Umon

Wmd erOSIOn IS usually extensIve and margmal m Its Impact It IS also very dIfficult to
control Consequently, wmd erostOn would not usually be expected to quahfy as an unportant
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problem However, m Morocco wmd erosIOn mcludes the problem of dune encroachment In the
context of thIS report, dune encroachment cannot compete WIth water eroded land or WIth
Irngated land as a senous problem for Morocco However, dune encroachment can be a very
senous localIzed problem and, when funds are available, Moroccans know how to control dune
encroachment Consequently, It IS mcluded m thIs report

BSb Health Impact

The major health problems mc1ude

• Among rural populatIons, the envIronmental problems posed by eroded and degraded
lands are hkely to have an nnpact on health through the concentratIon of already-present
water pollutants

• IntensIve, Irngated agnculture often pollutes surface and ground water WIth plant
nutrIents, prnnarily rntrates, and pestICIdes Some mstances of anemIa among chIldren
seekmg treatment at the Bern Mellal hOSpItal have been thought to be a result of rntrates
and pestICIdes m drmkmg water on the Tadla Irngated pernneter

• AccumulatIOns of salt m the sou result m accumulatIons of salt m the surface and
ground water HypertensIOn IS a human health problem WhICh IS known to result from
the use of hIgh sal1ll1ty water for drmkmg

• PestICIde apphcators do not wear protectIve clothmg and are not tramed m the JUdICIOUS
use of chemIcals or m mtegrated pest control Thus the tOXIC chemIcals WhICh are
apphed pose a nsk both to themselves and the general populatIon

BSc EconomIC Impact

• About 22,000 hectares are lost to water eroSIOn of soIl each year The present value of
the lost prodUCtIVIty would be about $50 mIllIon (For assumptIOns and calculations used
to arnve at values for econOmIC Impacts see Annex B )

• SIltatIon destroys enough reserVOIr capaCIty each year to hold suffICIent water to IrrIgate
about 5,000 ha The present value of thIS loss IS about $90 milhon

BSd Natural Ecosystem Impact

• The cumulatIve effect of land loss and populatIon pressure IS that 80,000 hectares of
new land are brought under cultIvatIon every year m Morocco In most cases thIS WIll
be WIldlIfe habItat WhICh IS of margmal value for agnculture

• The loss of land and wl1dhfe habItat as a result of water eroSIOn of SOli IS usually
IrreverSIble

• AquatIC habItat IS damaged or IrreverSIbly destroyed by reductIon of base flow, floodmg
and SIltatIon of streams
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B5e Results of the Problem Review

ThIS analysIs shows that the major agrIculture and land use problems are

• Water erOSIon of soIl
• Water pollutIon resultmg from mtenslve productIOn practIces on Irngated land
• The lack of standards and regulatIons for people who apply hIghly tOXIC pestIcIdes
• Wmd eroded SOlI, dune encroachment

B6 Ecosystem-Dependent ActiVities

B6a Problem Description

B6a(1). Key Ecosystems

PRIDE

Morocco's natural enVIronment may be diVIded mto several discrete areas, provldmg
dIfferent serVIces to WIldlIfe and humans The forest resources, WhICh represent some 4 4 mIllIon
hectares, or 6 I percent of the country, provIde an Important ecological functIOn They reduce
water and WInd erOSIOn, mcrease soIl fertilIty and provIde habItat for wIldlIfe Of partIcular
Importance to Morocco IS the fact that forest cover facIlItates the mfIltratlon of water mto the soli
and ground water system Forests are also a major source of energy for rural dwellers, estImated
to represent some 40 percent of total energy productIon In the country In addItIOn, they prOVIde
habItat to a number of endangered specIes, mcludIng barbary sheep, barbary macaque, and
leopards Some 7,000 hectares are In protected forest areas

Morocco's forests are threatened by a number of different human actIVItIes, mcludmg
agrIcultural expansion on to margmal lands, fuelwood use, and overgrazmg In addItIOn, eXIstmg
land use laws are not always enforced In partIcular, 20 percent of the country's forest areas are
reqUIred by law to be closed to grazmg at anyone tIme, but thIS law IS not always enforced The
resultmg deforestatIon IS estImated by one source at 31,000 hectares per year, of WhICh 22,000 IS
attrIbuted to deforestatIon, 6,000 to agrIcultural expanSIOn, and the remamder to forest fIres
(SSE, 1994) Destruction of forest resources has sIgmflcant negatIve effects, through mcreased
soIl eroSIOn and consequent dam sIltatIOn and decreases m water retentIon on margmal
agrIcultural land, as dIscussed The Department of Water and Forests IS begmnmg to make
progress m the management of Morocco's protected areas However, there are a number of
Important problems, mcludmg the lack of a national conservatIon strategy, uncoordmated rural
development planmng, and lack of commumty partICIpatIon m land use declslOnmakmg

Morocco mamtalns approxImately 108 mdlgenous mammals, of WhICh nme are
mternatIonally endangered wIldlIfe speCIes cheetah, Cuvler's gazelle, Mhorr gazelle, Moroccan
gazelle, RIO de Oro Dama gazelle, Barbary hyena, Monk seal, leopard, and Barbary macaque
(U S FISh and WIldhfe ServIce, 1980) Morocco also mamtams two natIonally endangered
WIldlIfe speCIes Barbary sheep and Dorcas gazelle Morocco also mamtams Important bIrd,
marIne and plant speCIes For example, there are an estImated 4,200 plant speCIes of WhICh 800
are found only In Morocco

Range resources COnstItute a second major ecosystem provldmg serVIces to humans and
other speCIes The country has about 26 mIllIon hectares of range land, 3 1 mIllIon of Alfa
grasslands and the remamder other rangelands outsIde of the forests Rangeland represents some
35 8 percent of the country's land area Range land supports a number of endangered speCIes

111-22



SectIon 11/ Problem RevIew PRIDE

LIvestock populatIOns are presently beyond the carrymg capacIty of land m many areas of
the country The overstockIng of hvestock has reduced forage productIon, contrIbuted to
deforestatIon and mcreased soil erosIOn ThIs overstockIng IS partly due to strategIes to reduce
the IDlpacts of drought Herders are buIldmg up the SIZe of theIr herds durmg years of suffiCIent
ramfall In addItIOn, agropastorahsts are convertmg rangelands to the productIon of cereal crops
on margmal lands to proVIde forage for theIr anIDlals Through the converSIOn of rangeland to
cereal crops, natural rangeland IS contmually reduced, further contnbutmg to over-grazmg and
degradatIOn of the remammg resources

Coastal and wetland areas constItute a thIrd sIgmficant ecosystem m Morocco Coastal
areas currently support an endangered speCIes, the Monk seal Coastal wetlands proVIde feedmg
and breedmg grounds for mIgratory bIrds from Europe and further north The drammg of coastal
wetlands for Irngated agnculture has apparently already reduced the number of coastal bIrd
speCIes consIderably (USAID, 1980) The MerJa Zerga wetland reserve on the coast of northern
Morocco IS threatened by village expansIon and rural development actIVItIes (e g , road
expansIOn, tourIsm development) There have also been cases of people purnpmg water from
protected wetlands Illegally for IrngatIOn

Although experts report that at present protected coastal wetlands are not threatened by
pollutIon, these sensItIve areas may eventually be at nsk from mdustnalIZatIOn, rapId
urbanIZatIon, and use of agrochemIcals More than 90 percent of all chemIcals, refuse and other
matena1s entermg coastal waters remam there as sedIDlents m wetlands, reefs, and other coastal
ecosystems (Shumway, 1993) PestICIdes, msecticides and fertilIZer (mtrate pollutants) are
IDlportant sources of pollutIon from the agnculture sector PestICIdes can become mcreasmgly
concentrated and tOXIC m fish and other speCIes WhIch are relatIvely hIgh on the food cham
NItrates from fertilIZer mcreases nutrIents m water systems and can result m eutrophIcatIon and
algal blooms The exceSSIve ennchment of water resources can reduce the productIVIty of
fishenes, pollute dnnkmg water and reduce bIOdIversIty

PotentIal mdustrtal threats to coastal and marme resources mclude heavy metals and other
chemIcal effluents from sugar refmenes, tannenes, wood pulp plants and 011 refmenes In
addItIon, plastIC and other debns (e g , fragments of fIshmg nets) entangle and kill a vanety of
marme anIDlals Untreated urban mumcipal sewage also contrIbutes to coastal and marme
pollutIon Like agncultural pollutIOn, mumcipal pollutIOn mcreases eutrophIcatIon of water
resources Water pollutIon by tOXIC orgamc compounds and metals or by nutrIent loadmg from
sewage or agncultural runoff can cause bIOlogIcal stress on aquatIc ecosystems

B6a(2) Ecosystem-dependent Econonnc ActIVity Fisheries and TourIsm

Morocco has the largest fishenes mdustry m AfrIca and has some of the nchest fIshmg
areas m the world The mdustry ranks thIrd m the country's export earnmgs after phosphate and
CItruS products ApproxIDlately 80,000 people are employed m the mdustry-35,000 dIrectly and
45,000 m the assocIated support mdustries (e g , constructIOn, boat mamtenance, fish
processmg) (USAID, 1988)

It IS not known to what extent pollutIon IS havmg a negatIve IDlpact on Morocco's ocean
fISh resources, although thIS IS a matter of consIderable dIScussIon Experts on the matter from
the government's Institut Supeneur de la Peche MarItIme (lSPM) are qUIte confIdent that neIther
household waste nor mdustrtal pollutIOn IS harmmg the country's fIshmg mdustry, although they
also feel that the available InformatIon IS not adequate to prove thIS deflilltIvely Although they
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acknowledge that tlllS could be a problem m the future, they are more concerned about the
possIble effect of 011 spIlls than about pollunon PossIble bIOlogIcal contammanon of fISh IS very
closely momtored, as reqUIred for export to European Commumty markets Accordmg the ISPM
experts thIS IS not showmg eVIdence of any Impacts of domestIc pollutIOn on fish stocks I

They do pomt out, though, that It IS no longer pOSSIble to fISh m the munedmte VICImty of
major CItIes lIke Casablanca, trawlers near that CIty brought up only plastIc bottles, cans, and old
tIres PollutIon of the rIver mouths has also led to the degradatIon of trout fISherIes and the
disappearance of eels, WhICh are much prIZed m Europe The constructIon of dams IS also
causmg senous problems m the flshmg mdustry, preventmg the natural mIgratIon of shad fISh up
rIvers to breedmg sItes Formally common m most nvers m Morocco, the shad fISh IS a
threatened speCIes (USAID, 1988)

TOUrIsm IS also an Important mdustry m Morocco For example, there were 1,471,000
foreIgn vISItors to Morocco m 1986 (EconomIC IntellIgence Umt, 1988-89 ) Most of these
VISItOrS are drawn by the country's beaches and cultural resources However a number also
engage In huntmg or VISIt the few natural parks WhICh have tounst mfrastructure, such as Mt
Toubkal, WhICh receIved some 16,000 VISItors m 1993 Tounsm could affect the resource base
through the land use and pollutIon Impacts of hotel complexes on the beach, and through the
actIVIties of hunters Of more concern to the MInIstry of Tounsm, however, IS the lffipact of the
domestIc pollutIon on the attractIveness of Morocco as a tOUrIst destInatIon ThIS has already been
discussed above m the sectIOn on economIC lffipacts of domestIc pollutIon

Improvement of the natural resource base could be a potential source of Increased tounst
revenue Morocco has the potentIal more fully to develop the rural tOUrIsm sector, thIS IS an area
of hIgh pnonty to the MImstry of TOUrIsm However, the government has yet to develop a
natIonal tounsm plan for the country One problem appears to be that the Mimstry of Tounsm
and MInIStry of Agnculture do not work together The government needs to develop a
coordmated approach If It IS to more fully develop tounsm actIVIties Into natural areas

B6b Health Impact

Resource-based economIC actIVItIes have dIrect lffipacts on human health A large
percentage of Morocco's rural populatIon IS dIrectly dependent on the resource base for
fuelwood, agnculture, water, game meat and other resources Any changes m these resources
can have negatIve lffipacts on human health For example, the absence of potable water resources
can mcrease the InCIdence of dIsease Fuelwood IS also the prImary source of energy for rural
commumtIes A reductIon or Increase In the prIce of fuelwood may reduce the amount of famIly
Income avaIlable for food Many rural commumtIes also obtam theIr medICIne from forest and
range resources

B6c Economic Impact

The potentIal economIC Impacts assocIated WIth natural resource UtIlIzatIon may come from
a number of sources

I A 1994 scare about consumptIOn of AtlantIC shellfish was due to an aCCidental discharge of tOXIC chemICals from
a boat, not to mdustrIal pollutlon
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• DegradatIOn of non-tlmber uses of wood whIch are compatIble WIth sustamable
management of the forest for fuelwood, these mclude cork oak, medIcmal plants,
mdigenous agrIcultural crop speCIes

PRIDE

• Reduced avaIlabIlIty of lIvestock grazmg lands due to agrIcultural encroachment
Assummg that agrIculture IS more profItable than lIvestock, thIS IS not a net economIc
loss, though It does place a burden on herders

• The loss of long-run wood fuel energy resources due to unsustamable practIces ThIS
can be quantIfIed, the asset value of the 22,000 hectares lost each year to fuelwood
cuttmg IS estImated at about $25 mIllIon, based on the present value of the mcome
stream from sustamable management of the resource as a source of energy

• The loss of constructIon wood resources Trees WhICh can be used for constructIon are
probably more valuable m that use than as fuelwood, so the valuatIon of the lost 22,000
hectares based on Its value as an energy source IS certamly an underestlmate

• Contmued mIsmanagement and overstockmg of Morocco's rangeland has apparently
reduced forage productIon In additlon to overstockmg, the mcrease of cereal cultIvatIon
and uprootmg of woody speCIes for fuel have contrIbuted to the deterIOratIon
ApproXImately 100,000 hectares of range annually are bemg rendered useless by
overgrazmg m North AfrIca For example, deterIOratIon of alfa grasslands IS estImated
at 10,000 hectares per year m Morocco (USAID, 1980)

• Loss of mcome from trophy huntmg A sIgmficant portIon of thIS revenue stays m the
local commumtles, WhICh WIll be partIcularly hard hIt by ecosystem degradatIOn In
addItIon, although resource-based tOUrIsm (other than beaches) IS stI1llImIted, protectIon
of the resource base, complemented WIth modest mvestments m thIS sector, may lead to
sIgmficant mcreases m mcome for the country

• A number of econOIll1C costs due to lmkages between natural ecosystems and other
sectors have already been dIscussed above These mclude the loss of mcome,
agrIcultural productIOn, potable water resultmg from poor watershed protectIon m the
dISCUSSIon on eroSIOn The potentIally serIOUS Impacts of domestIC pollutIon on tOUrIsm
are conSIdered m the sectIon on domestIc pollutIon SlIll1larly, the potential Impacts of
pollutIon on fISherIes are consIdered m the mdustrIaI water pollutIon sectIon

The avaIlable data place a lower bound on the economIC costs of unsustamable use of
natural vegetatIon at $25 mIllIon per year, WhICh IS moderate compared to economIC costs of
other envIronmental problems

B6d Natural Ecosystem Impact

BIodIverSIty resources m Morocco are under severe pressure as human populatIon mcreases
and formerly sustamable land management practIces change A number of economIC actIVItIes are
placmg pressure on wIldltfe habItat, mcludmg agrIcultural expansIon onto forest and rangelands at
the rate of some 80,000 hectares a year, and forest destructIon for fuelwood use at a rate of
22,000 hectares a year ThIS IS placmg severe pressure on Important plant and wIldltfe habItats,
mcludmg many threatened and endangered speCIes
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TourIsm actiVIties m the forests, particularly trophy huntmg, do not yet appear to be havmg
a severe trnpact on bIodiverSity resources The sport IS profeSSIOnally lIcensed and managed
through the Department of Water and Forests Further, trophy huntIng IS provIdmg a source of
employment and other sources of revenue to rural commurutles

Construction assOCIated With poorly planned urban sprawl and rural development IS havmg
the greatest current trnpact on coastal and wetland resources Wetlands aSSOCIated With coastal
shorehnes and rIver floodplains ment speCial attentIon In every case where these wetlands have
been studIed, It has been demonstrated that they play cntIcal roles m habItat and water quahty
Moreover, those whIch mamtam mIgratory birds are of partIcular unportance m Morocco
Blrdhfe IS affected by the pollutIon which results from the mtnflcatlon of water and consequent
alteratIon of habitat Polluted areas may also eventually become unattractIve to the migratory
birds

PollutIon IS not yet a problem that affects legally deSIgnated protected areas However, thiS
may become a problem m the future Avatlable eVIdence suggests that pollutIon IS not yet havmg
an trnpact on the ocean ecosystem

C Results of the Problem ReVIew

The problem reVIew suggests that forest actiVItIes themselves are havmg a sigruficant
Impact on the economy and on the biodIverSIty value of Important forest ecosystems Agncultural
expansIOn IS also havmg an trnpact on both forest and range ecosystems, although whether these
occur preCIsely m the areas where endangered speCIes may be found IS not clear Other resource
dependent actIVltles-fiShenes and tounsm-do not appear to have sigruficant negative economIC
or bIOdIverSIty Impacts Both mdustrIaI and domestic pollution may have trnportant Impacts m the
future on coastal wetlands and manne ecosystems, these Issues are covered m the sectIOns on
mdustnal and domestIc pollutIon

Cl Overall Results of the Problem ReVIew

The tables on the followmg pages summanze the Impacts of the environmental problems on
the areas of human health, the economy, and natural ecosystems Although thiS methodology IS
far from preCise, the companson across the different areas does give us a general sense of which
problems are the worst The table on the followmg page summarIzes the compOSIte scores of
major problem areas The full table shows the Impact of each problem on health, the economy,
and natural ecosystems The annexes prOVIde further detail about how these results were reached
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PRELIMINARY PROBLEM ASSESSMENT MATRIX
Industrial and AutomotIve EmIssIons

Sector Pollutant! Human Health Economic BlOdlverSlIy

Acbvlly

Populabon Sevenly Reversa Total Tunmg Sevenly Tlmmg HumanfEco Habitat No of

Affecled bJl11y Cost of system RJchness People
Impact Interface & Impacted

Umqueness

A EmiSSions mto Air

-
I Mobile Sources Sulfur 20 30 20 10 30 10 10 10 10 20

(Transport) DIoxIde

Nitrogen 20 20 30 10 30 10 10 10 10 20
OXIde

Suspended 20 20 30 10 30 10 10 10 10 20
Parncles

Lead 20 30 40 10 30 10 10 10 10 20

2 Industnal FIxed
Sources

Cementenes Dust 10 10 10 10 30 10 10 10 10 10

Sulfur 10 10 10 10 30 10 10 10 10 10
DIoxide

Refinenes Sulfur 10 10 10 10 30 10 10 10 10 10
DIOXide

NItrogen 10 10 10 10 30 10 10 10 10 10
OXIdes

Phosphate Sulfur 20 30 10 20 30 10 10 10 10 20
DIOXide

3 ArealArbsanal
Sources

Pottenes Suspended 10 30 20 • • 10 10 10 10 10
partIcles

Other 10 30 30 • • 10 10 10 10 10
pollutants

B Water EmISSIOns
lOvers

I Tannenes Chrome 20 50 40 20 20 20 20 30 40 20

2 011 plants Suspended
(ohve) particles 20 20 10 3 40 10 20 30 40 20

(margme)

3 Texble Industry Suspended 10 10 10 20 30 10 20 10 40 10
parncles

4 Sugar factory OrganIc 20 10 10 20 30 10 20 30 40 20
matter

5 ChemIcals 10 20 30 20 30 10 20 30 40 10

Oceans

I Phosphate refinmg Suspended 20 10 10 20 50 30 50 30 40 20
particles

Heavy 20 30 30 20 50 10 30 30 40 20
metals

DIssolved 20 10 10 20 50 10 10 30 40 20
reSIdue

2 Refmenes 011 Water • •
Separation 10 10 10 10 20 30 40 10

• No esbmate made
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PRELIMINARY PROBLEM ASSESSMENT MATRIX
Natural Resources Management

Sector Pollulanll Human Heahh Economic BIOdiverSIty
Activity

PopulatIOn Seventy Revers Tolal Tlmmg Seventy Tlmml, HumanlEco Habllal Impact
Affected ablhty Cost of system RIchness & on

Impact Interfaee Umqueness People

A Natural VegetatIOn 10 10 10 40 30 35 38 42 50 50
Utlllzalion

1 Forl.st uUllzatlon 10 10 10 40 30
(resource use lIS mput) Fuelwood 40 40 50 50 50

collecllon

ConslrucUon 10 10 10 40 30
matena) 30 40 40 50 50

Al,ncultural ) 0 10 10 40 30 40 40 40 50 50
expansion

Livestock 10 10 10 40 30
overl,razml, 40 40 50 50 50

Resource
affeeted by 10 10 10 40 30 40 40 40 50 50
exlemallUes

)} Terrestrml Wildlife
UUllzallOl1 J 0 10 10 10 10 23 20 50 50 30

1 Wildlife ulihzaUon Sport 10 10 10 10 10 20 20 50 50 30
huntmg

G1me meat 10 10 10 10 10 30 20 50 30
hUl1tmb 50

Ecotounsm 10 10 10 10 10 20 20 50 50 30

C COdstal Resources
10 10 10 10 10 22 25 28 40 50

AcUvlues that affcct
rl.sourccs (cxternahty Imbauon 10 10 10 10 10 20 40 20 40 50
gl.neratmg)

Construclion 10 10 10 10 10 40 50 50 40 50

Tounsm 10 10 10 10 10 40 30 40 40 50 II
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PRELIMINARY PROBLEM ASSESSMENT MATRIX
Agnculture and Land Use Issues

Human Health Economic BlOdlversIly

Sector Pollutant! Popuiallon Seventy Revers- Total Tlmmg Seventy Tlmmg Human! HabItat No of
AClIvlty Affected ablhty Cost of Eco Rtchness & People

Impact system Umqueness Impacted
Interface

Agnculture

A Water Eroded and
Degraded Land 10 10 10 50 30 50 30 50 50 30

B Irngated Land 30 30 30 30 30 40 40 40 10 30

C Wmd Eroded and
Degraded Land 10 10 10 10 10 40 40 40 40 30

OasiS dune
encroachment 10 10 10 50 50 40 40 20 20 30

D Scemc Land 10 10 10 10 10 20 22 35 30 30

E Urban Proximity
Land 10 10 10 10 10 20 10 20 10 30

1II-29



PRELIMINARY RISK ASSESSMENT
Water Supplies Domestlc and Accidental Polluuon

Scctor Human Health economic Blodervlslly

Populauon Seventy ReversabJllty TOlal Tmtlng Seventy Tlmmg HumanlEco HabItat No of
Affecu:d CoSl of Impact system RIchness & People

Inlerface Umqueness unpacu:d

A Waler Supply Management 50 J 0 10 SO 10 30 10 40 10 SO

8 Domesllc PoUullon

I Uquld Wastes 30 37 30 37 SO 20 50 20 10 10

Falal diarrhea 2 S SO SO SO SO • • • • •

Non fatal diarrhea SO 20 10 40 SO • • • • •
Other dlscases 20 40 30 30 SO • • • · •
Dnnkmg water trealJllent . . . 30 50 • • · • •

2 Solid waSles 10 25 15 10 SO 20 SO 20 10 10

Landfill diseases 10 30 20 10 SO • • • • •
Ncar landfill dIseases 10 20 J 0 10 SO • • • • •

C Accldenlal Pollullon 10 30 30 10 SO 10 20 20 10 20

'NO! applicable
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PRELIMINARY PROBLEM ASSESSMENT MATRIX
Industnal and AutomotIve EmiSSIOns

Seclor PollulaDtJ Average Composite
ACDVIIy

Human Health EconomIc BIodIversIty

A EmissIons mto AIr

I Mobtle Sources

Transport Sulfur DIoXide 23 20 12 18

Nitrogen OXIde 23 20 12 18

Suspended PartIcles 23 20 1.2 18

Lead 30 20 12 20

2 Industnal FIxed Sources

Cementenes Dust 1 0 20 10 13

Sulfur DIOXIde 10 20 10 13

Refinenes Sulfur DIOXIde 10 20 10 13

NItrogen OXides 10 20 10 13

Phosphate Sulfur DIOXIde 20 25 12 19

3 ArealArtlsaual Sources

Pottenes Suspended partIcles 20 0 10 15

Other pollutants 23 0 10 16

B Water EmiSSions
RIvers

1 Tannenes Chrome 33 20 26 26

2 Oil plants Suspended partIcles
(ohve) (margme) 26 35 24 28

3 Textl1e Industry Suspended partIcles 10 25 22 29

4 Sugar factory OrganIc matter 13 25 28 22

5 Chemicals 20 25 22 2.2

Oceans

I Phosphate refimng Suspended partIcles 13 35 34 27

Heavy metals 26 35 26 29

Dissolved resIdue 13 35 22 23

2 Refinenes 011 Water SeparatIOn
10 0 24 17

°No estImate made
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PRELIMINARY PROBLEM ASSESSMENT MATRIX
Natural Resources Management

Sector Pollutant/ActiVity Average Composlle

Human Health Economic BIOdiversity

A Natural Vebetatlon Utlhzatlon 10 35 44 29

I Forest utlhzatlon (resource use as Fuelwood collection 10 35 46 30
IIIput)

Construction matenal 10 35 42 29

Agncultural expansion 10 35 44 29

Livestock overgrazmg 10 35 46 30

Resource affected by 10 35
externahlles 44 29

B Terrestnal Wildlife Utlhzatlon 10 10 35 18

I Wildlife utlhzatlon Sport hunting 10 10 33 18

Game meat huntmg 10 10 36 19

Ecotounsm 10 10 34 18

C C01st11 Resources
10 10 33 17

ActivIties that affect resources
(externahty gencratlllb) Irrlbatlon 10 10 35 18

Construction 10 10 46 22

Tounsm 10 10 40 20
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PRELIMINARY PROBLEM ASSESSMENT MATRIX
Agnculture and Land Use Issues

Sector Pollutant!ACbVlty Average Composite

Human Health EconomIc BIOdiversity

Agnculture

A Water Eroded and Degraded Land 30
10 40 42

B Irngated Land 30 30 32 30

C Wmd Eroded and Degraded Land
10 10 30 16

OasiS dune encroachment 10 50 30 30

D Scemc Land 10 10 27 15

E Urban ProxImity Land
10 J 0 18 12
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PRELIMINARY RISK ASSESSMENT
Water Suppphes, Domestic, and Accidental Pollution

Scctor Average Composltc

Human Health EconomIc BIOdlVCrsltlY

A Water Supply Managcment 23 30 28 27

B Domcsllc PollutIOn

I LiqUid Wastcs Overall 32 44 22 38

Fatal dmrrhea 40 50 * 45

Non fatal diarrhea 27 45 * 36

Other diseases 30 40 * 35

Dnnkmg water treatment * 40 * 40

2 Sohd Wastes Overall 17 30 22 23

Llvmg on landfill diseases 20 30 * 25

Llvmg near landfill dIseases 13 30 * 22

C Accidental PollutIOn 23 30 16 23

*Not applicable

1II-34



Section 11/ Problem Review

LEGEND FOR PROBLEM REVIEW RESULTS TABLE

HEALTH

Number of people affected
1 = 0 - 10,000 people
2 = 10 000 - loo 000 people
3 = loo 000 - 5oo 000 people
4 = 5oo 000 - 2 000 000 people
5 = more than 2 000,000 people

Seventy of the health Impacts
1 = Minor Inconvemence or IrrItatIOn
2 = Short-term IrrItatIOn or IrrItatIon
3 = short-term disabIlity or long-term IrrItatIon
4 = long-term disabIlIty or minor POSSibility of death
5 = Major probabIhty of death

ReverSibility of the health effects
1 = Regular exposures totally reverSible
2 = Regular exposures are largely reverSible With minor IrntatlOn remaining
3 = Regular exposures are partially reversible With long-term partial dlsabdlty remaining
4 = Regular exposure not reverSible With long-term disability remalrung
5 = Single exposure not reverSIble With long-term dIsabdlty or death resultmg

ECONOMY

Total cost
1 = cost < $1 mdhon
2 = cost between $1 millIon and $5 mdhon
3 = cost between $5 milhon and $25 millIon
4 = cost between $25 millIon and $50 milhon
5 = cost > $50 milhon

Tlmmg

1 = Impact will begIn 10 years or more In the future
3 = A one-tIme Impact IS occurrIng now
5 = Impact IS occurrmg now and will contmue at the same rate

NATURAL ECOSYSTEMS

Seventy of Impact on natural ecosystems

1 = One time Impact In one portIOn of ecosystem
2 = Less than 25 percent of ecosystem Impacted
3 = 25 percent - 50 percent of ecosystem Impacted
4 = 50 percent - 90 percent of ecosystem Impacted
5 = Immediate destructIOn of ecosystem

Tlmmg

1 = Potential mInor Impact m dIstant future (more than 5 years)
2 = Potential major Impact m distant future (more than 5 years)
3 = Defimte mmor Impact m present (WithIn 1 year)
4 = Defimte Significant Impact In present (wlthm 1 year)
5 = Defimte major Impact m present (wlthm 1 year)
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Human/Ecosystem Interface

1 = None of community resources are obtamed from ecosystem
2 = Less than 20 percent of commumty resources are obtamed from ecosystem
3 = Less than 40 percent of commumty resources are obtamed from ecosystem
4 = Less than 60 percent of commumty resources are obtamed from ecosystem
5 = All of commumty resources are obtamed from ecosystem

Habitat Richness and Uniqueness

1 = None of community resources are obtamed from ecosystem
2 = Less than 20 percent of community resources are obtamed from ecosystem
3 = Less than 40 percent of community resources are obtamed from ecosystem
4 = Less than 60 percent of community resources are obtamed from ecosystem
5 = All of commumty resources are obtamed from ecosystem

Number of people dependent on the ecosystem affected by the problem
1 = 0 - 10 000 people
2 = 10 000 - 100,000 people
3 = 100 000 • 500 000 people
4 = 500 000 2,000,000 people
5 = more than 2,000 000 people
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SECTION IV
OPTIONS ASSESSMENT

A Criteria for Options Assessment

The second step m the team's work mvolved IdentIfymg project OptIOns, and assessmg how
well they respond to a number of cntena The process of IdentIfymg pOSSIble projects was rather
flUId Because of the tnne constramts, It was not pOSSIble to complete all of the analytIcal work
on the problem reVIew before begmnmg to thmk about projects Therefore project posslblhtIes
WhICh arose m the process of gathermg mformatlon for the problem reVIew were flagged Those
WhICh seemed plaUSIble m I1ght of the kmds of mterventIOns WhICh USAID can make and the
work of other donors were retamed for screenmg accordmg to the cntena below

The projects IdentIfIed through thIS process are not 11ffi1ted to those WhIch address the most
senous envrronmental problems In part, thIS IS because at the tlffie when the team was
Identlfymg project optIOns, we dId not yet know whIch problems would turn out to be the worst
Projects WhICh respond to ulllffiportant Issues clearly were not retamed However problems of
second-order lffiportance are stIll qUIte senous, so effectIve projects WhIch address them may StIll
be well worth consldermg

The project reVIew used a scormg system that evaluated how each optIon would meet a set
of cntena IdentIfIed by the team and the mISSIon In thIS approach, each optIOn IS scored agalllSt
each cntenon, the cntena are ranked agalllSt each other, and an overall score IS determmed that
estlffiates the relatIve attractIveness of the OptIOns The cntena chosen to evaluate the optIons are

• Importance of problem ThIS IS the summary result of the nsk assessment, and
mdlcates the relatIve magmtude of the problem area

• Impact of project ThIS IS an evaluatIon of the benefIts resultIng from a project Idea
ThIS IS based on estlffiates of

the drrect economIC, health, and natural ecosystems benefIts
the probabulty of success/project nsk
the cost/benefIt ratIO
addItIOnal benefIts stlffiulated by the project (e g , the demonstratIOn potentIal)

• PrIOrity of problem/project area to Government of Morocco ThIS mdlcates how
hIghly the GOM rates the problems WhICh thIS aCtIVIty addresses

• PrIOrity of problem/project area to USAID ThIS mdlcates the pnonty to
USAID/Morocco and Washmgton It may also be a measure of the abIlIty to get
fundmg

• USAID comparatIve advantage ThIS mdlcates whether the U S IS partIcularly well
eqUIpped to provIde aSSIstance m thIS area, relatIve to other donor countrIes
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• Trade, mvestment and techmcal assistance opportumtIes ThIS evaluates the potentIal
for the aCtiVItieS to lead to trade, mvestment and techrucal aSSIstance opporturutIes for
US fIrms

• Sustamablhty/spontanelty ThIS mdicates the abIhty of the project actIvItIes and
benefIts to contmue after the USAID fundmg ends It could reflect a sigruficant demand
for the benefIts, WhICh Just requIre an mitIal "push" by USAID to get It started, after
WhICh It w111 contmue on ItS own momentum Alternately, It may mdicate that the
mstitutIOn-bmldmg and components of the project have been effectIve enough that the
GOM can take over the functions provIded durmg the project by USAID techrucal
aSSIstance

• Related donor activIties ThIS mdicates how the actIvItIes complement or leverage those
of other donors

• Support to NGOs, women's groups ThIS mdicates the actIvIty'S support for NGOs
and gender Issues

Each of the above cntena was calibrated on a scale from 5 (most favorable) to 1 (least
favorable), usmg both quantItatiVe and quahtatlve factors (Detal1 on the rankmgs IS provIded m
the annex on methodology) The cntena were then weIghted relatIve to each other, based on the
expenence and Judgement of the team Fmally, each team member evaluated the project Ideas
WhICh slhe developed usmg the cntena dIscussed above

The results of thIS weightmg are presented m the table WhICh follows the project
descnptions When lookmg at those results, a few pomts should be kept m mmd

• Certam cntena WIll tend to favor certam types of projects For example, the Trade,
Investment, and Techmcal ASSIstance OpportumtIes cntenon WIll tend to favor mdustnal
projects that result m sales of U S goods and serVIces compared WIth natural resource
management projects that offer few such opportumties

• There are a number of opportumties to combme the actIVItieS suggested here mto larger
mtegrated proJects, m addItiOn to the two mtegrated management projects Thus, for
example, eco-tounsm mIght be usefully Jomed WIth watershed management, or sewer
and landf111 work mto a smgle urban management project

• Smce team members evaluated theIr own project Ideas, there IS danger of bIasmg the
results If a team member IS consIstently more OptllnIStIC or peSSImIstIC than the others

• The large mtegrated watershed projects (for the Oum er RbIa and Sebou nvers) are
probably beyond the resources of USAID and would reqmre a large cooperative effort
WIth other donors

B ProJect Options

ThIrteen projects were developed by the team

1 Protected zones for drmkmg water mtake ThIS project would COnsISt of
strengthemng the procedures for IdentIfymg and estabhshmg protected zones (WhICh ONEP IS
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currently engaged m developmg WIth German support), and applymg these procedures m one or
more pIlot areas, chosen on the basIs of ONEP prIOrItIes

2 Samtary landfill management The project WIll COnsISt of workIng WIth several local
governments on IdentIfymg technIcal needs for a landfIll and chOIce of a SIte (carrymg out
necessary studIes, negonatmg an agreement among mterested parnes concernmg the sIte), helpmg
local authorIty to IdentIfy mvestments funds to buIld the landfIll and fmanclal mecharusms to
ensure appropnate mamtenance, studIes to assess the VIabIlIty of subcontractmg or pnvatIZatIOn
of the dIfferent steps mvolved m trash collectIon and management, studIes to assess commerCIal
vIabIlIty of recyclmg trash, trammg local authonnes on the management of the systems IdentIfIed
through the studIes (subcontractmg, prIVatIZatIon, recyclmg, publIc management of all actIvItIes)
ThIS may mvolve overseas stays to work WIth sImIlar organIZatIOns, mvolve a selected natIOnal
authorIty m the preVIOUS fIve steps to ensure that thIS approach can be transferred to other CItIes

The project could also mvolve work WIth local commurutles and NGGs to buIld publIc
awareness about better trash management, puttmg thmgs m trash bIllS, recyclmg, baggmg and
SImIlar envIronmentally COnsCIOUS actIVItIes

3 Management support for sewage collectIon and treatment Although fmancmg
sewerage systems IS beyond USAID' s capabIlIty, It can prOVIde technIcal aSSIstance, trammg, and
mstltutlonal and management development aSSIstance to support these mvestments For example,
the World Bank IS now developmg major wastewater and sewerage projects m a number of CItIes
USAID can work m one pIlot CIty WIth approprIate natIonal agenCIes (probably the DIreCtIon de
l'Eau et de l'Assalll1ssement, the DIrectIon des Regles, or GNEP) to carry out the technIcal
studIes, look at prIvate sector options, deSIgn fInancmg, tram operators and managers, and
develop strategIes for transferrmg thIS expertIse to other CItIes

4 Integrated watershed management An mtegrated watershed management approach
lmkmg upland sustaInable land use management practIces to lowland water resource use IS needed
to manage Morocco's watershed resources ThIS approach should mclude Idennfymg costs and
benefIts of eXlstmg and potennal sustamable practIces (e g , soIl eroSIOn control, water
conservatIOn, reforestatIon, farmmg systems, alternative energy, small enterprIse), recommendmg
polIcy reforms and cost-effectIve econOffilc mcennves WhIch encourage sustamable watershed
management (e g , land and tree tenure, taxation of urban populatIon grazmg anImals on the
mountam envIronment), developmg a cost-effecnve watershed management plan, establIshmg
commumty resource management agreements between the government and resource users, and
morutormg the lmk between lIllproved upland watershed management and the avaIlabIlIty of
benefIts (e g , water resources, wIldlIfe conservatIon, agrIcultural, mcome) A potentIal SIte IS the
mountams above the USAID/Tadla Project area

5 Eco-tourIsm development m Morocco's mterlOr An eco-tounsm plan for Morocco's
mtenor regIOns would be developed based on ecologIcal and SOCIal fIeld assessments The
ecologIcal assessment WIll IdentIfy and assess SIte ecology A SOCIal assessment WIll evaluate local
commuruty utIlIZatIon (huntmg, matenals, recreatIon, etc) A tOUrIsm plan WIll evaluate tOUrIsm
potentIal, mfrastructure requIrements, allocatIon of econOffilC costs and benefIts, enforcement,
morutormg, and management responsIbIlItieS

6 Arhsanal Tannery Improvement (ATI) An ATI project would focus on (1) provldmg
technIcal aSSIstance to local agenCIes mvolved m the tannmg mdustry m Fes and Meknes, (2)
workmg WIth the Agency for the Dedenslficanon of the Medma (ADER) and NGG's to overcome
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current obstacles whIch mhIbit the movement of tannenes from the densely populated medma to
new mdustnal zones, and (3) trnplementmg a polIcy component to develop mdustry-based
standards

The project would work WIth the tannery cooperatIves and other NGO's m the Medma and
Industnal zone to provIde techmcal assIstance m reducmg chrome emIssIons The project would
focus on developmg pllot projects m the Medma and developmg cost-effectIve pollutIon
preventiOn and end-of-plpe measures to reduce pollutIon whIle potentIally trnprovmg prodUCtIVIty
Included m thIS techmcal assIstance (TA), could be a component to promote the development of
pnvate sector serVices to receIve and treat tannery wastes, recycle the chrome, and resell the
wastes to tannenes at a reduced costs, thus providmg addItiOnal economiC mcentIves for tannenes
to cooperate WIth the program

7 AIr Quabty Improvement and Momtormg (AQIM) project The AQIM project
would focus on provldmg TechnIcal ASSIstance to develop alr quahty momtormg program,
Identifymg prtrnary actIVItIes for reducmg emISSIons, developmg mdustry standards, and workmg
With a Wide range of stakeholders mcludmg mdustry groups and the SSE to develop ambIent
standards In addItiOn, speCIfic demonstratIon projects would be developed at selected factory
SItes to prOVide adVIce on engmeermg and fmancIal mvestment tOpICS to aSSIst the fIrm m
desigmng and fmancmg envIronmental mvestments The fmancIal mvestment aSSIstance could
take the form of provIdmg small grants or SubSIdIes to US vendors m mstallmg new emiSSIons
control technology, but the prtrnary emphaSIS would be on helpmg factones access natIonal and
mternatIonal mvestment sources

8 Phosphate Processmg EmISSIons EhmmatIon ~E2) PROJECT A techmcal aSSIstance
program to reduce water and aIr emISSIons would focus on developmg momtormg of aIr and
water quahty, IdentIfymg prtrnary actIVItIes for reducmg emISSions, providmg TA to factones,
and workmg WIth the mdustry and SSE to develop emISSIon standards The focus of the TA
would be the cost-effectIve pollution preventIon actIons, mcludmg the recychng of sohds (for
pOSSIble sale to the cement mdustry) and mtrates (to the fertIhzer mdustry) The TA would utIhze
the extenSIve expertIse avallable m the Umted States pnvate sector m reducmg emISSiOns from
phosphate processmg mdustrIes

9 IndustrIal PollutIon PreventIon Project (lP3) The IP3 project would focus Its
aCtIVitIes on trammg Moroccan engmeers to perform environmental audIts and workmg WIth
mdustry groups to develop mdustry-Ied standards, and demonstrate cost-effectIve pollutIon
preventiOn strategIes

10 Water erosIOn of sods Several optiOns look attractIve for addressmg water soli
erOSIon problems In the RIf, a project could demonstrate the use of forage crops to conserve
soli The Al Wahda dam on the Ourgha RIver, to be completed thIS year, IS havmg a watershed
protectIon study done WhICh wlIl IdentIfy attractIve pllot projects PlIot projects or drought
reSIstant perennial crops such as almond and pnckly pear that demonstrate complementary water
harvestmg and SOIl conservatIon are attractIve m the southern Atlas, Agadlr, and Kalal de
Sraghna regiOn

11 Dune encroachment control FIbre cement panels would be used to generate artIfICIal
dunes WhICh are 8-10 meters hIgh and thus capable of stoppmg other dunes ArtIfiCial dunes
would be further stablhzed by bIologIcal means
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12 The Oum er Rbm RIver Catchment Basm Management and Environmental Quahty
Project ThIS large-scale catchment basm project will mtegrate several areas of envIronmental
concern, mcludmg bIodIverSIty, mdustnal and arr pollutIon, and agnculture and land use By
addressmg the envIronmental problems of an entIre catchment basm, It would be pOSSIble to
generate a senes of pilot projects and regulatory reforms WhICh would serve as models for the
rest of the country

The most Important part of thIs project would be to address the problem of non-regulatIon
of agncultural chemIcals on the Tadla Irngated perImeter Other pIlot projects would address
habItat restoratIOn and watershed management, reduce pollutIon from sugar mIll operatIon
through cost-effectIve pollutIon preventIOn techmques, combat soil eroSIOn through ohve
orchards, almond trees, and pnckly pear cactus, controllmg mumcIpal growth on prIme
agrIcultural land, and metermg wells to momtor ground water drawdown m aqUIfers threatened
by salt water mtruSIOn

13 Sebou Integrated Management Plan ProvIdmg techmcal aSSIstance to local agenCIes
mvolved m the managmg watersheds to promote sound land use practIces and expand the
capabilItIes of the watershed to moderate water flow An mtegrated watershed management
approach would hnk upland sustamable land use practIces to lowland water resource use IS
needed to manage Sebou's watershed resources ThIS approach would mclude
IdentIfIcatIOn of the costs and benefIts of eXIstIng and potentIal sustamable practIces (e g , SOlI
erOSIOn control, water conservatlon, reforestanon, farmmg systems, alternatIve energy, small
enterprIse), pohcy reforms and cost-effectIve economIC mcentIves WhIch encourage sustamable
watershed management (e g , land and tree tenure, taxatIon of urban populatIon grazmg ammals
on the mountam envrronment), the development of a cost-effectIve watershed management plan,
estabhshment of commumty resource management agreements between the government and
resource users, momtormg the hnk between lffiproved upland watershed management and the
availabilIty of benefIts (e g , water resources, wl1dhfe conservatIOn, agrIcultural, mcome),
provIdmg techmcal aSSIstance to mdustrIes and mumcIpahtIes along the Sebou to reduce mdustrml
and mumcIpal emISSIOns of water pollutIon and lffiprove downstream water quahty, targetmg the
tannery cooperatIve m the Medma and mdustrml zones of Meknes and Fes
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Morocco EnVIronmental Options AnalysIs PRIDE

ThIS table shows the relatIve attractIveness of the project OptIOns IdentIfied and assessed by
the team Care must be taken WIth these assessments because much of the data needed to make
accurate assessments was not avaIlable and thus the team relled heavIly on Its Judgments In
addItIon, because of time constramts these dId not have sigruficant mputs or reVIew from eIther
the Government of Morocco or USAID Fmally, the projects WhICh appear most attractive are
large water basm management projects that USAID probably does not have the resources to
unplement For example, the World Bank IS trymg to develop a water basm management effort
for the Sebou that WIll lIkely cost $200 mJ.1hon or more Thus, USAID WIll probably need to
select a portIon of such a project, which Will not score as hlgWy
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SUMMARY OF OPTIONS SCORING

OPTION Problem Project GOM USAID Comparative Trade & Sustamab Other
Importance Impact Pnonty Pnonty Advantage Investment -Ihty Donors NGOs TOTAL

Opportumtles

Welghtmg 10 10 50 50 50 50 50 30 30

WATER

Protected Zones for 33 40 40 40 10 10 35 30 10 30
Drmkmg Water Intake

Sanitary Landfill 23 40 40 50 40 30 40 20 30 35
Management

Management Support 33 40 50 40 10 30 30 40 10 33
for Sewage

INDUSTRY

Art1sanal Tannery 40 40 50 50 30 20 20 40 50 38
Improvement

Air Quahty Momtormg 30 30 20 30 40 50 50 40 10 33

Industnal Pollution 40 50 40 40 30 40 40 30 10 39
PreventIOn

Phosphate Processmg 30 40 10 30 30 40 30 40 10 30
EmiSSIOns Ehmmatlon

ECOSYSTEMS

Integrated Watershed 29 40 40 50 10 10 40 30 30 32
Management

Eco Tounsm 20 30 30 30 10 10 30 30 30 24
Development for the
Intenor

AGRICULTURElLAND
USE

Water EroSion of SOils 32 30 40 30 40 10 40 30 30 31

Dune Encroachment 20 30 20 20 10 10 40 20 20 23
Control

Oum er Rbm 50 50 50 50 40 10 50 50 40 45
Management Plan

Sebou Integrated 50 50 50 50 40 30 40 50 50 46
Management Plan
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ANNEX A
METHODOLOGY

The team developed a formal methodology to structure Its analyses and provIde a ratlOnale
for Its conc1uslOns ThIS methodology however must be heavily caveated Although the formal
structure and numencal assessments may gIve an appearance of ngor and obJectIv~ty, m reahty
the lack of data, maccurate data, dJ.fferences m 0PIDlOns, values, and Judgements, a lack of tnne
for analySIS, and mcomplete theoretIcal approaches to these problems make applymg thIS
approach as much art as SCIence However, that does not mean the approach IS not worth the
effort Properly apphed, It forces the user to ask the key questIOns about what factors are
lffiportant to the declSlon, makes clear the uncertamnes m the data and analyses, hIghhghts
mtentlOnal and unmtennonal bIases, and helps IdentIfy and evaluate alternatIves that can make
project OptIOns more attractIve The followmg sectlOns dISCUSS the key features of our approach,
the procedures used, the assumpnons made, and the analyses performed

Phase I Evaluate the Major Problems

The ObjectIve of thIS phase was to Identify the major envrronmental problem areas facmg
Morocco and assess therr relatIve lffiportance ThIS followed the general approach to comparanve
nsk assessment deSIgned by USEPA The approach had two steps

Step I IdentIfy the major envrronmental problems
Step 2 Assess relanve lffiportance of problems

Step 1 Identify the Major EnVironmental Problems

Although Idennfymg envrronmental problems IS relanvely straIghtforward, structurmg them
IS much more dIffICUlt After much dISCUSSIon, the team orgarnzed the problems loosely
accordmg to the sector of actIVIty generanng them Thus pollunon-based envrronmental problems
are conSIdered to be the outcome of speCIfIC sectors of economIC actIvIty, WIth "households" m
effect consIdered to be a sector In thIS framework, most degradatIon can be understood as an
externahty problem, mdustry causes pollutIon, households cause pollunon, agnculture causes
pollutIon, and so on For natural resource-based envrronmental problems, however, the problem
IS not one of externahtIes, but of overuse of the resource base Thus the forestry or fIshery
sectors can overuse therr own resource, depletmg them m the long run S1ffi1larly, unsustamable
water use for agnculture depletes the resource and lffiposes costs on the sector such as reduced
productIVIty or addinonal costs for transpornng or processmg water, as well as potennally
aggravatmg water shortages for mdustry and human consumpnon

As a result of the team's reVIew of documents and dISCUSSIOns, the followmg structure for
evaluanng major sources of envrronmental problems was developed

• General water management Issues
• Domesnc pollutIon of surface and ground water
• Industrial pollutIon of water and arr
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• MobIle source aIr pollutIon
• ACCIdental pollutlOn
• Agnculture and land use
• Natural ecosystem-based actlvitles

Note that thIS approach does not dIstmgUIsh between "green," "brown," "blue," or other
colored Issues The agncultural, resource-based, and general water management sectors
encompass what IS conventlonally thought of as green problems DomestIC pollutIOn of surface
and ground water mcorporates most of the brown Issues now addressed by USAID/Morocco's
urban programs IndustrIal and mobIle source pollutIon of water and aIr cover the other brown
Issues, now partIally addressed by USAID/Morocco's GEM project

Step 2 Assess RelatIve Importance of Problems

Once the problem area structure was developed the team assessed the unpacts of each
problem on health, economy, and natural ecosystems, WhICh were the three unpact areas
IdentIfIed by the EPA methodology The team members reVIewed documents and met WIth
Moroccan government offICIals, donor agencIes, and project staff to develop a good
understandmg of unpacts of the vanous problems m each area Wherever pOSSIble, the team
gathered statlstlcal data to quantlfy the unpacts Where data were unavaIlable or contradIctory,
team members developed careful assumptlOns to estunate Impacts, or used theIr own judgment
and the assessments of the other experts contacted to evaluate the Impacts of each problem

After much dISCUSSion, the team IdentIfied the followmg cnterIa to judge the Impacts of
each problem The team members scored each problem for each cnterIon on a one to five scale
accordmg to each of these cntena A "5" score mdlcated an Important problem (e g , many
people affected, severe Impacts), and a "I" score mdlcated mmnnal concerns (e g , very few
people affected, non-serIOUS Impacts) The cnterIa and calIbrations used for each CrIterIon are

Impact on Health

• Number of people affected

I = 0 - 10,000 people
2 = 10,000 - 100,000 people
3 = 100,000 - 500,000 people
4 = 500,000 - 2,000,000 people
5 = more than 2,000,000 people

• Seventy of the health Impacts Are the health tmpacts potentially fatal, or merely a
short-term annoyance?

I = Mmor mconvemence or Irntatlon
2 = Short-term IrrItation or IrntatIOn
3 = short-term disablhty or long-term Irntation
4 = long-term disabilIty or mmor pOSSibilIty of death
5 = Major probabIlIty of death
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• ReversIbIllty of the health effects Can the lffipacts be reversed once the exposure ends,
or does It cause permanent damage?

1 = Regular exposures totally reversIble
2 = Regular exposures are largely reversIble wIth mmor Irntation remammg
3 = Regular exposures are partially reversIble WIth long-term partial dIsabIlIty

remammg
4 = Regular exposure not reversIble wIth long-term dIsabIlIty remammg
5 = Smgle exposure not reversIble WIth long-term disabIllty or death resultmg

Impact on the Economy

• Total annual econOmIC cost of the problem What are the net econOmIC costs of the
problem to the economy? The procedures use to evaluate these are dIscussed m the
Annex B, EconOmIC AnalySIS Generally these mc1ude actual or potential expendItures
necessItated by the problem, m the absence of any changes from eXIstmg management
systems (e g no pollutant dIscharge standards, etc) They also mc1ude estlffiated value
of certam non-marketed lffipacts on econOmIC well-bemg, for example, loss of women's
non-marketed labor due to l11ness IS valued at the average cost of men's marketed labor
They do not mc1ude valuatIOns of non-marketed lffipacts on the quahty of llfe, such as
wl11mgness to pay for the eXIstence of wl1dhfe or non-econOmIC harm caused by health
problems Assessment of these IS mc1uded withm the lffipacts on health and natural
ecosystems

1 = cost < $1 mIlhon
2 = cost between $1 mIlhon and $5 mIlhon
3 = cost between $5 IDlllIon and $25 IDllhon
4 = cost between $25 IDllhon and $50 IDllhon
5 = cost > $50 IDlllIon

• Tlffimg of the econOmIC lffipacts Are the costs repeated costs or one-tlffie costs?

I = Impacts wl11 occur 20 years or more m the future
2 = Impacts will occur 10 years m the future
3 = Impacts occur contmuously at the same rate
5 = Impacts occur now and will contmue at the same rate

Impacts on Natural Ecosystems

• Seventy of lffipact on natural ecosystems How extensIvely IS the ecosystem type
affected/lffipacted (e g , forest, wetland, coastal, savanna)?

1 = One tlffie lffipact m one portIon of ecosystem
2 = Less than 25 % of ecosystem lffipacted
3 = 25 % - 50 % of ecosystem lffipacted
4 = 50% - 90 % of ecosystem lffipacted
5 = ImmedIate destruction of ecosystem
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• Tumng of unpact Is the unpact near-term or long-term (over 5 years)?

1 = Potential mmor unpact m dIstant future (more than 5 years)
2 = Potential major unpact m dIstant future (more than 5 years)
3 = Defimte mmor unpact m present (withm 1 year)
4 = DefInlte sIgmficant unpact m present (withm I year)
5 = DefInlte major nnpact m present (withm 1 year)

• Human/Ecosystem Interface

1 = None of commumty resources are obtamed from ecosystem
2 = Less than 20% of commumty resources are obtamed from ecosystem
3 = Less than 40 % of commumty resources are obtamed from ecosystem
4 = Less than 60% of commumty resources are obtamed from ecosystem
5 = All of commumty resources are obtamed from ecosystem

• HabItat RIchness and Umqueness

I = None of commumty resources are obtamed from ecosystem
2 = Less than 20% of commumty resources are obtamed from ecosystem
3 = Less than 40% of commumty resources are obtamed from ecosystem
4 = Less than 60% of commumty resources are obtamed from ecosystem
5 = All of commumty resources are obtamed from ecosystem

• Number of people dependent on that ecosystem affected by the problem

I = 0 - 10,000 people
2 = 10,000 - 100,000 people
3 = 100,000 - 500,000 people
4 = 500,000 - 2,000,000 people
5 = more than 2,000,000 people

The scores are then combmed to arnve at composIte scores for the unpact of each problem
on each of the three broad nnpact areas and an overall composIte score for the unportance of
each problem ConsIderable dIScussIons were held regardmg whether the cntena should be
weIghted WIth respect to each other to reflect theIr relative nnportance Although m pnnciple thIS
could be done, the team dId not agree on the need to do It Smce the cntenon scores are all
presented, relatIve weightmgs of CrIterIa to reflect dIfferent evaluations of relatIve unportance can
easl1y be performed

Phase II Evaluate the Major Options

Once "Phase I Evaluate the Major Problems" IS completed, generIc project optIons need to
be evaluated The team dId not have the tune or resources to Identify and develop project OptIOns
m detaIl, the generIc optIOns evaluated here were mdicative of the general types of actiVIties
USAID mIght undertake WithOUt speclfymg exactly what activities these would mclude or what
resources would be avaIlable Generally, these optIons came from diSCUSSions With USAID,
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GOM, or other personnel or from the team's expenence WIth USAID and other snrular projects
rn other countrIes DescnptlOns of the projects are gIven m the mam body of report

Project OptIOns were evaluated usmg a slIDple scormg approach that assessed how each
opnon would meet a set of cntena developed by the team In thIs approach, each optIon IS scored
agalllSt each cntenon, the cntena are ranked agalllSt each other, and an overall score IS
determmed that estlIDates the relatIve attracnveness of the OptIOns ThIS approach has several
advantages

• It forces us to determme what IS lIDportant, and how relanvely lIDportant
• The assumptIons and judgments are clearly spelled out
• It can easIly be modIfIed to evaluate other assumptlOns and judgments
• It provIdes an easily understandable and credIble framework for presentatIOn to others

However It does have diffIculnes

• Evaluanng project charactenstics and lIDpacts IS not easy, and thIS approach does not
reduce or ellIDIDate thIS requrrement

• Determmmg relatIve scormg and rankmg IS dIfficult to do rn a theoretIcally ngorous
manner In thIS mISSIon the team rehed heavIly on Its expenence

• Scorrng and rankmg has many subtlenes For example, there may be cross-lIDpacts (1 e ,
cntenon X has these values If cntenon Y IS thIS range, and other values If not)

• The slll1ple mulnphcatlOn/addinon approach to determrnmg an overall score may not
properly balance tradeoffs m relative lIDportance, partIcularly for mtermedlate score
values

• Many assumptlOns and judgment need to be made about what WIll be done and how
effectIve It will be, that properly IS part of the project deSIgn and/or may be beyond the
control of USAID

• Cntena may overlap, whIch may lead to "double counnng" of benefIts and distortlOn of
results

• Attempnng to rnclude all consIderations can lead to unWIeldy numbers of cntena

Nevertheless, thIS approach IS generally effecnve for IdentIfyrng very good projects and
very poor projects For thIS mISSIon, It can do a good job of IdentIfymg a small number of good
project Options the MISSIon can evaluate or develop further

Implementmg thIS approach had the followmg steps

Step 1 Select and Cahbrate Criteria

DISCUSSIons WIth DSAID, the Government of Morocco, Moroccan orgaruzatlOns and
personnel, and among the team members mdlcated the followmg cntena were the most
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rrnportant For each cntenon, a callbratlon was developed that mdlcated how well each project
met the objectIves of that cntenon ThiS callbratlon was made on a scale from 5 (most attractIve)
to I (not attractive) These cntena and therr callbratlons are descnbed below

• Importance of problem ThiS IS the summary result of the Problem Assessment, and
mdlcates the rrnportance of the problem area

• Impact of proJect. ThiS IS an evaluation of the benefits resultmg from a project Idea
ThiS IS based on esttmates of

the drrect economiC, health, and bIOdiverSity benefits
the probablhty of success
the cost/benefit ratio
additIonal benefits strrnulated by the project (e g , the demonstratIon potential)

5 = major benefICial rrnpacts, and a high benefit/cost ratio
4 = major benefiCial rrnpacts, and a medIUm to low benefit/cost ratIo
3 = mlllor benefICial rrnpacts, and a high benefIt/cost ratlo
2 = mlllor benefiCial rrnpacts, and a medIUm to low benefit/cost ratiO
I = The project WIll have no drrect trnpacts on the problem

• PrIOrity of problem/prOject area to Government of Morocco ThiS mdicates how
highly the GOM rates the activity

5 = GOM has mdlcated thiS project IS a top pnonty, and It Will be contnbutmg
slgmflcant amounts of Its own resources to the effort

4 = GOM has mdicated thiS project IS a top pnonty, but It WIll not contribute
slgrnficant amounts of Its own resources to the effort

3 = GOM has mdlcated thiS project IS rrnportant, although not necessanly ItS top
pnonty, and It Will contribute somewhat to It

2 = GOM has mdlcated thIS project IS rrnportant, although not necessanly Its top
pnonty, but It Will not contribute slgrnflcantly to It

I = GOM has mdicated thiS project IS not trnportant

• Priority of problem/prOject area to USAID ThiS mdicates the pnonty to
USAID/Morocco and USAID/Washmgton It may also be a measure of the abilIty to get
fundmg

5 = addresses major miSSIon/bureau pnontles, and fundmg WIll be avatlable
4 = addresses major miSSIOn/bureau pnorItles, but fundmg uncertam
3 = secondary mISSIOn/bureau pnontIes, but fundmg pOSSIble
2 = secondary mISSion/bureau pnontles, fundmg uncertam
I = does not address miSSion/bureau pnontles, fundmg unlIkely

• U S /USAID comparatIve advantage ThIS evaluates the umqueness of the
U S /USAID contribution In particular, It rewards those project OptiOns where the
USAID can prOVIde expertise not readtly avaIlable from other sources
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5 = The expertise IS only available from the U S
4 = The expertise IS available from the U S and a few other countrIes
3 = The expertIse IS wIdely available from many countrIes, mcludmg the U S
2 = The U S has expertIse, but other countrIes may offer better
1 = The U S has no expertIse

• Trade, mvestment, and techmcal aSsIstance ThIS evaluates the potentIal for the
actIvItIes to lead to trade and mvestment opportumtIes for U S frrms

5 = Project results m drrect, major trade and mvestment opportumties ($100 millton
+) for U S frrms whIch they are ready, wIllmg, and able to take advantage of

4 = Project results m major drrect trade and mvestment opportumtIes, but U S frrms
will have dIffIculty takIng advantage of them because they have no local presence,
competItIon IS too tough, they don't know about or understand the market, etc , or
moderate trade opportunItIes ($25-100 milhon) that U S frrms can take advantage
of

3 = Project results m moderate trade opportumties ($25-100 mIllIon) that U S frrms
will have dIfficulty takIng advantage of, or mmor trade opportumties (less than
$25 millton) that U S frrms can take advantage of

2 = Project results m mmor trade opportumties (less than $25 mIllIon) that U S frrms
will have dIffIculty takIng advantage of

1 = No trade opportumties are lIkely to result from project

• SustamabIhty/spontaneity ThIS mdicates the abilIty of the project actiVItIes and
benefIts to contmue after the USAID fundmg ends, e g , there IS a sIgmficant demand
for the benefIts that just requrre an lllitial "push" by USAID to get It started, after
WhICh It will contmue on ItS own momentum

5 = Project actIVItIes/benefIts are nearly certam (greater than 90%) to be contmued by
others when the USAID fundmg ends, because the market demand IS clear,
fundmg sources have been IdentIfied and have mdicated support, etc

4 = Project actIVIties/benefIts are ltkely (greater than 75 % probabIlIty) to be contmued
after fundmg ends

3 = Project actIVItIes/benefIts mIght be contmued (50 - 75 % probabilIty) after fundmg
ends

2 = Project actIvItIes/benefIts have a slIght chance (25 - 50 %) of bemg contmued
1 = Project actIVItIes/benefits are unlikely to be contmued (less than 25 %) after

fundmg ends

• Related donor actIvItIes ThIS mdicates how the actIVItIes complement or leverage those
of other donors

5 = Project drrectly supports major programs of other donors that would not happen or
would be sIgmficantly less effectIve WIthOut the USAID effort Other donors
mdicate the USAID effort IS cruCial to the success of therr efforts, and they are
mvolved m the project actIVItIes through cooperatIve efforts, steermg cornrntttees,
etc There IS extensIve sharmg of data and jomt presentatIons of results

A-7



4 = Project provIdes readIly IdentifIable support to other donor efforts, With some
formal coordmatlon of efforts

3 = Project prOVides some support to other donor efforts, WithOut necessanly havmg
formal coordmatIon

2 = Project IS related to efforts of other donors, and diSCUSSIOns are held to reduce or
ehmmate overlaps and share data

1 = There are no related projects of other donors, or project may adversely affect
projects of other donors

• Support to NGOs, women's groups ThIS mdlcates the actiVIty'S support for NGOs
and gender Issues

5 = Project Will drrectly help a broad range of estabhshed or new NGOs and women's
orgaruzatlons become sIgmficantly more effective through comprehenSive techmcal
and fmanctal assistance, trammg and other support

4 = Project WIll help one or a few NGOs
3 = Project WIll prOVIde some assistance to NGOs
2 = Project Will prOVide mmor assistance to NGOs
1 = Project proVIdes no NGO assistance, or It may adversely affect NGOs

Step 2 Rank the Criteria Relative to Each Other

The team ranked the cntena relative to each other usmg Its expenence and judgement The
purpose of thiS was to ensure the most Important factors had the most mfluence In Identifying the
most attractive options, and that the other factors were not overlooked In pnnclple, thIS can be a
very dIfficult process m WhICh differences In calIbration Within a cntenon and between CrItena
are carefully balanced USing a ngorous approach that reqUIres developmg an estImate of the
relatIve attractiveness of each of the 45 (= 9 cntena * five values) cntenon levels, and
determmIng the trade-offs between the level values and the change In total score In practice, the
problem IS much SImpler smce we are only trymg to IdentIfy the most attractive projects Thus,
we can focus determmIng the upper and lower values, and the final scores WIll gIve good
IdentIfIcatIOn of the most attractive projects, but With more uncertainty about the relative
attractiveneSS of projects ranked close together The relative cntena rankIngs determined by the
team were as follows

Problem Importance 10
Project Impact 10
Govt of Morocco Pnonty 5
USAID Pnonty 5
SustaInablhty 5
U S Comparative Advantage 5
Trade and Investment 3
Related Donor Activities 3
Support to NGOs 3
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Step 3 Rate Each Project Idea for Each CrIterIOn

Each team member developed project OptIOns m hIS or her expertIse area, and rated each
optIon accordmg to the ratIng scales These were dIscussed among the team and a cOnsensus
score developed for each CrIterIon for each project A fmal weIghted average score IS determmed
for each project optIon WhICh IS equal to the sum of CrIterIon score multIplIed by the CrIterIon
weightmg, dIVIded by the sum of the CrIterIon weightmgs Tllis gIves a final score for each
project from I to 5, WIth the hIgher scored projects the most attractIve

Usmg the scores IS an art Because of the many uncertamtIes these fmal results are best
treated as an lilltIaI estImate of the relatIve attractIveness of project OptIOns, that must be assessed
WIth mtellectual honesty and rIgor to develop overall project deSIgns that meet the MISSIOn's
major ObjectIves and that represent the most "bang for the buck" gIven the major uncertamties
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ANNEX B
ECONOMIC ENVIRONMENTAL PROBLEMS

A IntroductIOn What Do We Want To Measure?

Al What Are We Analyzmg?

What are we really trymg to measure when we ask about the unpacts of envrronmental
problems on the economy? The fIsk assessment hterature focuses on the costs unposed by
envrronmental problems 1 These may be of varIOUS types

• DefensIve expendItures, or those needed to protect agaInst the harms caused by
envrronmental degradatIon, these may mc1ude addItIOnal drmkmg water treatment or
treatment of structures to protect agamst arr pollutIon

• CorrectIve expendItures, WhICh make up for problems created by envrronmental
degradatIon These may mc1ude costs such as house pamtmg or car washmg, medIcal
expenses, or c1eanmg hazardous waste dumpmg SItes

• Foregone mcome from econonuc aCtIVIty WhIch uses natural resources as an mput, such
as fIshenes, tounsm, agnculture, or forestry

• Foregone mcome due to pollutIon-related health problems or death

• Foregone benefIts or serVIces of the envrronment, such as the use of fuelwood, and
SW1IllID1llg m nvers Such serVIces are sometunes proVIded through economIC markets,
and are thus easy to value For example, the pnce of commercIal fuelwood prOVIdes the
InformatIon WIth WhIch to value wood gathered for cookmg fuel Other such serVIces of
the envrronment may be extremely dIffICUlt to value, an example nught be the secunty
proVIded by knowmg that the arr IS safe to breath, or the psychologIcal or spmtual
benefIts of vacatIon m a pnstme natural envrronment

The non-marketed serVIces proVIded by the envrronment constItute the most thorny Issue
for evaluatmg the economIC cost unposed by enVIronmental degradatIon The fIsk assessment
approach WhICh USAID IS mterested m testmg focuses on unpacts m three dIfferent areas, health,
economy, and bIOdIverSIty The mc1USIOn of health and bIOdIverSIty dIstmct from econonues
unplIes that certam values should not or cannot be valued m monetary terms ThIS approach
dIffers from that of some resource econonusts, who would argue that even such mtangIbles as
spmtual well-bemg or health can be valued based on people's wI1lmgness to pay for them Such
valuatIon through wI1lmgness to pay will dIffer based on mcome level, wealthy people will
certamly allocate more money for vacatIons than poor people, and they will spend more to ensure
the quahty of therr health care The use of wIllmgness to pay therefore ImplICItly accepts that the

1 See, for example, EPA 1994
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allocatIon of such mtangibies may be based on mcome, rather than behevmg that they are an
entItlement that everyone should enJoy Irrespective of mcome In separatmg out health, the
USAID (and EPA) method rejects thIs approach, preferrmg to value health on Its own terms
rather than as people are wdlmg to pay for It In separatmg out bIodIversIty, the USAID/EPA
method would seem to accept that the natural enVIronment has an mtrmsiC value beyond the
serVIces WhIch It proVIdes to humans, WhICh should not be valued m terms of how much we are
wlilmg to gIve up to protect It For thIS reason, thIS analysIs does not attempt to gIve an
economIC value to non-marketed mtangibies such as health and protectIon of endangered speCIes,
rather, they are valued on theIr own terms withm the analyses of health and bIodIversIty

Followmg tIus method, thIS annex conSIders the costs Imposed by the envIronmental
problems now confrontmg Morocco GIven the short tIme aVailable to Identify data sources, the
conceptual dIffIcultIes of estImatmg some non-marketed costs, and the lImIted data avaliable WIth
WhICh to make estImates, the results cannot claIm to be comprehensIve However they should be
adequate to determme WhICh envlfonmental problems Impose the most senous economIC costs at
present or m the foreseeable future

A2 Cost AnalySIS vs Cost-benefit AnalySIS

The EPA nsk assessment methodology focuses on the economIC costs Imposed by
envlfonmental degradatIon However, It does not place them withm a cost-benefIt framework
ElImmatmg the costs IdentIfIed by the nsk assessment would consume resources, It IS the
companson of the costs of hvmg WIth envIronmental problems and the costs of solvmg those
problems WhICh would be reqUired to deCIde what should be done Thus to make a general polIcy
deCISIon about WhICh problems receIve attentIon of the government, It would be necessary to
conSIder both the magmtude of each problem and the effectiveness of expendItures to solve It

ThIS analySIS IS a responsIbIhty of the Moroccan government, to mform ItS pohcy-makmg
about pollutIon control and other envIronmental management measures Such analySIS must
conSIder not only how much the dIfferent optIons cost, but who bears those costs LIke the chOIce
of problems requmng pubhc attentIon, the allocatIon of costs IS a pohcy deCISIon Although some
Moroccan government documents refer to the theoretIcal appropnateness of the polluter pays
prmciple, m fact there IS clearly an expectatIon that pollutIOn control costs WIll be SubSIdIZed,
particularly those to be asked of mdustry The deCISIOn of how to pay for these costs WIll affect
the state's fIscal SItuatiOn, the mternatIonal competltlveness of Moroccan mdustry, and mcome
dIstrIbutIon withm the country All of these Issues should be analyzed m the process of
developmg natIOnal envlfonmental protectIOn pohcy

Such an analySIS IS not reqUIred to mform USAID decision-makmg about Its project
actIVItIes, because AID IS not decIdmg on overall Moroccan envIronmental polIcy However, It
would be useful for AID to evaluate the costs of Its own pOSSIble mterventions and to compare
them WIth the resultmg benefits

ThIS IS only pOSSIble to a hmited extent It IS certaInly feaSIble to estImate the order of
magmtude of certam mterventions, for example the constructIon of a sewage treatment plant, or
the studIes needed to deSIgn that plant, or the proVISIon of loan guarantees to a pnvate bank
lendmg the funds to budd the plant However, an AID mtervention WhICh senSItIZes Moroccan
offICials to the Importance of sewage treatment and prOVIdes techrucal aSSIstance m the deSIgn of
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fmancmg systems would be much harder to quantIfy, because It could take so many dIfferent
forms

Smce It IS not the purpose of thIS mISSIOn to desIgn the specIfIC form of dIfferent
mterventions, but only to suggest dIrectIons WhICh they mIght take, we cannot preCIsely evaluate
the cost-benefIt ratIo of those mterventions SImIlarly, to the extent that AID supports actIvItIes
WhIch complement other donor projects, It may not be possIble to disaggregate the benefIts
attrIbutable to AID's contnbution from the actIvIty as a whole

A3 Impact of EnVIronmental Degradation or ProtectIOn on GDP

Another questIOn concerns whether or not we should assess the Impacts of envIronmental
problems on GDP To do so would be mIsleadmg, for a number of reasons FIrst, changes m
envIronmental quahty are often mdIrectly rather than dIrectly related to changes m GDP, that IS,
enVIronmental Improvements will decrease GDP while envIronmental costs typIcally mcrease It
ThIS IS the case of two major costs of pollutIon, referred to above as defensIve expendItures and
correctIon costs These are mcluded m GDP (doctor's salarIes, water treatment plants sold by
pnvate frrms to pubhc water compames, etc ), so If the envIronment IS cleaner and they are no
longer needed, then GDP will drop correspondmgly These problems are among the arguments
for developmg a modIfIed GDP, sometImes called "green GDP," WhICh would move up or down
WIth, rather than OppOSIte to, the qUalIty of the enVIronment Because of them, It IS not
appropnate to use Impact on GDP as an mdicator of the senousness of an enVIronmental
problem

Another problem posed by GDP IS that many of the costs Imposed by envIronmental
problems are not marketed, thus they are not pIcked up m the natIOnal accounts (NatIOnal
accounts typIcally do mclude some non-marketed productIon, such as SubSIstence farmmg, but
thIS concept has not yet been extended to most envIronmental servIces) The EPA nsk
assessment method exphcItly consIders ecologIcal and health nsks separately from economIC nsks
and from the econOmIC dImensIOns of bIOdIversIty and health, so we do not want to try to
quantIfy all non-marketed costs However there are some eaSIly quantIfIable economIC costs
WhIch are not pIcked up by GDP but WhICh we do want to mclude m our analySIS, these mclude
such Items as the loss of unpaId women's work due to Illness

A thIrd problem IS that GDP only measures flows, and does not pIck up decreases m the
value of envIronmental assets due to unsustamable resource use ThIS may be understood by
considermg the Impacts on GDP of two dIfferent forest management strategIes If a forest IS
harvested sustamably-that IS, wood IS cut at rate at WhIch It grows back, so the asset Itself IS not
depleted-then GDP will mclude a modest level of forest-based mcome and the value of the asset
Itself WIll be unchanged (all else bemg equal) If the forest IS harvested at a much faster rate,
woodfuel revenues will be hIgher, so GDP WIll be hIgher Such practIces deplete the asset Itself,
but that cost does not show up m GDP Future generatIOns will not be able to earn anythmg from
the forest, because It WIll be gone In the natIonal accounts sustaInable forest management
practIces, WhICh reduce current yIelds, lead to lower GDP than unsustamable practIces, whIch
mcrease current yIeld but destroy future yIeld altogether

A fourth concern over GDP as an mdicator IS that It will mcrease If populatIon goes up,
even If the qualIty of lIfe of each person IS gomg down In fact, we may be more mterested m
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changes m GDP per capIta, smce tlus would suggest that people are hvmg better, not snnply that
total economIC output has mcreased

For all of these reasons, thIS annex focuses on total costs Imposed on the economy, but
does not address the Impact of envlfonmental problems on GOP

A4. Estlmatmg Future Costs

The costs esttrnated for the rIsk assessment should mclude both those currently bemg
mcurred and those WhICh wlll be mcurred m the future If no change IS made m current
environmental management practices The questIon therefore arIses of how to esttrnate future
costs The approach used IS unfortunately constramed by the amount of tme avaIlable for the
analysIs A conSIderatIon of how we might approach the analySIS If more tIme were aVaIlable IS,
nevertheless, useful to get a sense of the nature of future costs

A4a The Nature of Future Costs

Ideally, we would estImate the future costs of envIronmental problems usmg a spatial
model WhICh mcorporates a number of relevant factors

• rural and urban populatIon growth
• economic growth by sector
• mdustrtal emISSIons
• domestIc emISSIons
• locatIOn of mdustry
• constructIon of dams
• environmental system-land use, rIvers, prevallmg wmds, ground water system,

eXistence of key natural resources, and use of natural resource, especially water

ThIS would gIVe us a "picture" of a network of mterrelated systems, lInked essentially by
water (and alf, though water IS more Important m Morocco) ThiS system would "grow" over
time, as several key vanables changed, particularly population, economic actIvity by sector and
10catlOn, and the construction of dams As It grows, we can observe changes m key vanables
WhICh would be mdlcators of pressure on the system These would concern surface and ground
water qualIty, populatIon density, and quantitIes of water avallable (surface and ground)

Changes m the system over tIme are generally of two kmds The first mvolves slow
growth, a slowly worsenmg envIronment, slow degradatIon of health and ecosystems, and
somewhat steadily mcreasmg costs (though they may be lumpy) These are for the most part what
have been observed m Morocco so far PollutlOn gets worse, disease mcreases, expendItures to
treat them nse, and lumpy expenditures to prevent them (dnnkmg water treatment, eventually
sewer system mvestments, etc) are made ThiS degradation would be pOSSible to predIct WIth
some relIabIlIty, If the necessary data were avallable

Like pollution problems, the Issues related to agncultural growth and water use are
prtrnanly of thIS type Surface and ground water wtll mcreasmgly be used for lfngatIon, causmg
slowly worsenmg pollutIon problems and pOSSibly senous Impacts on the ground water levels
WIth the proposed water transfers envIsIoned to address supply problems, there should not be
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unmedlate supply problems (asIde from drought), but there could be slowly degradrng
enVIronmental condItIOns

The second land of problem, WhICh wIll arIse If current practices do not change, WIll
rnvolve cracks rn the system as a whole ThIS occurs when pressure reaches a level rn one place
where there IS no rncremental SolutIon The water problems downstream from Fes, where ONEP
has to close drrnkrng water treatment plants every wrnter, are an example of a crack In thIS case
the cost has been low, because most of the system IS stIll faIrly resIlIent, and drrnkrng water from
elsewhere IS avaIlable to fIll the gap Nevertheless, thIS small crack has had major polItIcal
repercussIOns, and has led to a great deal of concern over water pollUtion Issues

Over tIme, the pressure wIll grow throughout the system If nothrng IS done to alleViate It,
we can enVIsage more serIous breaks rn the future A treatment plant that closes where there IS
no alternatIve, so people eIther drInk contamrnated water or have none Or an rndustrIaI aCCIdent
where the government does not have the capaCIty to clean up rn time, and many people become
SIck Or rncreasrngly dense urban areas fIllrng rn former rndustrial waste storage areas, and
discoverrng problems of tOXIC contamrnation Such breaks could suddenly create extremely hIgh
clean-up and treatment costs They constitute the really senous cost of not addressrng
envIronmental Issues now Any speCIfIC problem IS dIffIcult to predIct, of course, but we may be
sure that somethrng of thIS nature wIll happen If the problems are left unaddressed

Breaks rn the system are what creates the polItIcal WIll to deal WIth envIronmental
problems The polIcy deCISIOns made now about preventrng future problems depend, rn a sense,
on whether the POlItICal Impetus created by the problems rn Fes are suffICIent to generate a
wIllrngness to take on sIgmficant costs now, or whether future more senous cracks WIll be
needed to make that happen

A4b Analytical Approach Apphed

Unfortunately, rn a short tIme frame It IS not pOSSIble to buIld a model lIke the one
descnbed above WIth avaIlable data, essentIally on populatIon and econOmIC growth, but not on
the envIronmental factors that determrne when pressure mounts wIthrn the system, we can make
some very SImple estImates of the gradual rncreases rn costs WhICh may be Imposed by
envIronmental degradation These gIve us a lower bound for actual costs, and allow us to
compare the relatIve Importance of dIfferent envIronmental problems m the future

The growth rate data used to estImate cost Increases are the followmg

Growth rates

Urban populatIon
Rural population
Total populatIon
Industry
Economy overall
Income per capIta

1993

34
08
2 1
30
20

$1,08000
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2000

1 26
1 06
1 16
1 23
1 15

$1,07200

2010

I 77
1 15
1 42
1 65
140

$1,06200
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The population growth rates come from the Annuarre Statlstlque du Maroc (AS), Table 1
3 Industrial growth uses the basehne estImate of the Mlillstere du Commerce et de l'Industrie
The overall economIC growth rate IS based on Table 20-1 from the Annuarre StatiStIque, WhICh
gives GOP m 1980 dollars for 1989 through 1993 In fact, those data show a consIderably lower
average growth rate (about 1 2 percent), our estImate seemed more reahstlc for thIS purpose
Income per capita was calculated from the population and economIC growth rates

B Costs Posed by EnvIronmental Problems

Bl AIr Pollution

Air pollutIon ImpOses estImable costs through several dIfferent mechamsms FIrst, the lead
III vehIcle exhaust has specIfIc Impacts on chIldren's learmng abIlIty, WhICh may have long-term
Impacts on thelT earnmg abIlIty Second, arr pollUtion affects people's health, causmg
expendItures on medIcal care and lost days of work ThIrd, It dIrties and degrades mfrastructure
and bUlldmgs, necessltatmg mcreased expendItures on cleanmg and repalTs

Bla MobIle Sources Lead and Chlldren's Learnmg AbilIty

No specifIc data are avaIlable on lead levels m chIldren, although a study comparmg
cluldren m Rabat WIth those m Temara apparently showed that they are high 2 Based on
estImates of the number of people who are lIkely to be exposed to sIgmflcant level of
lead-essentIally those hvmg m downtown area of major ClUes-It was possIble to estImate the
economIC Impacts of lead exposure, as follows

1993

Lead - number exposed
Brrth rate
Number born
Percent decrease m earnmgs
Foregone earnmgs per year
LIfetIme foregone earmngs

100,000 estImate based on urban population
o021 urban brrth rate from AS Table 1-10
2100 calculated
10 percent
226,800 based on 1993 Income per cap
$3,891,681 net present value of Income stream

Projected future costs
Lead - number exposed
Number affected
BIrth rate
Number born
Percent decrease m earnmgs
Foregone earnmgs per year
LifetIme foregone earnmgs

2000
126,370
12,637
0021
2650
10 percent
286,607
$4,917,915

2010
176,542
17,654 from urb growth rate
0021 1993 rate
3710 calculated

400,398 USIng Income growth
$6,870,469 net present value

ThIS assumes that the automobIle fleet IS growmg as a function of growth In Income

2 CIted In Sous-Secretanat d'Etat 1994, "Monographle "
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BIb General Health Impacts

Arr pollunon can have a varlety of health lIDpacts, prlIDarily greater susceptlbillty to
resprratory problems and eye rrntatlOn Moroccan health StatlStlCS provlde mformatlOn about
cases of conJunctlvltls, but no data about resprratory problems or other condltlOns potentlally
lmked to arr pollutlOn ThlS sectlOn est1mates posslble lIDpacts by assummg that one workmg
person among 100 of the urban workrng populatlOn IDlsses one day of work per year due to such
problems

Health effects

BIg CIty populatIon
Days worked per year
Rate of days lost
year
Labor force participatlOn
Total work days
Days lost
Income per capIta
Income per day
Lost revenue

MedIcal cost
Total medIcal cost

1993

9,264
250

000004

048
1,111,680

44,467
$1,08000

$432
$192,03800

$500
$222,33600

AS (Table 1-3)

one person m 100 IDlsses one day a

AS
m 1000s

per workday lost (estnnate)

Projected Costs 2000 2010

BIg CIty pop 11,707 16,355
Days worked per year 250 250
Rate of days lost 000004 000004
Labor force participatlOn 048 048
Total work days 1,404,829 1,962,587
Days lost 56,19300 78,503
Income $1,07200 $1,06200
Income per day $429 $425
Lost revenue $241,02000 $333,42800

MedIcal cost $500 $500
Total medIcal cost $280,96600 $392,51700

Ble Cleanmg Costs

AIr pollutlOn mcreases expendItures for c1eanmg of homes, publIc bUlldmgs, c1othmg, cars
and anythmg else WhICh may be exposed to It Certam cheITI1cals also degrade bUlldmgs m ways
WhICh cannot be repaIred ThIS IS of partIcular concern for histonc bUlldmgs and monuments No
mformatIon IS avaIlable on expendItures for cleanmg and bUlldmg repaIr, much less data on the
margmal nnpact of pollutIon on those expendItures To get an order of magmtude, however, we
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mIght estunate that each urban household spends an average of five addItIOnal dollars per year on
cleamng expenses ThIS leads us to the followmg estunated costs m 1993

Cleamng

BIg City pop
Urban household SiZe
No of households
Cleanmg expense
Total expense

Cleanmg

BIg CIty pop
Urban household SiZe
No ofHQ
Cleamng expense
Total expense

1993

9,264
53

1,747,92500
$500

$8,739,623 00

2000

11,707
53

2,208,851
$500

$11,044,25600

Atlas DemographIque

estunated

2010

16,355 based on urban populatIon growth
53
3,085,829
$500
$15,429,144 00

82 IndustrIal Water PollutIon

PotentIally quantIfIable costs currently unposed by mdustnal water pollutIOn are of several
types FIrst, nvenne pollutIon IS forcmg ONEP to spend addItIOnal money on drmkmg water
treatment Second, phosphate pollutIOn m partIcular may have sIgrufIcant unpacts on the fIshIng
Industry ThIrd, the IntroductIOn of tIghter envIronmental standards by the European Commuruty
could m the future lead to the bannIng of Moroccan exports, partIcularly phosphates, mto
Europe

In addItIon to these speCIfIC costs, the current untreated dIscharges of IndustrIal pollutIOn, If
unchecked, WIll unpose sIgrufIcant pressure on the country's drInkmg water network ThIS WIll
create a nsk of envIronmental dIsaster, WIth major health and economIC unpacts, although where
and when such collapse of the system WIll occur ObVIously cannot be predIcted

82a Drmkmg Water Treatment

The pollutIon of Morocco's nvers has already caused ONEP to make addItIOnal
Investments In drInkmg water treatment m order to meet WHO standards Such Investments have
been made In fIve plants, though ONEP only has data on the margInal costs for a SIngle plant, on
the Sebou RIver downstream from Fes For thIS plant, ONEP Incurred some $10 mIllIon In
mcremental mvestment costs and spends about $675,000 a year In mcreased operating costs m
order to treat hIghly polluted water Converted to a lump sum annual cost, as shown below, thIS
comes to an addItIonal cost of some $1 6 mIllIon
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Investment 88,000,000
Investment m $ $10,000,000
Operatmg cost of pre-treatment 0 296
ProductIOn of the plant 20,000,000
Cost per year 5,920,000
Cost m $ $672,727 00
Payment penod for mvestment 15
Interest rate 0 05
Annual payment on the mvestment $963,423 00
Total annual cost $1,636.15000

Dh - ONEP 1190

Dh/m3 - ONEP 2/90
m3/year - AS table 5-26

The pollutIOn of the Sebou RIver downstream from Fes IS due both to mdustrIal and to

household pollutIon However ONEP attrIbutes these mvestments to mdustrIal problems because
they were necessItated by the seasonal surge m pollutants WhICh occurs m the wmter due to olIve
011 processmg There IS also a seasonal surge m the sprmg due to sugar processmg, however thIS
one IS not hIgh enough to force the water qualIty above the level that ONEP can treat However,
the deCISIon to conSIder the olIve oil producers the cause of the problem, rather than the ambIent
hIgh pollutIon level due to lack of sewage treatment, IS somewhat arbItrary

ONEP reports that mvestments were made m four plants other than the Fes one (ONEP
1990, P 19), but they do not prOVIde cost data for these plants If we assume that these costs are
lower those m Fes (hence the lack of concern about IteffilZmg them), then total annual margmal
cost for drmkmg water treatment ffilght be between $3 and $4 millIon

Clearly thIS IS a cost WhIch will mcrease m the future ONEP now has 34 treatment plants
(AS Table 5-26), all of WhICh ffilght be expected to need addITIOnal mvestment m the future Thus
we mIght expect to see some $20 to $30 ffilllIon a year addluonal costs spent on drmkmg water
treatment m the future ThIs will solve the problems up to a certam level of water pollutIOn
However, as dIscussed above, and as has already occurred m the Sebou RIver plant downstream
from Fes, addItIOnal drmkmg water treatment WIll only suffIce up to a certam level of polluuon
Beyond that level, the plants will SImply close down, because they will be unable to treat the
water to acceptable standards ThIs breakdown m the system, If It occurs, WIll Impose costs far
beyond the addItIOnal mvestments and operatmg costs now needed to treat polluted nver water

B2b Phosphate PollutIOn of The Ocean

The Moroccan phosphate company, OCP, dIscharges all of ItS wastes drrectly mto the
ocean (see mdustrlal pollutIOn annex for detaIls) EVIdence IS mIXed about the Impacts of thIS
pollutIon on the flshenes mdustry, partIcularly for sardmes Safl used to be the country's major
sardme port, WIth some 80 cannenes Smce the OCP plants opened m the early 1980s, sardme
catches m Safl have dropped, and at present only about 20 cannenes are left there Catches have
nsen down the coast m Tan-Tan, and many new cannenes have opened there The cause of thIS
shIft IS a matter of questIon SCIentISts from the Instltut Supeneur de la Peche MantIme (ISPM)
don't have deflilluve proof, but they belIeve that natural causes explam the ShIft m the fish
populatIons towards the south FIshermen, and perhaps popular oplillon, however, attrIbute the
ShIft to the phosphate plant dIscharges Clearly more work IS needed to determme the cause of
these changes
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At present the cost unposed by tlus shift m the sardme populatIon IS the transactIons costs
of cannenes which moved down the coast Total sardme catches have fluctuated widely smce the
late 1970s (Economist Intelhgence Umt, 1989), WhICh IS consistent WIth SCIentIsts' and cannery
staff descnptIOns of sardme behaVIor However the overall trend has been constant Therefore the
country as a whole has not lost sardme mcome, SafI's loss has been Tan-Tan's gam

PollutIon has caused another cost to the flshmg mdustry ISPM SCIentIsts report that It IS no
longer pOSSIble to catch flSh near major cltIes In partIcular, trawlers workmg m the mouth of the
Qum Er-Rbm at Casablanca brought up ttres, plastIc bottles, and cans, but no fISh FIshermen
based m Casablanca must therefore go further m search of fISh than they dId m the past The lack
of fish m such harbors IS probably due to a combmatlon of mdustrIaI, domestic, and agncultural
pollutlon, and cannot be ascnbed to a smgle cause The need to travel further would unpose
marg10al addltlonal costs on the fIshermen, and probably put some of them out of busmess When
the dIstance mvolved IS large enough, lt Will kIll the fIshmg mdustry out of major cities
altogether, forcmg fleets to move to waters WhICh are less polluted ThiS does not appear to have
happened yet, however

Harm to the flshenes mdustry could have greater economic Impacts m the future As the
table below shows, flshenes as a whole now brought 10 some $528 ml1lIon 10 1993, $152 ml1lIon
of thlS from the coastal (rather than ocean) flshery Industrial pollutlOn should affect prunanly the
coastal flshery As urban pollution further degrades current flshmg areas, the fleets Will
presumably to move away from eXlstmg CItleS, to form new ports and process109 plant
concentratlons elsewhere Overall catches may not drop for some tune, smce cltIes now cover
only a modest portion of Morocco's long coastlme, but the transactions costs may be hIgh

Flshmg mdustry 1993 10"3 Dh Source 10"6 $ Share

Total value of yIeld 4,6462 AS Table 3-26 528 a I 88% ofGDP
Value of coastal fishery 1,3422 AS Table 3-26 1526 054% ofGDP
Value of fish exports 3,6620 AS Table 16-10 416 1 626% of FX
Total FX revenues 58,4966 6,6473
GDP 1993 247,6825 AS Table 20-1 28,1457

B2c European Umon Standards

The new European Umon standards for 10dustrial actIVIty apply to goods unported 1Oto
Europe as well as to goods produced there The ISO 9000 standards prunanly address product
qualIty, whIle ISO 14000 standards have a bearmg on envIronmental protection m mdustnal
production Once applIed, these standards wIll have sIgmficant Impacts on all Moroccan export
productIon

As the table below shows, goods exports accounted for some 13 9 percent of GDP m 1993
Of thIS total, 62 percent went to European Umon countnes, account1Og for 8 7 percent of GDP
Smce Europe accounts for a large portIon of Moroccan export markets, producers are lIkely
rapIdly to make to every effort posslble to comply WIth ISO standards, rather than lose their
markets ThlS has been the expenence Wlth European Umon (EU) health standards for canned
foods, producers m that mdustry scrupulously guarantee complIance, and are regularly momtored
by European fIrms carrymg out mspectlOns for the EU
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Prmcipal Exports 1993 To World To Europe % to Europe

Food, drmks, tobacco 9,051 5,645 62%
Energy and lubncants 914 653 71 %
Raw matenals - orgamc 974 654 67%
Raw matenals - mmeral 3,490 1,661 48%

of whIch phosphates 2,416 853 35%
IntermedIate goods 8,369 3,791 45%

of whIch fertilIZer 2,895 1,391 48%
phosphonc aCId 3,256 1,109 34%

Producer products 1,704 990 58%
Consumer products 9,864 8,064 82%

TOTAL 34,366 21,458 62%
Share of 1993 GDP 13 9% 87%

Source Annualre Statlstlque Table 16-5

Two costs WIll result from the mtroduction of such standards (as they would from
mtroduction of Moroccan emISSIOnS standards) Some fIrms WIll make the needed mvestments,
cuttmg mto theIr profIt margms Other fIrms WIll not be able to afford the mvestments, WIll lose
theIr European markets, and may go out of busmess The Impact on a gIven fIrm or mdustry
sector WIll depend prImarily on the technology of the partIcular fIrm or mdustry and Its profIt
margIns Unlike mtroduction of Moroccan emIssIons controls, the Impact of ISO standards does
not depend on Morocco's competItIve posltlon relatIve to other countrIes, smce the standards WIll
apply equally to anyone wIshmg to compete m European markets Although obVIously the total
value of exports to Europe serves as an upper bound for these costs, estImatmg what they WIll
really be IS not pOSSIble from available data about mdustrIaI technology and cost structure

B3 Domestic Pollution

DomestIc pollutIon poses a range of threats to Morocco's economIC well-bemg There are
two major sources of domestIC pollutIon, llqUld waste, prImarIly sewage, and solld waste The
costs they Impose are of several types FIrst, and perhaps most Important, IS the costs generated
by the prevalence of water-borne dIseases, partIcularly dIarrhea A second major category of
costs result from proXlmIty to samtary landfills The thIrd category of potentIal costs stems from
the Impact of domestIc waste on beach samtation and thus on the tOUflSt mdustry Note that a
fourth category of costs, mcreased drmkmg water treatment expendItures, was already addressed
m the sectIOn on mdustrIaI pollutIOn, although these expendItures are a response to both sources
of pollutIon

B3a DIarrhea

Water-borne dIseases may be a result of both hqUld and sohd wastes Although a
slgruficant proportIon of Moroccan urban reSIdents are connected to muruclpal sewer systems,
there IS VIrtually no sewage treatment ID the country, and raw wastes are dumped IDto the flvers
and the ocean The flvers constItute a dIrect flsk to those who llve near the flvers, SWlm ID them,
wash laundry m them, and so on In addItIOn, m some CItIes sewage outfalls or flverwater
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drrectly downstream from them are used to rrrIgate commercial vegetable gardens m or close to
urban areas, constltutmg a rIsk both to those workmg m the fIelds and to those who consume the
produce Uncontrolled landfills may also contrIbute to transmIssIon of water-borne dIsease The
JUIces WhICh concentrate m the landfIlls filter mto the ground and may contammate the ground
water ThIS may contammate the dnnkmg water of people lIvmg m rural areas m the VIClillty of
the landfIll, who may rely on untreated well water rather than treated water supplIes provIded by
ONEP Although avaIlable data on the prevalence of water-borne dIseases do not allow us to
determme how those dIseases occurred, we may estImate that the lIqUid waste IS more lffiportance
source of contammatlon than landfIlls, because of the number of people at fisk from vegetables
IrrIgated With sewage

DIarrhea IS by far the most common water-borne dIsease m Morocco Data from the
MImstry of Health and from the DemographIc and Health Survey (DHS) conducted m 1992 allow
us to esttrnate the total number of cases per year as shown m the table below The DHS StatIStiCS
show that 10 the wmter, when dIarrhea rates are lowest, 12 7 percent of chIldren whose parents
were surveyed experIenced a bout of dIarrhea withm the prevIous two weeks In the summer,
when dIarrhea IS at Its worst, the Mlillstry of Health surveys show 21 7 percent occurrence rate
withm the prevIous two weeks ThIS averages to 17 2 percent for a "typIcal" two-week perIod,
WhICh IS eqUIvalent to 4 472 bouts of diarrhea per ChIld per year for the country as a whole
(Mlmstry of Health calculatIOns) WIth 3 3 mIllIon chIldren under fIve years of age (the group
for WhICh dIarrhea IS most prevalent), thIS means 14 8 mIllIon cases per year An assumptIon IS
made that 60 percent of these cases may be attrIbutable to unclean water, thIS figure IS borrowed
from SImIlar work prepared for the Sous-SecretarIat d'Etat pour l'Environnement

Jan-Apr 2-week rate
July 2-week rate
Average
Annual occurrence/chIld
No of chIldren
No occurrences
% due to water-born dIsease
No occurrence

o127
0217
o 172
4472

3,313,000
14,815,736

60%
8,889,442

DHS page 19
MInIstry of Health

Mlmstry of Health formula
Annualre Statlstlque Table 1-4

Of these cases, the DHS survey tells us that on average 11 percent VISIt a clImc, and 11
percent (of total cases, not of those who go to the clImc) receIve antIbIOtICS 10 treatment
Fourteen percent of cases are treated WIth oral rehydratIOn therapy EstImatmg at (SOCial) cost of
i\) I0 per clImc VISIt, and costs of medIcatIons at $6 for antIbIotICS and $4 for oral rehydration
therapy, we arrIve at the followmg annual medIcal expendItures due to dIarrhea

Percent to cllmc 011 011 011
ClImc VISItS @$10 $9,778,386 $12,356,940 $17,263,002
Percent antiblOtlcs o 11 011 011
No antlblOtics @$6 $5,867,031 $7,414,164 $10,357,801
% usmg oral rehyd therapy o 14 o 14 o 14
Total usmg ORT @$4 $4978087 $6,290806 $8788437
TOTAL $20623,505 $26,061,910 $36,409,241

These costs are qUIte hIgh relative to other envIronment-related expendItures OccurrIng at
present ProJectmg them Into the future, based on prOjectIons of urban growth, we arrIve at about
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11 2 rrullIon cases and $43 millIon m expendItures m 2000 and 15 7 rrullIon cases and $60
rrullIon m expendItures m 2010 Clearly thIS IS a sIgmficant lffipact on the economy

DIarrhea causes an estlffiated ten thousand deaths a year among children under fIve years of
age ThIS fIgure IS based on DRS data on mortalIty of chIldren under fIve years of age (known as
"5qO mortalIty") and Mlllistry of Health estlffiates from 1989 that 26 7 percent of those deaths
may be attrIbuted to dIarrhea Agam, It IS assumed that 60 percent of deaths are attrIbutable to
water pollutIOn

DIarrhea deaths Source 1993 2000 2010

Mm Health

AS Table 1-1
AS Table 1-9
DHS graphIc

Brrth rate/WOO
Brrths per year
5qO mortalIty
No deaths
% dIarrhea 1989
No dIarrhea
Share due to envrronment
No env-rel dIarrhea deaths

273
711,684

0076
54,088

0267
14,441

60%
8,665 10,950 15,297

These deaths per year may be construed as a loss to the economy of the mcome WhICh
those mdividuals would have earned ThIS IS qUIte a controversIal fIgure, smce some would argue
that the mdivIduals who dIe of dIarrhea m Infancy are lIkely to be very poor, and to constItute
more of a lIabIlIty than an asset to the economy Nevertheless the fIgure IS proVIded, as a pomt
for dIScussIon We assume that an mdividual works for forty years, and that those who dIe would
earn the average per capIta mcome Then the mcome loss due to those who dIe thIS year IS the
net present value of therr lIfetlffie earnmgs streams Thus the 8,655 Infants who dIe m 1993
would have earned 1993 per capIta mcome ($1,080) for 40 years Assummg a dIscount rate of 5
percent, thIS gIves a foregone lIfetlffie mcome of $161 mIllIon for the group as a whole In 2000
the loss WIll be the mcome of 10,950 people who dIe, at estlffiated 2000 per capIta mcome of
$1,072, for 2010 15,297 Infants dIe and per capIta mcome IS estlffiated to be $1,062

Foregone Income

Foregone Inc /year
Years worked
NPV of foregone

mcome stream

1993

$9,355,164
40

$160,526,066

2000

$11,741,300
40

$201,469,979

$16,242,986
40

$278,714,796

2010

B3b Other Water-borne Diseases

Although dIarrhea IS the most lffiportant water-borne dIsease m terms of number of cases, It
IS neIther the only one nor the most senous A number of other dIseases may be attrIbuted to
water pollutIon, the Annuarre StatIstIque gIves data about the number of cases m 1993 (Cholera
has also been lffiportant m Morocco, however data are not publIshed about Its mCIdence )
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DIsease

TyphoId
ConjUnCtiVItIS
HepatItIS
Menmgltls
B1lharzIa
Total cases

1993

3,411
50,000 out of 100,705
1,293 out of 2,586
209 out of 417
2,358
57,271

AS table 11-14
ass1gnment to waterborne
dIseases based on expert
medIcal opmIOn

Assummg medIcal expendItures of 5,000 Dh per case for all except conjUnCtiVItIs (whIch 1S
not very senous), thIS gIves a total of about 36 mIllIon drrhams or $4 1 mtlhon dollars per year
spent on medIcal care ProJectmg thIS Into the future based on urban growth, we arnve at $5 2
mllhon In 2000 and $7 3 mtlhon In 2010

Data are not avaIlable on deaths from these dIseases, only the number of cases Therefore
we cannot project foregone Incomes due to death By makIng some assumptIons about days
mIssed from work, however, we can estImate foregone Income due to Illness Thus assumIng
twenty days lost for each case of the senous dIseases, 1993 per capIta Income of $1,080, and 250
days to a work year, we arnve at foregone Income of $4 9 mIllIon Note that we have not
adjusted the number of cases for labor force partIcIpatIon rates, thIS ImplICItly assumes that the
unpaId labor of women workIng at home IS of the same value to the economy as the paId labor of
those In the work force ProjectIng thIS Into the future based on urban population growth and
evolutIon of per capIta Income, we can estImate losses In 2000 of $6 2 mtlhon and losses In 2010
of $8 6 mIllIon WhIle these costs are Important, they are not as hIgh as those associated WIth
dIarrhea

B3c Sohd Waste ~ DIrect Exposure to Landfills

Morocco's landfIlls are a cause of a vanety of pOSSIble health problems Most senously
affected are people who hve and work drrectly on the dumps, engaged In scavengIng and
recyclIng These people are exposed to orgaruc wastes, medIcal wastes, chemIcal wastes, and
smoke from the fIres WhICh burn spontaneously m the trash As always, no data are avaIlable
about theIr health problems In partIcular, but we can get an Idea of the order of magmtude of
these problems WIth some estImatIon ObservatIons of the Meknes, Safl and Rabat landfIlls
suggest that there may about 60 people workIng on each of them If there are 65 major landfIlls
(one per provInce), and each landfIll worker Incurs 500 drrhams In work-related medIcal
expendItures per year, then we may estImate the follOWIng annual costs for 1993, 2000, and
2010

Med1cal ExpendItures 1993 2000 2010

People per dump 60 83 117
# of dumps (one per provInce) 65 70 75
Total people 3,900 5,838 8,739
MedIcal expendItures per person Dh 500 500 500
Total medIcal expendItures 1,950,000 2,919,146 4,369,426
ExpendItures In $U S $221,591 $331,721 $496,526
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The foregone revenues due to Illness by landfIll workers are low Assummg five days lost
per person per year, dally revenue of forty drrhams (somewhat below per capIta mcome), and an
mcrease m landfl11 workers related to urban populatIOn growth, we arnve at the followmg
estlIDates for 1993, 2000, and 2010

Income Loss 1993 2000 2010

Foregone days of work 5 5 5
Total days mIssed 19,500 29,191 43,694
Earrungs per day 40 40 40
Total foregone revenue m drrhams 780,000 1,167,658 1,747,770
Foregone revenue m $ $88,636 $132,688 $198,610

Thus the overall costs borne by people workmg drrectly on the landfl11s are qUite modest
relative to other envrronmental lIDpacts on the economy

B3d Sohd Waste - PrOXllluty to Landnlls

The envrronment around the landflll suffers from a number of envrronmental nUisances,
mcludmg smoke, contammated dust blowmg off, trash left on the access road, and so on All of
these factors create an envrronment more unhealthy than the average urban neIghborhood Ideally
the econOmIC lIDpact of proxlIDity to the landflll should be assessed by comparmg property values
m neIghborhoods whIch are eqUivalent m all respects except for proXlIDity to the landfl11
Unfortunately, thIS was not practical for thIS study In heu of that, we have estlIDated the
populatIOn may be affected by landfill disamerutIes, and the medIcal costs WhICh they may mcur
as a result ThIS analySIS estlffiates that the average ten-hectare landfIll WIth a 1700-meter
perlffieter may lffipose negative externahtIes on people hvmg withm one kIlometer At average
rural populatIOn denSIty of 36 people per square kl10meter (landfIlls are usually outSIde of heavl1y
settled urban areas), thIS means that some 40,000 people may be affected m 1993, 54,000 m
2000, and 81,000 m 2010 If the average addItional medIcal expendIture of these people IS 100
drrhams per year, thIS would mean $450 thousand spent m 1993, $615 thousand m 2000, and
$921 thousand m 2010 These expendItures are low compared WIth other envrronmental lffipacts

ProxlIDlty to Landf111 1993 2000 2010

Perlffieter of dump meters 1,700 1,700 1,700
area withm lkm km2 17 17 17
People per km 36 45 64
People affected per dump 612 773 1,080
Total number of dumps 65 70 75
Total people affected 39,780 54,137 81,033
MedIcal expenditures 100 100 100
Total m $ $452,045 $615,192 $920,829

B3e Beach ContammatIon and Tounsm

The question here IS whether solId waste and sewage are contaminatmg beaches, espeCIally
around CItIes ThIS IS a matter of great concern to the MIDlStry of Tounsm They do not have
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eVidence that at present It IS decreasmg tOUrIst VISits However, foreign tour operators do therr
own health testmg on the beaches to determme that they are safe, so If there any problems they
wJ.11 have 1ITIffiedlate repercussIOns for tOUrIsm

TourIsm as a source of revenue fluctuates considerably, most recently m response to the
Gulf War However, at all tlffies tOUrIsm represents a slgruficant portion of GDP The table
below shows the evolution of tOUrIst receipts from 1985 to 1993 (Annuarre StatlstIque Table 9
13)

TOUrist receIpts ml1hons of Dh

1985
1986
1987
1988
1989
1990
1991
1992
1993

6,100
6,730
7,800
8,276
8,614

10,548
8,822

11,706
11,222

Annual change
452%
1590%
610%
408%

2245%
-16 36%
3269%
-4 14%

1993 receipts from tourIsm, which amount to $1 275 bIllIon, represent 4 53 percent of
GOP Given the close morutormg of beach pollution by tour operators, the possible threat to thiS
revenue source should be taken serIously However unlike other envIronmental costs, thiS one IS
not occurrmg at present, which makes It of somewhat lesser concern than It would be otherwise

84 Land

AgrIcultural land use affects the enVIronment m a several quantifiable ways First, soIl
erosion forces land to be taken out of cultivation, decreasmg agrIcultural production Second, the
yields on margmalland under cultivation decrease sharply m the second or third year Third, sOlI
runoff from eroded land IS deposltmg large amounts of sIlt m IrrIgation reserVOIrs, reducmg the
amount of water avaIlable for IrrIgation and thus the productiVIty of IrrIgated land Fourth, runoff
of fertilIzers IS causmg eutrophication of reserVOIrs, necessltatmg special expenditures to treat the
water If It IS used for drmkmg

A fifth cost of agrIcultural land use IS harder to quantIfy SoIl erosIOn causes water to run
off the land much more qUIckly dUrIng perIods of ramfall ThiS means that water does not have
tlffie to fIlter mto the ground and recharge the aqUIfer ThiS may unpose long-run costs because
the levels of the aqUIfers could drop, however thiS pOSSible cost could not be quantifIed for thIS
study

84a Sod ErOSIOn Decreases Agricultural Production

AgrIcultural experts m Morocco estImate that 22,000 hectares of agrIcultural land are lost
each year due to soIl erosIOn (Mediterranean Basm Study) Calculatmg the lost revenue from thIS
land IS faIrly straightforward Land lost to erosIOn IS typIcally relatively unproductive even when
It IS stIll cultivated, so the team's agrIculture expert estunated average yield at 1000 dirhams per
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year The value of the land taken out of cultIvatIOn may be estlmated based on the present value
of the foregone future mcome stream Usmg a dIscount rate of 5 percent, the value of land lost m
1993 comes to nearly $50 milhon ProjectIOns to 2000 and 2010 are made by applymg the rural
populatlon growth rate, assummg that land lost to eroSIon will grow at the same rate ThIS IS a
major econOIDlC cost compared WIth other envrronmental problems

1993 2000 2010

Land lost per year
Av yIeld on margmal
Value lost per year
DISCOunt rate
PV of 100-year rev stream
Revenue stream m $

22,000
1,000

22,000,000
005

436,654,024
49,619,776

23,262 25,191
1,000 1,000

23,261,965 25,191,367
a 05 005

461,701,401 499,995,981
$52,466,068 $56,817,725

B4b Decreased ProductIvity of Margmal Lands

The team's agnculture expert estlIDated that 80,000 hectares per year of margmalland are
converted from natural vegetatlon to agnculture These lands are qUIte productIve the frrst year
they are cultlvated, but therr productIVIty drops off sharply m the second or thrrd year as they
rapIdly become eroded The agnculture expert estlmates thIs one-tlme drop m the value of yIeld
to be 680 drrhams Assummg that the rate of converSIOn of margmal land to agnculture mcreases
WIth rural populatIOn growth, we denve the followmg losses m 1993, 2000, and 2010

1993 2000 2010

Hectares newly cultlvated/year 80,000 84,589 91,605
Drop m value from erOSIOn 680 680 680
Total drop (one-tlme) m drrhams 54,400,000 57,520,496 62,291,379
Total drop m $ $6,181,818 00 $6,536,420 00 $7,078,566 00

B4c Reduced EffiCIency of Dams Due to SedImentatIOn

Siitatlon of dams IS one of Morocco's greatest concerns WIth respect to the economIC
lIDpacts of soil erOSIon When dams silt up, the amount of water available m the reservorrs for
rrngatIOn decreases, thus decreasmg the amount of land WhICh can be rrngated Irngated land IS
qUIte valuable, so thIS represents a sIgmficant economIC loss to the country The team's
agnculture expert reports that the eqUIvalent of 5,000 hectares a year of IrrIgated land are lost
each year because of dam siltatIon The average yIeld of thIS land IS about valued at 8,000
drrhams The value of thIS land IS calculated as the present value of the lost mcome stream, m
1993 thIS come to some $90 millIon ProjectIOns to 2000 and 2010 assume that sl1tatlon WIll
mcrease WIth rural populatIon growth, as more land IS subject to eroSIOn
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Land lost to sIltatIOn 1993 2000 2010

Loss of productIve land m hectares 5,000
Av y1eld on rrngated land m drrhams 8,000
Value lost per year m drrhams 40,000,000
D1scount rate 0 05
PV of future revenue stream 793,916,408
Revenue stream m $ $90,217,774

Clearly thIS IS a very sIgmficant economIC loss

5,287
8,000

42,294,483
005

839,457,092
$95,392,851

5,725
8,000

45,802,485
005

909,083,601

***

84d Cleamng Dams from EutrophicatIon Problems

AgrIcultural runoff leads to eutrophIcatIOn of the water m the reserVOIrs When the
reserVOIrs are a source of dnnkmg water, addItIOnal treatment may be needed pnor to the
standard dnnkmg water treatment process ONEP IS experImentmg WIth mtroducmg carp mto the
reserVOIrs to reduce levels of orgamc matter So far they have trIed thIS m fIve reservorrs, at a
cost of about 800,000 drrhams each

Cost for dam treatment
Dams treated smce 1989
Total expendIture
Total expendIture m $

800,000
5

4,000,000
$454,545

So far thIS cost has been low However It could mcrease m the future, as agrIculture and the use
of agrochemicals mcreases

85 Natural-VegetatIon Based Economic ActIvity, Forest Resources

Forest resources are used for a WIde range of purposes by local commUnItIes The most
ObVIOUS 1S as a source of fuelwood, others mclude bUIldmg matenals, crafts matenals, game
meat, tradItIOnal medicmes, food sources, tounsm, and so on The degradatIon of forest
resources cuts mto all of these uses Unfortunately, the only one that can readIly be quantIfIed IS
fuelwood The estImate of the value of lost forest resources must therefore be regarded as a
lower bound, WhICh could easlly be tw1ce as hIgh If we mcluded the other uses WhICh are
compatIble WIth sustamable fores management

Forest resources are bemg degraded by a number of dIfferent actIVItIeS, mcludmg

• overgrazmg
• overcuttmg for sale m urban markets
• overcuttmg for local use
• cuttmg m order to convert land to agnculture
• cuttmg for constructIon purposes
• forest frres

StatIStICS dlsaggregatmg the loss of forest resources mto each of these categones are not
avaIlable There IS a commonly CIted estImate that 30,000 hectares of forest land are lost each
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year Based on an estlITlate of the prodUCtIVIty of thIS land If managed sustamably for fuelwood,
we can value tlns loss as shown below The growth of forest degradatIon over tlITle IS calculated
based on rural populatIon growth rates

Forest Loss 1993 2000 2010

Hectares lost/year 30,000 31,721 34,352
YIeld per hectare m steres 5 5 5
Kilos per stere 100 100 100
Cost of fuelwood per lalo m Dh 1 1 1
Lost value m dIrhams 15,000,000 15,860,431 17,175,932
Lost value m $ $1,704,545 $1,802,322 $1,951,810
dIscount rate 005 005 005
Lost value of
mcome stream $33,831,665 $35,772,319 $38,739,358

Note that thIS assumes that the decrease m supply of forest products IS not enough to cause
an mcrease m pnce of forest-based goods and servIces, partIcularly fuelwood As the supply of
fuelwood decreases, the value of the remammg resource mcreases, at least up to the pomt at
WhICh substitute goods or serVIces are more economIcal for the consumer (e g alternate cookmg
fuels are less expensIve than wood) Thus we could not value the entire forest at the value of
what IS lost, however m the absence of eVIdence that fuelwood pnces are gomg up at present, It
IS acceptable to use the current pnce to value everythmg lost

Also note that thIS does not take mto account the value of the agncultural productIon on the
land WhICh IS converted from natural vegetatlon to cultlvatlon Presumably the mdividual farmer
IS better off WIth agnculturalland than forest, that IS, the yIeld from the land IS greater under
cultIvatIon than If harvested sustamably for fuelwood In fact, that IS consIstent WIth the data
above Harvested sustamably for fuelwood, a hectare of hilly forest land would brmg m 500 Dh,
If we accept the estlITlated growth rate of 5 steres/hectares Cultlvated, the agncultural data CIted
above suggest an annual average return of 1000 Dh on margmal land ThIS IS compounded by a
land tenure system m WhICh farmers can retam land WhICh IS cultlvated, but forests belong to the
state and theIr harvest IS illegal, creatmg an mcentive for farmers to cut forest and convert land
to agnculture

C Summary of Economic Impacts

The table below summarIZes the econOffilC lITlpacts reVIewed m thIS annex If we mclude
the foregone mcome from Juvenl1e dIarrhea deaths, then samtatIOn problems lITlpose the greatest
economIC costs at thIS tlITle Soil erOSIOn comes m second, It would be fIrst by a WIde margm If
we dIdn't mclude foregone mcome from dIarrhea deaths Forest degradatIOn IS next at present
Arr pollution, mdustnal water pollutIOn, and domestic solId waste are far below the other cost
areas

Future costs present a somewhat dIfferent pIcture, for several reasons Frrst, because urban
populatIOn IS growmg rapIdly while rural populatIOn IS growmg very slowly, urban problems
such as sarutatIon and mdustrIaI pollutIOn are lIkely to grow faster than rural ones lIke erOSIOn
and forest degradatIon Second, and perhaps more lITlportantly, several major potential costs are
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not beIng experIenced now, but may arIse In the future The most Important of these IS the
damage WhICh unsamtary beaches could cause to the tOUrIst Industry, WhICh accounts for more
than 4 percent of GDP Threats to the fIShIng Industry from Industrial and domestic pollution,
and to Moroccan export mdustnes from the ImpOSItIOn of the ISO 9000 and ISO 14000 standards
In Europe are also a pOSSIble source of major costs Because these could be very hIgh. concern
about domestIc and IndustrIal pollutIon IS essential
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ISource of Cost I Current Cost I Future Cost" I
AIr PollutIon

Lead $38 M $55 M

Health Impacts of air pollutIOn $04 M $06 M

Cleanmg costs $87 M $13 M

IndustrIal Water PollutIOn

Dnnkmg water treatment $35 M

Phosphate Impacts on fishenes 0 up to $150 M

Domestic PollutIOn

Diarrhea medical care $20M $30 M

Diarrhea foregone mcome $160 M $240 M

Other disease - medical care $41 M $62 M

Other disease - foregone mcome $49 M 74 M

Landfill exposure $075 M $135 M

Beach contammatIOn O? up to $1,275 M

Land

ErOSion $496 M $596 M

Decreased productivity $61 M $68 M

SIltatIOn $90 M $100 M

EutrophIcatIOn $05 M ?

Natural Ecosystem DegradatIOn

Forest DegradatIon $33 M $373 M

"Average of 2000 and 2010 projected costs
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ANNEX C
STATUS OF SURFACE AND GROUNDWATER

A Basms of Morocco

Al Sebou Basm

Surface water In general, the qualIty of the surface water m the Sebou Basm IS farr to
poor, except m the upstream areas where the qualIty IS good The waterways of the left bank of
the Sebou are the most senously affected by pollutIon On the other hand, the qualIty of the
water m the waterways on the nght bank IS much better, except m the area nnmedIately affected
by the dIscharge of mumcipal waste from the CIty of Taza

The declme m the qualIty of the surface water IS mamly due to the dIscharge of wastewater
from urban areas such as Fes, Meknes, Sidl Kacem, Sefrou, and Kheffilsset Moreover, there are
dIscharges from some mdustrial plants located along the waterways, such as sugar refmenes that
pollute the Beht Oued and oil refmenes that pollute the R'dom Oued The sugar refmenes
operate when water levels are low, and tIllS causes further detenoration m the qualIty of the
water m nvers

The pollutIon generated by the CIty of Fes causes the worst detenoratIOn of water qualIty m
the basm Mumcipal effluent from Fes IS dIscharged mto the Fes Oued WhICh passes through
Medma before It emptIes mto the Sebou Oued ThIS effluent IS the mam cause of health problems
and nUIsances because the oued's abIlIty to dilute and punfy Itself naturally are hIghly lImIted and
unable to aSSImIlate all of these dIscharges The water there has a very low oxygenatIon capacIty
WhIch drops to zero downstream from Fes The water IS heavily laden WIth bIodegradable
orgamc matter The content m mtrogen components and phosphorous compounds IS hIgh and
there are substantIal amounts of pathogemc orgamsms

Groundwater

• Fes-Meknes water table The mmeralogical, orgamc and bactenoiogical qualIty of the
water table IS satIsfactory The factor that lowers the grade of water qUalIty IS mtrate
concentratIOn, WhICh exceeds the natIOnal dnnkabIllty standard (50 mg per lIter) at
approXImately 27 percent of the pomts ThIS pollutIOn IS probably caused by water
mfiltratIon from rrrIgatIOn water laden WIth rutrogen and local contamInatIOn from wells
due to hygIene problems

• Gharb water table The water IS of farr ffillleralogical qualIty However, total qualIty IS
generally medIOcre for OXIdIZable matter The bacterIologIcal qUalIty IS rather
satIsfactory

• Maamora water table Water mmeralIzation IS satIsfactory overall except for a few
wells located on the coastal frmge where qualIty IS very poor Overall water qualIty has
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declmed due to the concentratIon of oXIdIZable matter that vanes from 12 to 40 mg per
I1ter

A2 Oum Er Rbla Basm

Surface water Overall water quahty IS good to farr except for the area located Just
downstream from the domestIC dIscharges from the CIty of Kasba Tadla In thIS area there IS no
water oxygenatIOn at all There IS a substantIal amount of orgaruc matter and the content m
mtrogen components and phosphorous compounds IS hIgh The mmeraloglcal, orgamc and
bacterIologIcal quahty of the water m all the reservorrs m the basm IS satIsfactory

Groundwater The orgamc and bactenological quahty of the Tadla water table IS
satIsfactory overall However, the mmeraloglcal quahty has declmed sharply ThIS IS the result of
hIgh condUCtIVIty values measured maInly m the Bem Amrr water table, and the SituatIon IS
caused by hIgh mtrate concentratIons measured at several pomts m the Beru Amrr and Bem
Moussa water tables The use of rutrogen fertIlIZer and the mfIltratIon of domestIC and mdustnal
waste water are the prmcipal sources of pollutIon of the Tadla water table

A3 Tenslft Basm

Surface water The qualIty of the water m the TensIft Oued IS farr to very poor Qual1ty IS
very poor upstream and downstream from the City of Marrakech as a result of discharges of
mumclpal effluent QualIty Improves slIghtly mIdway down the Tenslft In addItIon to orgamc
and bacterIologIcal pollution, a hIgh content of toXIC substances of mdustrlal ongm has been
observed m the waters of Tenslft Oued downstream from Marrakech The water of the Tenslft
Oued's tnbutanes IS generally satisfactory ThIS IS also true for the water held back by the Lalla
Takerkoust Dam

Groundwater

• Haouz water table The overall quahty of the Haouz water table IS qUIte satIsfactory
except at certam pomts to the Northeast where there IS slgrufIcant mmeralIZatlon
Quahty m the Marrakech sector IS poor due to the dIscharge of CIty sewage
Bactenoiogical contammatlon and high rutrate content are well above the natIOnal
drmkablhty standard of 50 mg per lIter, both have been observed at these pomts

• EssaoUlra synclme and KourllDat reserVOIr The water table IS slIghtly polluted by
mtrates The bacterIological qualIty of the water IS very poor, espeCially North of the
water table

• Bahlra water table The orgaruc quahty of the water IS generally satIsfactory, but the
water IS shghtly contammated by bactena ThiS IS due to lImIted surface protectIon for
most of the wells
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A4 Souss Basm

Surface water Overall water qUalIty IS generally satisfactory except at the mouth of the
oued where the water becomes polluted by the mumcipal sewage of Greater Agadrr The raw
mumcipal sewage from Oulad TallIla flows fitO the nuddle sectIOn of the Souss Oued

Groundwater The coastal water tables have very hIgh salImty levels because of the
mtruSIOn of sea water SalImty IS hIghest m the areas where the water table has been senously
overused In the Chtouka Valley, mtrate concentratIons reach 60 mg per lIter Large farms m thIS
area cause such hIgh concentrations Orgamc pollutIon and bactenoiogical pollution of domestIc
ongm are observed partIcularly m areas where there are domestIc and mdustrial dIscharges
(Agadrr and Oulad Talffia) The bactenological pollutIon of wells m rural areas due to local
pollution IS because of InsufficIent well protectIOn The wells are used for dnnkmg Household
waste IS responsIble for much of the pollutIon of groundwater, pnmarily m the regIon of Greater
Agadrr ThIS waste IS frequently dumped at SItes that are vulnerable to pollutIOn, such as quarnes
and locatIons near resIdences

AS Loukkos, Mediterranean and Tangier Coast Basms

Surface water Surface water qualIty IS relatIvely satIsfactory, except for the areas located
downstream due to dIscharges from the urban areas of TangIer and Tetouan ThIS IS true, for
example, of the Martl1 Oued mto whIch all of the sewage flows, both domestic and mdustrIal,
from the CIty of Tetouan DIscharges of thIS effluent cause the receIvmg body of water to be
laden WIth bIodegradable orgamc matter, pathogemc orgamsms, and tOXIC elements of mdustrIaI
ongm

The phYSICal and cheffilcal qualIty of the surface water m the Loukkos Oued IS generally
satlsfactory except downstream where dIscharges released by the CIty of Ksar EI Kebrr where
bactenoiogical pollutIon has been observed ThIS pollutIon may be caused by contammatIOn at
certam pomts from domestIC and mdustrIaI dIscharges, most likely from sugar refmenes m the
lower Loukkos

Groundwater The orgamc and bactenoiogical qualIty of the Martil water table IS poor,
partIcularly on the left bank of the Martil Oued The other water tables-R'Mell de Larache,
Cherf EI Akab, Fmdeq, etc ,-have satIsfactory water qualIty However, the qUalIty of the water
m the Smrr water table IS poor locally

A6 Moulouya Basm

Surface water In general, the qualIty of the surface water m the Moulouya Basm IS
satIsfactory except m the followmg areas

• The Isly Oued, downstream from the dIscharges of the CIty of OUJda, the pollutIOn IS
mamly orgamc

• The Cheraa Oued, downstream from the CIty of Berkane, the bactenoiogical and orgamc
qUalIty IS poor
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• Downstream from the Moulouya Oued, water qualIty IS faIT due to slIght organIc
pollutIon caused by dIscharges from the Zalo sugar refmery

The quahty of the water held back by the Mechraa Hommadl and Mohamed V Dams IS
satIsfactory

Groundwater The sheet water m Angads IS of poor qualIty East of OUJda due to hIgh
nItrate content The mfIltratIOn of sewage destmed for the sewage farm IS at the root of thIS
problem The sheet water m Tnffa IS of rather satIsfactory qualIty for orgamc and bactenologlcal
matter However, the nItrate content exceeds the drmkabilIty standard of 50 mg per lIter at
several wells located on farms m Tnffa

B Impact of Domestic Sewage Pollution

Bl Impact on Health

Impact may be dIrect or mdlrect as follows

Direct Impact ThIS mamly affects farm workers, as certam parasItes such as hookworms
and SchIstosome may pass through the skm There are 7,000 hectares Irngated usmg wastewater,
and the population IS estImated to be 100,000 ThIS also affects the chIldren who play or bathe m
wastewater, mamly when the water level IS low This populatIon IS estImated to be 10,000
chIldren Fmally, thIS affects people who use the oued water contammated by waste water ThIS
populatIon IS estImated to be 10,000 people

Indirect Impact ThIS IS due to the consumptIon of crops from fIelds Irngated usmg raw
sewage The products are vegetables eaten raw and products of ammal ongm such as beef (for
Taema) and ml1k that contams certam tOXIC substances The number of people Impacted IS
estImated at 30,000

N B The estImates of the number of people affected are not based on any surveys, studIes or
StatIStiCS The estImates proVIded may be off by a factor of three or more

B2 Impact on the Economy

ThIS Impact IS caused by

• The declIne of surface water qualIty, WIth eutrophIcatIon of nvers and water held back
by dams and groundwater (NB (1) The ONEP dId not supply the cost of treatmg
eutrophIC water held back by the dams, and (2) PrIce of dnllIng a well = Dh I 5
mIllIon per well 100 m deep )

• The threat to flshmg resources and tounsm (see Annex B)
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B3. Impact on BIOdIversIty

thIS IS the result of the declme of fauna and flora m the aquatic ecosystems These areas
are deficIent m fauna and flora, so the lITlpact IS consIdered neglIgIble

B4 Impact of Sohd Waste

Health The lITlpact IS a result of

• The mfiltratIon of "JUIces" mto the water tables from household waste and tOXIC
products m landfills ThIS rIsk of lITlpact IS partIcularly hIgh m rural areas where water
IS drawn from wells An estImated 10,000 people are affected by thIS problem

• Drrect contact WIth garbage by people who collect Items for recyclmg An estImated
10,000 people are affected

• People lIvmg near the landfills who Inhale polluted fumes thIS affects an estimated
10,000 people

The economy ThIS lITlpact IS caused by the cleanup of contammated water and the
replacement of condemned wells Currently, thIs cost may be consIdered neglIgIble, because the
actual structures contamInated are wells and sprmgs m rural areas that are not really morntored

BS Impact of PollutIOn InCIdents

Health ThIS IS the result of dumpmg tOXIC products mto waterways or reservorrs and IS
caused by

• traffIC aCCIdents
• the neglIgence of people hvmg m the VICffilty who dIscharge pollutants
• the use of pestIcIdes

The repercussIOns on health may be consIdered neglIgIble at thIS tlITle

The economy ThIS IS the result of the cost of treatmg polluted surface water and replacmg
condemned AEP wells Currently, thIS cost may be consIdered neglIgIble

BIOdIversIty ThIS IS due to the destructIOn of the fauna and flora m the ecosystems,
mcludmg surface water, groundwater, and the soil The waterways and water tables are defICIent
m worthwhile microorgarnsms Consequently, the lIDpact of pollUtion mCIdents may be
consIdered neglIgIble
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ANNEX D
CONTACTS

MInistry of Agriculture

Mme BencheIkh Hma Chef de la DIvIsIon de la CooperatIOn

MInIStry of Agriculture, DIrectIon des Eaux et Forets

Mr El Mastour Abdellah
Mr Carbele
Mr Laarbi Didouquen
Dr Hlal Elrod
Mr Abdelmalek Benabld
Mr Abdeiall Machrouh

MInIStry of Commerce and Industry

Mr Jmyeh Ahmed
Mr Beneyada Mohammed

MImstry of MarItnne FISheries

Mr Mohamed Tangi
Mr ChafIk Abdelgham

Mr BernoUIssi Abderrahmen

Mme Kadm KhadiJa
Dr Sebro

MInIStry of Tourism

Mr Dnss El Khazzam

MImstry of Energy and MInes

Mr El Orf M'hammed

Prmciple Forestry Engmeer
Drrector
Forest Engmeer, Toubkal NatIOnal Park, Marrakech
Forest EconOlllist, NatIOnal Forestry School
EcologIst, NatIOnal Forestry School
Remote Sensmg Expert, NatIOnal Forestry School

Chef de la DIVIsIon PromotIon et Envrronnement
Chef du SerVIce de la ProtectIon de
1,Envrronnement

Drrector of InternatIOnal RelatIons
Chef, SerVIce Etudes de la PollutIon ChlIllique,
Institut Supeneur de la Peche MarItlme
Chef, ServIce MicrobIOlogie Marme, Institut
Supeneur de la Peche MarItl1lle
Junste, Institut Supeneur de la Peche MarItlme

Drrector of Investments and EqUIpment

Chef du ServIce de l'EconomIe, de l'Energle, et de
1'Envrronnement
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Mr Hatllll1 Abdelmajld
Mr Benaru Mohammed

Mr Abdelhak FakIharu

MlDlstry of PublIc Works

Mr Ourzlk Abdelouahad
Pubhc
Mr El Menru M'hammed
Naturels
Professeur Agouml All

Mr Foutlane AlI

Mr Lahoussame EchIhabl Ben SmaIl

MInIstry of InterIOr

Mr BousfJ.ha Abdelhal
Mr Lamme Moustapha
Mr Alt Ouadl Abdallah

Mr Reffouh Abdelhatif

MlDlstry of InterIOr, Under-SecretarIat
for the EnvIronment

Mme Layashl
Mr Mdarhn AlaoUl EI Keblr
Mr Hadj Mabrouk Ezedme
Mr Bouleflouch Jaafar

Mr Arrul Mourad
Mme Boazza Bouchra
Mr Benyahla Mohamed

Mme Chefal

Ingerueur Megallurgiste
Ingerueur des Mmes, Chef du ServIce Mmeralurgle
et Metallurgle
Drrector, School of Mmes, Marrakech

Professeur, Ecole NatIonale de I'AdmmistratIOn

Ingerueur d'Etat, Cellule Quahte des Mlheux

Conseiller du Mmistre, "QualIte des MIlIeux
Naturels"
Chef du Departement PollutIon et Assalll1ssement,
ONEP
Ingerneur ChImIste, Chef du Departement Eau,
Adjomt du Drrecteur du Laboratorre Quahte des
Eaux,ONEP

Duecteur de I'Urbarnsme
Ingerneur Hydrauhque, Agence Urbame de Fes
Ingemeur, Drrectlon d'Eau et d'Assalll1ssement,
DrrectIon Generale des CollectIVltes Locales
Ingerneur, DuectIon d'Eau et d'Assairnssement,
DrrectIon Generale des Collectivites Locales

DIrector of InternatIOnal CooperatIon
Coordonnateur Pnnclpal
ConseIller TechnIque
ArchItect, Coordmator of EnvIronmental Impact
StudIes Urnt
HydrogeologIst, EnvIronmental Impact StudIes Urnt
EconomIst
Ecotoxicologue, Coordonnateur du Project GestIon
de I'Environnement
Laboratorre
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MInistry of Pubbc Health

Dr A Zerran

Private Sector

Mme EI HaItI Halama

Mr Agouzzal Moulay Mouh

NonGovernmental OrgamzatIons

Mr Le It Ajana Ahmed !chI

Mr DIeter Hoffmann

USAID Staff

Mr Jeff Allan
Mr Taylor George

Ms Molly Kux
Mr ChrIS Perrme
Ms JoAnne Garbe

Ms Tma Rouse
Mr Alan Hurdus
Ms Irna Kerst
Mr MIchael Kerst
Mr RIchard Scott
Mr J lID Hradsky
Mr Berrada Tabar
Mr Chraibi Mohammed
Ms Helen Soos
Mr MIchael Farbman

USAID Project Staff

Mr Phil Roark
Mr Mohamed Khatoun
Mr Arthur Belsey
Mr MaurIce Krught

Chef de SerVIce de la Sante infantIle

E A U Globe EnvIronnement, Amenagement et
Urbamsme, Fes
Admmlstrateur DeIegue, SOcIete Nouvelle des
HU1lenes de Meknes

Coordmator, Royal FederatIon For Moroccan
Huntmg, Rabat
Coordmator, BIrd LIfe Internanonal

Agncultural Speclallst
ReglOnal Coordmator - ASia and North AfrIca,
EnVIronment Center
Bureau EnVIronment OffIcer, ASia

BIodIverSIty ConservatIon Fellow, Human CapaCIty
Development Center

RHUDO OffIce, USAID/Morocco

ASSIstant DIrector, USAID/Morocco
RHUDO OffIce, USAID/Morocco
RHUDO OffIce, USAID/Morocco
Program Development Officer, USAID/Morocco
MIssIon DIrector, USAID/Morocco

Tadla Project SupervIsor, Chemomcs InternatlOnal
Surveys and EvaluatIon Specmllst, Tadla Project
IrngatlOn Engmeer, Tadla Project
Envlfonmental PollutlOn ProtectIon Project,
Washmgton
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Ms Pamela Mandel

U.8 Peace Corps

Ms Romona Muller
Ms Wendy Marshall
Ms Dawn-Mane Roberts
Mr Tom Anderson
Mr Dave Doctor
Mr Kelly Graham
Ms Jessca Jaeoby

U 8 Embassy

Mr John Wl1son
Mr Mike Ratney

Other Donor AgencIes

Ms Laura Ralffiondo

Mr Serglo Calegan

Mr Hans-Peter Muller

Dr -Ing Otto Schmidt
Mr Marc Clausse

Mr Rene Roudaut

Mr Jean-Paul Florese

Mr Andreas Beckermann

Others

Mr Lahcen Alt Abdellah

Mr Mohammed Abouflrassl

Mr Abdelhak Lahman Bennam

Officer m Charge, Morocco, Turusla, Algena
(USAID/W)

Associate Peace Corps Director
Volunteer, Toubkal National Park
Volunteer, Toubkal NatIOnal Park
Volunteer
Volunteer
Volunteer
Volunteer

Agncultural Attache
Economist

Economist, Infrastructure Operation DIVISion,
Maghreb and Iran, World Bank, Washmgton D C
Ingerueur Sarutalre Prmclpal, DIVISion
Infrastructure, Departement du Maghreb et de
I'Iran, World Bank
Chef de ProJet, CooperatIOn Techruque Maroc
Allemande
Chef de MISSion de Coop Maroc-Allemande
Consel1ler AdJomt pour la Cooperation SClentlflque
et Techruque, Ambassade de France au Maroc
Consetller Culturel, SClentlflque et de CooperatIOn,
Ambassade de France a Rabat
Attache de Cooperation Techmque, Ambassade de
France au Maroc
Affarres de Cooperation, Ambassade de la
Repubhque Federale d'Allemagne, Maroc

TlZl Oussem Vtllage Guest House, Toubkal National
Park
Ingemeur en Chef, Resources Ingemene Resmg,
Marrakech
Drrecteur, Production Agncole Mllllstere de
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Mr Touhenu Kadm Bouehra

Mr Fouzl1la El Alaml

Mr Thaml El Alaml

Mr Jdl E1 HabIb

Mr Ahamed El Harmoshl
Mr Moha Khana

Mr Abdeslam Khardl

Mr Mohamed Khatoun
Mr Lahcene LJouad

Mr Abdelall Machrouh

Mr Mark Powell

Mr Mohamed Waknm

Mr M Zakana

l'Agncu1ture et de 1a MIse en Valeur Agnco1e
Techmclenne, 2eme grade SubdIvIsIon du SVOP
ORMVA Tefha1et Errachldla
Ingemeur Agronome Ingemeur Agronome ServIce
de 1a productIOn agnco1e Responsab1e des
expenmentatlons a l'ORMVAT Tefhalet StatIOn
Am E1 Attl (Sa1lffity) Errachldla
DIVISIon de la Rehablhtatlon et de 1a ConservatIon
des Terres Agnco1es Mlffistere de l'Agncu1ture et
de 1a MIse en Valeur Agnco1e, Admlffistratlon du
Geme Rural
Ing d'apphcatIOn au ServIce Forestler de
Chefchaoun Chefchaoun
Chef de Bureau de PestIcIde MAMVA
Ingemeur Agro-Pedo1ogue ORMVA Tefha1et
Errachldla
Ingemeur Agro-pedo1ogue Cellule de lutte contre la
desertIfIcatIon ORMVA Tefhalet Errachldla
SpeclalIste SUlVI et Evaluation ProJet MRT
DIVISIon de 1a RehabIlItation et de la ConservatIon
des Terres Agncoles Mlffistere de l'Agnculture et
de la MIse en Valeur Agncole, Admlffistratlon de
Geme Rural
Lecturer Remote Sensmg/GIS Ecole NatIOna1e
Forestlere d'lngemeurs
Fellow, Center for RISk Assessment, Resources for
the Future
Chef de 1a DIVISIOn de la RehabIlItatIon et de 1a
ConservatIon des Terres Agnco1es Mlffistere de
l'Agnculture et de 1a MIse en Valeur Agnco1e,
AdmlffistratIOn de Geme Rural
Chef de SerVIce des etudes et proJets de nuse en
valeur ProductIOn Agncole Mlffistere
del'Agnculture et de la MIse en Valeur Agnco1e
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ANNEX E
NATURAL ECOSYSTEMS

A. IntroductIOn

Morocco IS very dIverse ecologIcally There are four major mountam systems WhICh serve
as physIcal barners separatmg the mtenor from southern and eastern Saharan deserts The RIf
mountams border on the MedIterranean Sea m the north The MIddle Atlas mountams extend m a
northeastern-southwestern drrectlon along the eastern thrrd of the country The HIgh Atlas
mountams extend from the southern I1mlt of the MIddle Atlas mountams toward the AtlantIC coast
to the west The AntI Atlas mountams extend m a general east-west drrectIOn to the south of the
HIgh Atlas

There are seven chmatIc areas Saharan, And, SemI-And, Sub-HUmId, HumId, Pre-HumId
and HIgh Montane The percent of ramfall dIStrIbutIon m Morocco can be separated mto three
broad regIOns

• 78 percent m the Saharan regIon (less than 250 mIllImeters of ram per year)
• 15 percent m the SemI-And regIOn (250-500 ml1hmeters of ram per year)
• 7 percent m the HUmId and Sub-HUffild (more than 500 ml1hmeters of ram per year)

Morocco mamtams dIverse land use categones These land uses are composed of

• 10 3 percent cultIvable land
• 6 1 percent natural forests
• 0 6 percent pnvate/pubhc reforested lands
• 5 0 percent Alfa grasslands
• 31 8 percent rangelands outSIde of forests
• 46 8 percent non-productIve lands
• 1,835 lalometers of coastlme

B Natural Ecosystem Problems

Bl Forest Resources

Forest resources prOVIde an Important ecologIcal functIOn They reduce water and wmd
eroSIOn, mcrease soll fertIhty and prOVIde habItat for wl1dhfe Of partIcular Importance to
Morocco IS the fact that forest cover facIhtates the mfl1tratIOn of water mto the soll and ground
water system

Forest resources have been used for fuelwood and constructIon matenals m Morocco smce
the tune of the Romans Deforestatlon m Morocco IS occurrmg at a hIgh rate and IS most severe
mEl HocIma, Azllal, Agadrr and Taza Between 29,000 and 31,000 hectares of forest are
converted to other land uses per year If thIS trend contmues, 30 percent of Morocco's eXIstmg
forests my be lost by the year 2020 (USAID, 1988 ) Accordmg to the World Resources InstItute
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(WRI 1992-3), average annual deforestatIon was 04 percent per year between 1981 and 1985
(although for purposes of companson, the rate was 1 1 percent m all of North Afnca and 2 2
percent m West Afnca)

DeforestatIon m Morocco IS attrIbutable to a number of causes

• Agncultural expanSIOn on to margmal lands

• Reduced avatlabIhty of hvestock grazmg lands due to agncultural encroachment

• The absence of suffIcIent energy alternatIves m the rural areas Wood resources are the
most Important fuel source m Morocco and represents approxImately 40 percent of the
total energy consumed (Duval, 1988, USAID CDSS, 1988 ) BIomass constItutes 90
percent of the energy used by rural populatIons m Morocco (UNCED, 1992)

• Poor enforcement of Morocco's land use laws (20 percent of the country's forest areas
are reqUIred by law to be closed to grazmg at anyone tIme However, thIS law IS not
always effectIvely enforced) There IS also a tradItIon of essentIally unrestrIcted use of
publIc resources coupled WIth the breakdown of the tradItIOnal control mechamsms
(Duval, 1988 )

• PopulatIon growth Although overall rural growth rates are less than 1 percent per year
(AnnualTe StatIstIque, Table 1-3), m some areas they may be much hIgher, placmg
pressure on the resource base

DeforestatIon has been partIcularly severe m the Rlf mountams m northern Morocco The
remammg forests mclude Evergreen Oak (Quercus sapo), Cork Oak (Q suber), Moroccan FIr
(Ables pensapo) and Cedar (Cedrus atlantica) DeforestatIOn also a problem m the MIddle and
HIgh Atlas mountaIns, but usually not as severe Tree speCIes In the southern HIgh Atlas often
mclude Aleppo Pme (Pmus halepensls), PhoemcIan Jumper (Jumperus phoemcea) and Evergreen
Oak (USAID, 1980)

In the southern HIgh Atlas mountaIns, the deforestatIon of PhoemcIan Jumper IS a major
problem ThIS tree IS often used for fuelwood by farmmg commumtIes m the regIOn As human
populatIon denSIty IS mcreasmg, the Jumper trees are becommg more scarce The problem IS
exacerbated by an mcrease In the number of goats and sheep m the area These lIvestock anImals
are consummg Jumper tree regeneratlon and destabIhzmg the soIl

Contmuous unsustamab1e use of forest resources IS leadmg to soIl eroSIOn, watershed
degradation and loss of Important plant and wIldhfe habItat The potential economIC Impacts
assOCIated With deforestatIon mc1ude

• DegradatIon of non-tImber resources (e g , cork oak, medicmal plants, mdIgenous
agncultural crop speCIes)

• Potential loss of broad-based mcome aSSOCIated WIth the expansIOn of tounsm away
from the coast and mto protected areas located m Morocco's mtenor
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• A loss of mcome and agncultural productIon and potable water resultmg from watershed
protectIon

• The loss of wood fuel energy resources m rural areas

SpecIfIC condItIons usually requIred for the sustamable management of forest resources
mclude

• A sound natIonal and regIOnal polIcy context (e g , regulatIons, polICIes, mcentlves)
• Capable human resources
• Clear natIOnal objectIves and management plans
• InformatIon base (e g , regIOnal lessons learned, area specIfIc management plans,

database)
• Commumty partICIpatIon m forest management
• UtIlIzatIon of sustamable land use practIces (whIch are supported by government

polICIes)
• Momtormg of bIOlogIcal and economIC nnpacts and ecosystems (The benefIts from

momtormg should be used for the sharmg of lessons learned, use of consIstent
methodology by mternatIonal commumty, momtormg changes m ecosystems)

Morocco has a polIcy of reforestatIon whIch has led to 13,000 hectares reforested annually
m Morocco durmg the penod of 1981-1985 (DIrectIon Water and Forests, 1991 ) These efforts
mcluded

• 45 percent productIon plantatIons
• 17 percent plantatIOns for protectIOn of watersheds
• 2 5 percent plantatIOns for erOSIOn control
• 13 percent pastoral plantatIons
• 18 5 percent landscapmg
• 4 percent demarcatIOn boundarIes (Dept of Water and Forests, 1991)

B2 Range Resources

LIvestock management represented approxnnately 17 percent of Morocco's agncultural
employment m 1981 Approxnnately 95 percent of the populatIon workmg m the agnculture
sector are mvolved m anImal husbandry Of those people, 18 percent are completely dependent
on hvestock productIOn and 51 percent are mvolved m both hvestock productIOn and agnculture
(USAID, 1988)

LIvestock populatIons are presently beyond the carrymg capaCIty of lands m many areas of
Morocco For example, the annual productIon of Alfa grass productIon IS 18000 metrIC tons but
the annual harvest IS nearly 30,000 metrIC tons (USAID, 1988) More than 10,000 hectares of
Alfa grass are detenorated each year The problem of overstockIng IS not lImIted to Morocco In
some regIOns of north AfrIca a reductIon 90 percent of the lIvestock populatIon IS recommended
(USAID, 1980)

LIvestock management m Morocco depends upon the use of natural rangelands for grazmg
In order to reduce the nnpact of drought, lIvestock herders are bU11dmg up the SIZe of theIr herds
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dunng years of suffiCIent ramfall In addItIOn, herders are convertrng rangelands to the
productIon of cereal crops on margrnal lands to proVIde forage for theIr anunals Through the
converSIOn of rangeland to cereal crops, natural rangeland IS contrnually reduced The combrned
mcrease of livestock numbers and agncultural expanSIOn are leadrng to severe over-grazrng and
degradatIon of rangelands

Morocco mamtarns approxImately 30,300,000 hectares of rangelands These rangelands
conSIst of 4,393,000 hectares of forest rangelands, 3,158,000 hectares of Alfa grass range, and
22 749,000 hectares of rangelands outsIde of the forest domam (USAID, 1988) Accordmg to
the World Bank, It IS estImated that 1,000,000 cattle, 3,500,000 sheep and 4,000,000 goats graze
on the country's rangeland for more than SIX months a year

83. WIldlIfe and Protected Area Management

Morocco mamtams globally Important resources WhICh need to be sustamably managed and
protected The DIrectorate of Water and Forests (DIrectIOn des Eaux et Forets, E&F) wlthrn the
MInIstry of AgrIculture has the admInIstratIve responsIbIlIty for managmg Morocco's protected
areas Wlthrn the E&F, the DIVISIon of Huntrng, Flshrng and ProtectIOn of Nature conducts the
dally ImplementatIon of polIcy and fIeld actIVItIes

There are eIght NatIonal Parks m Morocco Talassamtane, Al HocemIa, Tazekka, Ifrane,
North HIgh Atlas OrIental, Toubakal, Dakhla, Souss-Massa In the future, there wIll be ten
offICial natIOnal parks m Morocco Seven of the planned natIonal parks have management plans
completed The remammg three natIonal park plans are bemg prepared Germany and the World
Bank are provIdmg aSSIstance for the development of these plans

Smce 1992, the DIVISIon has been m the process of developmg an overall NatIOnal Plan for
Parks and Protected Areas WIth technIcal aSSIstance from Germany The plan IS presently m draft
and addresses Important natIonal parks, wetlands and coastal resources It also contams project
proposal and InformatIOn on each of the ecosystems

One-hundred and fIfty Important ecosystem SItes have been IdentIfIed m the plan for
management Each of these SItes have been placed mto one of two pnorIty categones The
CrItena for placement m these categones are mdlcated below

PrIOrIty I SItes

• EXlstmg natural reserves whIch should be upgraded wlthm fIve years
• SItes WhIch are at hIgh envIronmental rIsk
• SItes WhIch have hIgh Importance for bIOdIVerSIty and prOVIde Important ecologIcal

functIOns for the regIOn
• SItes WhIch contrIbute to the SOCial and economIC eqUIlIbrIum of the regIOn

PrIOrIty 2 SItes

• SItes WhIch should be upgraded wlthm ten years
• SItes WhIch have modern pressures of medIUm magmtude
• SItes WhIch presently have a mmImum of protection
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• Sites which are lffiportant bIOlogICally, but not as high a pnonty as other sites m the
regIOn

The Department of Water and Forests IS begmnmg to make progress m management of
Morocco's protected areas However, there are a number of lffiportant problems, mc1udmg no
natIOnal conservatIon strategy, uncoordmated rural development plannmg, and lack of commuruty
participatIOn m land use deCISion makmg

Morocco's protected areas and lffiportant flora and fauna are relIant on the sustamable
management of watersheds and coastal/wetland ecosystems For example, the Barbary Macaque
(the only prlffiate other than man m North Afnca) relIes on the qUalIty and quantIty of Morocco's
forest resources (USAID, 1980) The management of these resources requIres an mtegrated rural
development approach and mnovatlve polIcy mcentives

In additIon to the protectIon of bIodiverSIty, there IS a great potentIal to mcrease nature
based tounsm m Morocco Tounsm IS an lffiportant mdustry m Morocco For example, there
were 189,000 VISItors to the country m 1984 However, the protected area system has not yet
begun to explmt thIS potential resource (USAID, 1988)

B4 Coastal and Wetland Resources

A number of envIronmental problems are associated WIth the management of Morocco's
coastal resources These mc1ude constructIon associated WIth mcreased human populatiOns, dam
and IrngatIon constructIon, tounsm development and pollutIOn

The pollutIon problems aSSOCiated WIth Morocco's coastal and wetland resources can be
dIVIded mto mdustrIal, agncultural and urban household sources IndustrIal pollutIOn IS pnmanly
a threat to coastal waters More than 90 percent of all cheIDlcals, refuse and other matenals
entermg coastal waters remam there as sedlffients m wetlands, reefs and other coastal ecosystems
(Shumway, 1993 ) The result of thIS pollutIon may be an mcrease m fISh mortalIty, a reductIon m
fISh whIch are safe for export and/or a reduction m the qualIty of fISh and other species habItat

IndustrIal threats to coastal and marme resources mc1ude heavy metals and other chemIcal
effluents from sugar refmenes, tannenes, wood pulp plants and oil refmenes In addItion, plastIC
and other debns (e g , fragments of fIshmg nets) entangle and kill a varIety of marme arumals

The lffiproper use of pestICIdes, InsectICIdes and fertilIZer (rutrate pollutants) are some of
the lffiportant sources of pollutIOn m the agnculture sector Water pollutIon by tOXIC orgaruc
compounds and metals or by nutrIent loadmg from sewage or agncultural runoff can place
bIOlogIcal stress on aquatIC ecosystems For example, chemIcal pollutIOn can prove dangerous to
the food value of edIble fish speCIes and threaten poorly dramed sectors WIth eutrophicatIon
(Wmrock International, 1987 )

PestICIdes from agnculture can become mcreasmgly concentrated and tOXIC m fish and
other speCIes WhIch are relatIvely hIgh on the food cham In addItion, rutrates from fertilIZer
mcrease nutrIents m water systems and can result m eutrophIcatIOn and algal blooms The
exceSSIve ennchment of water resources can reduce the productIVity of fishenes, pollute dnnkmg
water and reduce bIOdIverSIty
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Table Morocco's WIldlIfe Resources

General Information

• 7000 hectares Protected Closed Forests m Morocco m 1980 (WRI 1993)

• 8 National Parks Talassarntane Tazekka Ifrane North High Atlas Onental, Toubakal, AI Hocemla,
Dakhla, Souss-Massa

• 8 Wildlife Reserves MerJa Zerga Bokkoyas Manne and WIIdhfe Reserve, Sid. Boughaba, Kmffiss,
Sidl Chlker Reserve de Cerf Elaphe d Espagne Skhlrate Island Takherkhort

• 1,600,000 hectares are set aSide for protection as parks, reserves and other special management An
addilional 10,000 000 hectares are closed to huntmg every year

• 1 835 kilometers of coastlme

2 Wildlife

• 108 mdlgenous mammals

• Nme mternatlOnally endangered mammal species (U S Fish and Wildlife Service 1979)

Cheetah (Acmonyx Jubatus)
Cuvler's Gazelle (Gazella cuvlen)
Mhorr Gazelle (Gazella dama mhorr)
Moroccan Gazelle (Gazella dorcas massaesyla)
RIO de Oro Dama Gazelle (Gazella dama lozanO[)
Barbary Hyena (Hyaena hyaena babara)
Leopard (Panthera pardus)
Monk Seal (Monachus monachus)
Barbary Sheep (Ammotragus lervla)

• NatIOnally endangered mammal species (USAID 1988)

Dorcas Gazelle (Gazella doracas)
Barbary Macaque (Macaca sylvanus)

• Nme Nationally threatened aquatic species (USAID 1988)

Shad (Alose alose)
Turtle (Caretta caretta)
Turtle (Cheloma mydas)
Turtle (Demochelys conacea)
Turtle (Eretmochelys 1mbrzcata)
Broad Sea Fan (Eumcella verrucosa)
MedIterranean Coral (Coralhum rubrum)
Purple Urchm (Paracentrotus 11Vldus)
Spengbls Freshwater Mussel (Margantifera auncularra Maroccan)

3 Plants
• 4,200 plant speCies (800 of these plant species are only found In Morocco)
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Untreated urban murucipal sewage IS also contributmg to coastal and marme pollutIon Not
unlIke agncultural pollutIon, murucipal pollutIOn mcreases eutrophICatIOn of water resources
There IS often a drrect relatlOnslup between the number of people hvmg next to a flver and the
amount of mtrates m the nver There have also be mCIdents of people lIvmg near wetland areas
who are pumpmg water from protected wetlands illegally for rrngation agnculture

Wetlands assocIated WIth coastal shorelmes and nver floodplams ment speCIal attentIOn In
every case where these wetlands have been studIed, It has been demonstrated that they play
cntical roles m habItat and water qualIty

Wetland habItats WhICh mamtam IDlgratory brrds are of partIcular lIDportance m Morocco
BrrdlIfe can be affected by the pollutIon WhIch results from the rutrificatIOn of water and
consequent alteratIOn of habItat Polluted areas may also eventually become unattractIve to the
mIgratory brrds

Dramage of coastal wetlands m Morocco for rrngatIOn agnculture has also reduced the
number of brrd speCIes consIderably (USAID, 1980) The Souss-Massa NatIOnal Park m
southern Morocco also has a problem WIth murucipal sewage from Agadrr However, the Mer]a
Zerga reserve on the coast of northern Morocco IS threatened by VIllage expansIon and rural
development actIVItIes (e g , road expansIOn, tounsm development)

BS FIsherIes Resources

Morocco has the largest fishenes mdustry m Afnca and has some of the nchest fIshmg
areas m the world Morocco's fIshmg mdustry ranks thIrd m export earrungs after phosphate and
CItruS products ApproxlIDately 80,000 people are employed m the fishmg mdustry-35,000
drrectly and 45,000 m the associated support mdustries (e g , constructIon, boat mamtenance, fISh
processmg) (Duval, 1988 )

The constructIon of dams IS causmg senous problems m the fIshmg mdustry For example,
dams are preventmg the natural mIgratIon of shad fISh up nvers to breedmg SItes Formally
common m most nvers m Morocco, the shad fISh IS now threatened WIth extmctIon (USAID,
1988 ) PollutIon IS also blamed for the degradatIOn of trout fishenes and dIsappearance of eels
(formally an lIDportant export)

PollutIon can also create condltlons whIch are unfavorable for fISh and affect the food cham
whIch support fISh populaoons For example, hIgh content of orgamc matter, petroleum
denvaoves and heavy metals m water lowers the level of dIssolved oxygen and estuarme waters
ThIS condioon may result m a reductIOn m ecosystem prodUCOVIty (e g , potential fISh catch
reductIOn) In addItIOn, hydrocarbon water fl1m may attach to wetland plants and dISrupt the
effiCIency of plant metabolIsm (IUeN, 1994)

It IS not known what effects pollutIon IS havmg on Morocco's ocean fish resources The
government of Morocco has speCialIzed eqmpment to morutor bIOlogIcal lIDpact of pollUtion on
fISh and fISh changes m populatIons However, a program has not yet been developed to morutor
pomt source pollUtion or Its lIDpact on marme resources Further, Morocco does not yet have
natIonal legIslatIon to requrre envrronmental lIDpact morutormg of mdustrial and fIshmg actIVIties
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B6 TourIsm Development

Tounsm IS an lffiportant mdustry m Morocco Europeans make up nearly two-tlllrds of the
total of foreIgn tounsts France, West Germany, Spam, and the Umted Kmgdom make up the
bulk of Morocco's VIsItors There were 1,471,000 foreIgn VIsItors to Morocco m 1986
(EconomIc IntellIgence Umt, 1988-89) Morocco has both natural and cultural attractIOns WhICh
enable It to compete WIth other countrIes m the regIOn

However, Morocco has the potentIal to capture more broad-based benefIts from tounsm
The country has substantial natural resources rn the mtenor of the country whIch have yet to be
fully utIlIzed by the tounsm rndustry Morocco has umque forested areas, wIldlIfe, areas of
hIstone mterest and mterestmg cultures

Tounsm may have both posItIve and negatIve lillpacts on health, economy and blOdlverslty
The mcrease m the cost of hVIng resultIng from the Influx of tounst may reduce the money
avaIlable for some rural commumties to buy or cook food However, tounsm development also
often mcreases the avaIlabIlIty of health and educatIon serVIces

PotentIal enVITonmental lffipacts assocIated WIth tounsm are not bemg momtored Further,
envIronmental assessments or momtorrng IS not requITed as part pnvate conceSSIOns for tounsm
actIVItIeS m natural areas Pnvate tour operators appear to unregulated

If properly managed, an expanSIOn of tounsm rnto other regIOns of the country could
mcrease the dIstrIbutIOn of economIC benefits aSSOCiated wIth economIC development to the rural
poor However, the government has yet to develop a natIOnal tounsm plan for the country
Constrarnts and opportumties have not been fully IdentIfIed Further, the government has not
Integrated envIronmental reqUIrements and momtormg mto tounsm conceSSIOns agreements and
IIcensmg of tour operators WIthOUt envIronmental planmng and IIcensmg requITements, tounsm
development cannot be conducted sustamably
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DONOR ACTIVITIES
NATURAL ECOSYSTEMS

Selected Natural Ecosystem Management ActiVIties

U S Peace Corps

ConservatlOn EducatlOn and Rural Development assocIated WIth protected areas (e g , education,
camp grounds, tree nursenes, ecologIcal surveys)

German participatIOn

AssIstance to Drrectorate of Water and Forests for

• Overall management assIstance of NatlOnal Plan for Parks and Protected Areas

• Development of management plans for Souss-Massa, Tasaka and Toubkal NatlOnal
Parks

• Introduction of Gazella mto NatlOnal Parks

World Bank

AssIstance to Department of Water and Forests for the Management of Souss Massa
National Park

African Development Bank

AssIstance to Department of Water and Forests for

• The IdentlficatIon of pnonty protection areas
• RevIsmg forest management plans for 106 000 hectares
• Developmg new management plans 673,000 hectares of natural forests and 285,000

hectares of artIfICial forests (Water and Forest Department, 1991)

Birds International

Have agreement WIth the Department of Water and Forests to develop conservatlOn
educatIon actIVIties m protected wetland areas They are workmg WIth other NGOs to

• Identify Important wetland habItats
• Orgarnze rural commurutIes, morutormg rural development actIVIties on wetland

ecosystems
• Develop a data base on all wetland brrd speCIes
• Develop a management plan for the Merga Zerga reserve
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ANNEX G
AGRICULTURAL AND LAND ANALYSIS

A Introduction

ThIS annex reVIews the InformatIon available to the team on agnculture and land use,
evaluates the major enVIronmental nsks, and recommends possIble USAID project optIOns Much
of the Important data necessary to develop quantitative assessments was not readily available
However, the major problem areas are ObVIOUS and do not need extensIve analySIS to determrne

Of necessIty expert oprnIOn has played a key role rn thIs assessment Care should be taken
rn the use of available numbers, to aVOId Jumprng to conclUSIOn beyond what IS supported by
accurate data

B Resource DescnptIon QuantItative and QuahtatIve DescnptlOn of the Resource

B1 Morocco's Chmate

Morocco's clImate has a MedIterranean clImate that IS characterIZed by mIld wrnters, hot
summers, relatIve andlty, and effICIent wmter ramfall If Morocco's ramfall came rn the hot
summer months rather than the cool wmter months, the country would be a parched desert
Because the ramfall IS usually gentle and temperatures are cool durmg the wmter, a gIven cereal
crop can be produced WIth about one-thrrd the mOIsture WhICh would be reqUIred to grow the
same crop usmg Irngatlon durmg the summer

The MedIterranean clImate IS deceptIvely mIld It gIves the ImpreSSIOn of bemg temperate
when m fact It IS at the edge of bemg arId The transItIon from a medIterranean clImate to an arId
clImate starts at about 300 mm raInfall per year and IS complete at about 100 mm raInfall per
year (See raInfall map of Morocco on followmg page) By defIrntIOn an and clImate IS one
where annual crops cannot be raIsed WIth Just the avaIlable raInfall However, raInfall IS vanable
from year to year The Isohyte represents average raInfall At the 300 mm Isohyte, annual
raInfall varIes between ample and draught (crop failure) but probably eIght years out of ten have
ample raInfall As the Isohyte decreases, the drought years mcrease until at about 100 mm every
year IS a drought year West of the Atlas MountaIns, land productIVIty IS generally a functIon of
raInfall In thIS context, "margmal" defmes land where the ratIO of ample raInfall years to
drought years becomes unfavorable

Between 60 and 90 percent of runoff occurs durmg the rarny season Most streams have
eIther severely reduced flow or are completely dry for about SIX months of the year About 90
percent of Morocco would be claSSIfIed as arId or sub-arId And more than two-thIrds of the
water resources WhICh can be developed rn Morocco are found rn three catchment basIns The
Sebou, the Bou-Regreg and the Oum-Er-Rbla (Conference des NatIOns Urnes sur
l'EnvIronnement et Ie Developpement, 1992)
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The mcentIves for usmg all avallable water resources are hIgh m a MedIterranean clImate
It IS the most responsive clunate for Irngated agnculture and It IS a deSIrable clImate for human
habitation Consequently, developmg and protectmg water IS the top pnonty of the Moroccan
government In Morocco the problems of clunate, soll, water, agnculture and land use are
closely related

B2 Morocco's Land

Morocco can be diVided mto 14 geographic regIOns (Wakrun, 1995 ) The Rlf (12,400
km2) is rugged country WIth varIable ramfall The low qualIty of soll resource IS the lunltmg
factor for agncultural productIOn The Pre-Rlf (3,500 km2) IS the foothill area south of tlle Rlf
The characterIstic vegetation IS chaparral The topography and the threat of water eroSIOn of soIl
lumt agrIculture III thiS region

When senous soll eroslOn IS discussed m Morocco, examples usually are taken from the
Rif ThIS IS where hIllSide farmmg and heavy ramfall combme to destroy SOlI The Rlf IS rugged
but the mountams are not hIgh enough to have a snow pack ThIS mcreases the unportance of a
well mamtamed watershed to modulate runoff EVidence of soll eroslOn is common And entIre
mountams stripped of soll down to the bedrock are eVIdence of senous erOSIOn m the recent past
ExceSSive language IS often used to descnbe soll erOSIon, the Rlf IS no exception m thiS respect
However, the soll erOSlOn problems m the Rlf are senous Further topographical descnptlons
mclude

• The Sebou plateau (11,760 km2) mcludes the followmg areas the upper Sebou m the
northern part of the catchment basm where the land IS undulatmg and has degraded
matorral vegetatIve cover, the Sals plateau where dryland agnculture flounshes because
the solls are deep and fertIle, and the central plateau, the Maamora, the Zemmours
plateau and the ZaIrs plateau, all of WhICh have agncultural potential

• The AtlantIc plams (23,760 km2) mclude the plams of Gharb, Loukkos, Doukkaka,
ChaoUla, Sous-Massa and ChIadma These plaIns are flat and have deep SOlI
Consequently, the agncultural potential IS hIgh

• The mtenor plams of Tadla and Haouz (26,800 km2) are semI and and therefore dryer
than the AtlantIc plans Agncultural potentIal declmes VISibly from Tadla to Haouz The
Moulouya plam (24,976 km2) vanes m Its agncultural potential from Intensive In the
north, or lower Moulouya to pastoral m the mid (central) and upper (southern)
Moulouya plam

• The MIddle Atlas Mountams (49,479 km2) are the largest and highest mountam range In
Morocco The northern watersheds of the central and eastern High Atlas mountaIns have
hIgh raInfall and are covered by forest The southern watersheds are much more and
and have lIttle value as watersheds
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• The HIgh plateaus of Eastern Morocco (32,000 km2) have shallow solis and an and
clunate so therr most unportant use IS as range

• The AntI-Atlas Mountams (31,760 km2) have an and clunate and lunlted agncultural
production potential

• The Pre-Saharan lands (186,600 km2) stretch from the Atlantic to Ie coulOlr de
Boudemb and mcludes Jbel Bam, The Draa and Tafilelt valleys, and the Hamadas

• The Saharan lands (240,000 km2) are a succeSSIon of plateaus and ergs The only
vegetatIon IS drought reSIstant, woody, scrub In the east there are some small basms or
"graras" where a lunlted amount of agnculture can be practIced

• The AtlantIC Fnnge (14,240 km2) stretches along the AtlantIC coast Inland for about 10
kIn Because of the marItune Influence on the clunate, It has excellent potentlal for
hortIcultural crops

• The MedIterranean Frmge (2,400 km2) COnsISts of Isolated areas between El Hoceuna
and Nador The mantune Influence on the clImate gIves It umque potential for the
productIon of hIgh-value crops In thIS case, the lImItatIOns are, shallow, rocky and
salme solIs

Most of the major CItIes of Morocco are located In eIther the AtlantIC fnnge or the
MedIterranean fnnge Fes, Meknes and Marrakech would be exceptions to thIS general rule
There are SIX maJor, well-defmed catchment baSIns m Morocco the Moulouya, the Loukkos, the
Sebou, the Oum-Er-RbIa, the Tenslf and the Souss (See catchment basm map on the follOWIng
page ) The most populous area of the country, the "AtlantIc Coast," refers prImanly to the area
from Kemtra to El Jadlda although geographIcally It extends on down to Safl The AtlantIC Coast
regIon does not clearly fIt mto any catchment basm but It IS a very Important geographIC area so
It IS often hsted WIth the catchment baSInS Also, there are many mmor catchment baSIns rather
than a major catchment basm where the Rlf meets the MedIterranean sea and the AtlantIC ocean
ThIS IS an unportant area so It IS referred to as "The MedIterranean Coast" on maps of catchment
baSInS

The baSIC umt for envrronmental work m Morocco IS the catchment basm A catchment
basm IS named after the most unportant flver WhICh drams It and refers to all land WhICh draIns
mto the nver from Its source m the mountams to the pomt where It empties mto the ocean (or
mto a larger flver) Catchment basm and watershed are often used mterchangeably but watershed
actually refers to the upper part, usually mountamous, of a catchment basm where one of the
major uses of land IS to harvest water for use m the lower part, usually plams, of the catchment
basm
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The flagship actIVity for a catchment basm project would probably be a brown project With
the goal of clearnng up a stretch of nver which IS bemg polluted by a manageable combmatlon of
domestic and mdustrlal polluters ThiS should be complemented by small, mnovatlve, fleXible
green projects Most of Morocco's major envrronmental problems are found m all of the SIX
largest catchment basms (There are also numerous smaller, tributary catchment basms WhICh
mIght make good target areas for a proJect) Four of these basms are bnefly charactenzed here

The Sehou RIver Catchment BaSIn The only nver m Morocco WhICh IS completely dead
from where It first encounters a major muruclpahty untll It fmally empties fitO the sea It has
some of the worst of everythmg SOlI erosIOn m the Rlf, domestic and mdustnal pollution, and
agncultural pollution The problems are enormous and they Will be expenSIve to remedy The
World Bank, WIth other mternational donors, IS tnng to develop a major project III thIS basm

The Oum-Er-Rbla Catchment BaSIn A dIstant second to the Sebou RIver Catchment
Basm m environmental problems and a much more distant second m terms of the money and
attention Senous agnculture pollUtion problems abound (bemg partIally addressed by the USAID
Tadla project) LImited but useful possIblhtles for soll and speCIes protection

The Souss Catchment BaSIn WhIle not VISited by the team, thiS basm IS reported to be an
opttrnum combmatlon of senous envrronmental problems and slgrufIcant local support wIllmg to
remedy the problems Soll salIDlty and overdraft of groundwater are major problems here

The GUlr, ZIZ and Draa Catchment Basms These are eastern catchment basms WhICh
cannot compete WIth western catchment basms m terms of the magrutude of the problem But
they probably could compete very well With the western catchment basms m terms of local
support of an environmental project Ground water quahty, SOlI salmlty and dune encroachment
are major problems (Dune encroachment IS an mterestmg environmental nsk m that It IS a green
rIsk WhICh IS mtensive rather than extensIve m nature In fact, as an envIronmental nsk, dune
encroachment has more m common With brown envrronmental risks than It does WIth green
envIronmental nsks )

G-6



Table 1 PopulatIon and IndustrIes by Catchment Basm

Catchment Basm PopulatIOn IndustrIes and Crafts Irngated Land
(% of total) (Ha)

Loukkos 2,164,000 Paper, rubber, textIles, creamery, 22,500
(9%) brewery, sugar nulls (2)

Moulouya 1,875,000 Agro-mdustry, metallurgy cement, lead 69,600
(75%) and zmc mmes

Sebou 5,367,000 11 agro-mdustnes mcludmg 5 sugar 91,800
(21 %) mills, beverages, paper, leather,

chenucals, cement and petroleum
products

Bou Regreg 1,346,000
(55%)

Oum-Er-RbIa 2,344,000 Agro mdustrles mcludmg three sugar 109,000
(9%) nulls, leather, textiles, asbestos, cotton

TensIft 3,085,000 Phosphates, copper nnnmg, fertIlIZer, 51,300
(12%) agro-mdustry, leather, textiles

Souss-Massa 1,846,000 Agro-mdustry, chemIcals, paper, 70,400
(7%) rubber, tannmg

Sud 1,685,000 95,000
(7%)

Zone cohere 3,311,000
AtlantIC (23%)
Total 23,023,000 509,600

Source ECODIT 1994b from STAT 1993 - AH 1992 - MAMVA 1992

The Sebou catchment basm has the greatest concentration of mdustrIaI and agncultural
actIVIty The Oum-Er-Rbla IS the most agncultural of the catchment basms It has one-fIfth of the
total Irngated land and the correspondmg agro-mdustrles The Tenslft catchment basm IS
characterIZed by mmmg and the thIrd largest populatIon after the AtlantIC coast and the Sebou
catchment basm (ECODIT 1994b)

Water quahty m Morocco varIes by catchment basm In the Sebou catchment basm the
nver IS severely polluted m populated areas In the other catchment basms water pollutIon IS
localIZed m areas Immediately below CItIes and mdustrles (ECODIT, 1994b)

B3 Morocco's AgrIculture

Dependmg on raInfall, agnculture generates from 15 to 21 percent of Morocco's GNP
Agnculture accounts for 39 percent of natIOnal employment and 80 percent of rural employment
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One-tlurd of the value of Morocco's exports IS generated by agrIcultural productIOn One-fourth
of the value of Morocco's Imports IS for agncultural products, prImanly soft wheat, sugar, daIry
products and vegetable 011 (WakrIm, 1995 )

Cultivated land m Morocco mcreased from 7 9 mllhon hectares m 1980 to 9 mllhon
hectares m 1992 ThIS amounted to an annual mcrease of about 80,000 hectares The dIstrIbution
of agnculturalland utilIzatIOn from 1988 to 1992 was as follows (WakrIm, 1995)

Table 2 Agricultural Land UtIlIZatIon m Morocco

Crop Percent Area m ,UOU hectares
Tereals 60 5,j~2 :;
Gram legumes 5 4740
Industnal Crops 3 3082
Forage Crops 2 153 6
Market Vegetables 3 197 8
Fruit Trees 7 617 1
Fallow 20 1,873 0

Source Waknm 1995

B3 Ramfed Agriculture

Ramfed agrIculture accounts for 90 percent of tIllable ground and supports 70 percent of
the rural population (WakrIm, 1995 ) ThiS mcludes most of the land devoted to cereals, gram
legumes and fallow hsted above

In the Rlf where erosion IS the worst, It results from ramfed agnculture, not deforestation
for firewood For example, 70 percent of the watershed for the AI Wahada Dam IS used for
ramfed agrIculture While protectmg watersheds IS the responSIbilIty of Eaux et Forets most of
the problem results from farmmg rather than to forestry or range management
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B3a Irrigated AgrIculture

Table 3 Current SItuatIon and Development PotentIal for Large IrrIgatIOn Projects

ORMVA PotentIal (ha) Developed (ha) Percent developed
Moulouya 65,400 65,400 100
Gharb 220,400 89,678 407
Doukkala 125,300 61,300 489
Haouz 202,700 53,550 264
Tadla 107,900 97,300 902
TafIlalet 27,900 27,900 100
Quarzazate 26,400 26,380 999
Sous-Massa 32,710 32,710 100
Loukkos 34,300 19,599 57 1
Total 843,000 473,817 562

Source ECODIT 1994b

In 1956 Morocco had 200,000 hectares of rrngated agnculture In 1990 Morocco had
830,000 hectares of rrngated agnculture Morocco's potentIal for rrngated agnculture IS
estunated to be 1,600,000 hectares Large projects accounted for 495,817 hectares Small- to
medIUm-SIZed projects accounted for 383,573 hectares Spate rrngatlon, denved from a
tradItIonal form of rrngatlon WhICh IS based on the dIverSIOn of flood water onto fIelds,
accounted for 350,000 hectares Table 3 shows that all potentIal for further development of
rrngated agnculture lIes m regIOns west of the Atlas MountaIns

In 1960, Morocco unported all of ItS sugar Now two-thrrds of Morocco's sugar IS
produced on fIve major rrngatlon projects Tadla, des Doukkala, du Gharb, du Loukkos, and de
la Moulouya Darry productIOn m Morocco IS a functIon of the alfalfa produced by rrngatIon and
Moroccan CItruS, and wmter vegetables for domestIC and overseas markets are produced by
rrngatIon

C Problem DeSCriptIOn

FIve categones of land were consIdered for dus report

• Water eroded land
• Irngated land
• Wmd eroded land mcludmg dune encroachment
• Urban proXlffilty land
• Scemc land

The mtenslty and extent of envrronmental nsk IS much greater m the frrst three categones
of land lIsted above Consequently, dus report wIll focus on water eroded land, rrngated land and
wmd eroded land (dune encroachment) Water eroSIon of soIl IS the most unportant
envrronmental problem m the mountaIns SoIl sallillty and the pollUtion of water resources WIth
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mtrates and pesticIdes are the most senous envIronmental problem on the Irngated plams And
dune encroachment IS the most senous envIronmental problem m and regIOns

Cl Water Eroded Land

Water erOSIon of soIl IS a function of clImate, soli, slope and farmmg practices Because
Morocco has a warm, dry clllTIate, Its solis are low m orgaruc matter and fraglle They easIly
lose theIr abIlIty to absorb water qUIckly Because of the mOIsture constramt, farmers plant crops
at wIde dIstances and keep fIelds free of weeds The result IS rapId surface runoff and senous soli
erOSlOn on slopes The problem of soIl erOSIOn by water IS wIdespread m Morocco, but the most
senous problem IS m the RIf, WIth addltIonal problems m the the southern Atlas MountaIns

Table 3. SoIl Cover and Water ErOSIon

Vegetation or Cover Slope (%) Runoff (%) SoIl Loss Uha/yr*
Grass 100% cover 36 69 0026
Grass 20 % cover 20 290 120
Natural forest 7-15 24 024
CItruS + mulch 7 26 43
CItruS WIthOut mulch 7 92 189
Crops + mulch 7 13 9 130
Crops + bare soIl or fallow 7 21 0 436
Bare soIl 7 390 894
Natural fallow 7 5 3

Source ILACO 1985
oIcFor extreme ramfall mtensltles soli losses may be conSiderably higher

For the Rif eroSIon of 9,000 T/km2 has been reported WIth the comment that for soIl
eroSIon It represents conSIderable value as bemg one of the largest m the world (Conference des
Nauons Umes sur I'EnvIronnement et Ie Developpement, 1992) However, thIS level of eroslOn
on one km2, or 100 hectares, would correspond to 90 tons per hectare on one hectare Nmety
tons per hectare would correspond, accordmg to Table 3, WIth the level of erOSlOn that would be
expected on bare ground WIth a 7 percent slope ThIS IS senous eroSIOn but It IS not "worst m the
world" senous erOSIOn ONEP,1994, notes that eroslOn IS very pronounced m the trIbutary basm
of Zloul where It reaches 20 tons/ha/yr SoIl erOSIon at the Tafrant statIon on Oued Aoudour IS
"very hIgh" at 38 5 tons/ha/yr

Whtle descnptlOns of erosIOn are often exaggerated, erOSlOn m the Rif IS very senous At
current rates, dam SIltation WIll reach 100 mIlhon m3 by the year 2,000 and 159 m3 by the year
2030 It IS estllTIated that Moroccan reserVOIrs lose 50 milhon m3 of capaCIty every year out of a
total capacity of 9,500 mIllIon m3 ThIS IS a loss of 0 5 percent per year and represents enough
water to Irngate 5,000 hectares To date, Morocco has lost about 500 mtlhon m3 of reserVOIr
capaCIty to sIltatIon

Three dams m Morocco have already been raIsed because of slltation The Oued Mellah
dam was put mto serVIce m 1931 and was raIsed m 1942 The El Kansera dam was put mto
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serVIce m 1935 and was raIsed m 1969 And the Lalla Takerkous dam was put mto serVIce m
1935 and was raIsed m 1980 Four reservorrs those from Taghbout d'AJras, Oued Mellah and
Zemrane have been ensllted beyond 50 percent of therr capacIty In the econOmICS sectIon of thIS
report, the present value of annual lost reservorr capacIty resultmg from erosIOn IS estnnated to
be about 90 mlllIon dollars Other estnnates of losses from soll eroSIOn and soll degradatIon are
gIven m Table 4

Table 4 Annual Costs for SoIl ErOSIOn and DegradatIon

DeSCrIptIon of Cost Annual cost ill millIons of
1990 drrhams (% of total)

100 mlllIon tons of eroded soll clogs pUrIfIcatIon plants 21 (5)
annually ThIS IS partIcularly true of the Sebou catchment basm
WIth ItS serIOUS eroSIOn problems Water pUrIficatIon StatIOns
eqUIpped WIth settlement basIns process 101, 119,000 m3

annually at a cost of 0 2052 drrhams/m3

Modelmg slltatIon rates and aSSUmIng a prIce of 1 DH/m' for 360 (86)
rrrIgation water and 0 70 DH/kW for energy
The cost of deforestatIon assummg a prIce for frrewood of 0 80 25 (6)
drrhams /kg and that each hectare of forest would produce 1 ton
of wood per year
The cost of overgrazmg assummg a daily arumal urut value of 48(1)
forage of 1 20 drrhams,
The loss of agrIcultural productIOn assummg an average prIce 9 (2)
of 180 drrhams/qumtal for cereal (barley, corn, wheat)
TOTAL 421
(% of GNP) (021 %)

Source ECODIT 1994a b

The slltatIon of reservorrs and the loss of agrIcultural land are the major and ObVIOUS
results of SOlI eroSIOn by water However, there are also some more subtle relatIOnshIps between
land, water, human welfare and bIodIversIty WhICh are present on wlld rIvers or on streams
above dams m Morocco and WhICh have serIOUS ImplIcatIOns for the entrre country

Table 1 also shows that when 89 4 tons of SOlI are lost per hectare, about 39 percent of the
raInfall IS lost to runoff ThIS IS runoff WhICh destroys land habItat by removmg soll and WhICh
destroys aquatIC habItat by deposltmg thIS soll m streams The value of a good watershed IS that
It holds the water and releases It slowly ThIS desrrable characterIstIc IS a functIon of good
vegetatIve cover and of good soll structure ExceSSIve runoff occurs when a watershed IS not
properly mamtamed The rate of water release from a watershed determmes such cruCIal factors
as base flow, floodmg, dIlutIOn flow, mamtenance flow, and aqUIfer recharge

One effect of a good watershed IS that fluctuatIOns m stream flow are not extreme Base
flow refers to the characterIStIc mInImum flow of a stream On a poorly mamtamed watershed the
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base flow of a stream IS reduced At the extreme perennIal streams become seasonal streams
which dry up durmg the summer and which cause floodmg durmg the wmter

The concentration of pollutants m a stream IS a function of how much water IS m a stream
and how much pollutants are discharged mto the stream For example the Impact of pollution
resultmg from sugar mdl operatlOn IS mcreased by the fact that they work m the summer when
stream flow IS low On the other hand pollution from olIve 011 plants IS mItigated by the fact that
they work dunng the wmter months when stream flow IS hIgh

The flow reqUIred to mamtam water qualIty m a stream IS the "debIt samtalre" and IS
referred to as the ddutlon flow m thIS report Durmg the summer It IS often necessary for water
to be released from reserVOIrS for the sole purpose of mamtammg the dIlution flow downstream
ThIS IS an Important cost resultmg from urban and mdustrial pollution Whenever the base flow
of a stream becomes less than the dIlution flow of a stream the result IS perenmal senous water
pollutlOn problems Twenty-one percent of the rural popUlatIon ObtaInS Its dnnkmg water from
surface water (CSEC, 1994a quoted m ECODIT 1994b)

The flow reqUIred to mamtam the aquatic habItat IS referred to as the mamtenance flow m
thIS report When the base flow falls below the mamtenance flow, the aquatic habItat IS damaged
or destroyed

MOIsture WhICh IS retamed m a good watershed IS not Just released m a more umform
fashIon mto surface streams It IS also released as recharge water mto aqUIfers In aqUIfers where
pollutlOn IS a problem, a reductlOn m recharge water means an mcrease m the concentration of
pollutants m the aqUIfer In the and regIOns of Morocco, dry years are Identified WIth dIsease
problems resultmg from the use of water from polluted wells

Because of the senousness of the sod eroslOn problem m Morocco, there have been major
efforts to combat It These have been conducted under the dIrection of the department of Eaux et
Fore~ts m the Mmistry of Agnculture

In 1988 la DirectlOn des Eaux et Fore~ts et de la Conservation des Sols gave the followmg
report on soIl conservation work to a watershed semmar m Rabat It was reported that 318,000
hectares had been protected agamst sod erosIOn usmg at least one of the followmg methods
range management, forestry-range management, mfdtration structures, fruIt tree retammg walls,
and terraces and reforestatIon The reglOnal dIstnbutlOn of thIS work was as follows
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Table 5 RegIonal DlstnbutIon of SoIl ConservatIOn Work

RegIon Hectares % of Total
Bordure mediterraneenne 58,100 18
Tenslft-Abda-Doukkala 58,159 18
Basm de Sebou 44,560 14
Qum Rabla 45,510 14
Basm de Moulouya 37,660 12
Souss Massa 32,770 10
Bouregreg ChaoUla 25,900 8
AtlantIque Nord 15,489 6

Source Wakrnn 1995

Table 5 represented 3 5 percent of the area WhICh needed attentIon gIven to SOll eroSIOn
problems Smce 1980 one of the most lffipOrtant SOll conservatIon programs has been fruit tree
dIstrIbutIon The goal IS to both mcrease rural mcomes and decrease soIl erOSIon The trees are
dIstrIbuted free of charge Durmg the 1992/1993 season, 1,677,987 trees were dIstrIbuted The
tree dIstrIbutIOn program IS apparently popular WIth farmers However, It IS not the tree WhICh
protects the soIl but rather the basm or terrace WhICh IS buIlt to help grow the tree WhICh protects
the soIl Water harvestmg and soIl protectIon are compllffientary actIVItIes so distributmg trees
should have the effect of protectIng soIls The types and numbers of trees dIstrIbuted from
1982/83 to 1992/93 are gIven m Table 6

Table 6 Trees Distributed for SoIl ErOSIOn Control 1982/83 to 1992/93

Type of FruIt Tree Number of Trees DIstrIbuted
Qhve 5,341,378
Almond 3,303,369
Apple 438,384
Walnut 477,712
FIg 268,064
Prune 153,502

The area protected by 1994 was 450,000 hectares of whIch 19,000 hectares were dune
stabIhzauon ThIS represented 3 8 percent of the area needmg attenuon In the meanwhIle the
money connmtted to protectmg SOlIs from water erOSIOn decreased The budget for the protectIon
and restoratIon of soIls and the reforestauon program averaged 200 to 250 mIllIon dIrhams from
1984 to 1988 In 1992, the budget was 27 mIllIon dIrhams What accounts for the decrease m
COmmItment by the government to protect salls? Several explanatIOns for thIS are pOSSIble

• As the 3 8 percent effectIveness figure would mdicate, m spIte of major expendItures,
very lIttle progress was bemg made

• Donor agenCIes tend to be mterested m SOlI protectIon so thIS work IS bemg left to them
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• ExaggeratIon of the extent of soIls at nsk In 1972, when 7,000,000 hectares were bemg
cultIvated m Morocco, a study showed that 5,000,000 hectares (71 percent) of tillS land
were threatened by eroSIOn At the tune It was recommended that an attempt be made to
SubstItute forage crops for cereal crops (WaknID, 1995 ) ExceSSIve clauns are common
m descnptIOns of the threat of soil eroSIOn ThIS IS an extreme example of such a case
If the assertIon had been made that 2,000,000 hectares were threatened and 5,000,000
hectares were not threatened, It would have been closer to the truth The unfortunate
consequence of such clauns IS that soil protectIon work IS not focused m the areas where
the solis really are threatened and money IS wasted on soli protectIon where It IS not
needed

• More-of-the-same recommendatIons for protectmg soli from water erOSIon The World
Bank (1992) strongly recommends that Morocco spend 533 mllhon drrhams annually
(025 percent of GNP) on soli management, reforestatIon, research and extenSIOn to
protect her sOlIs

What IS needed IS to focus avaIlable resources on areas where soIl eroSIOn by water IS
senous and then use the methods proposed by the DRCTA That IS, to use pIlot projects to
generate farmer enthusIasm for a project before expandmg It to a regIOnal project ThIS IS the
phIlosophy behmd the almond and pnckly pear cactus projects recommended m the report
submItted for thIS study

C2 Irrigated Land

In 1990, the developed water resources of Morocco amounted to 11 bIllIon cubiC meters
per year Irngatlon used 87 percent of these resources essentIally on SIX catchment basms and 9
IrrIgated projects (453,300) and small and medIUm projects (120,300 hectares) 13 percent of the
resources developed serve for drInkmg water and mdustry (ECODIT, 1994a )

Table 7 Projected Water Resources Balance for the Year 2020 10 MIllIons of m3

Catchment Basm YIeld Imports Exports Total Needs Balance
avaIlable

Loukkos 1230 1230 1230 0
Moulouya 1680 1680 1680 0
Sebou 4890 770 4120 4120 0
Bou Regreg 970 890 1860 1820 0
Qum Er Rbla 4160 420 3740 3980 -240
TensIft 1260 300 1560 1620 -60
Souss-Massa 1290 1290 1430 -140
Sud 1530 1530 1530 0
Total 15,044 15,545

Source WB, 1994 ECODIT, 1994b
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Water wIll be taken from the Sebou and Oum-Er-Rbta catchment basms to supply the
populatIOn centers along the AtlantIC coast Hence, the Importance of guaranteemg the qualIty of
the water m these basms (ECQDIT 1994b)

Irngated agnculture IS mtensive agnculture and mtensive agnculture IS often a threat to
water qualIty In Morocco thIS threat to water qUalIty comes m three forms mtrates, pestIcIdes
and sal1ll1ty Irngated agnculture can be a threat to both surface water and groundwater In
Morocco, It IS most Important as a threat to groundwater IndustrIes and urban areas are more
senous threats to surface water ConcentratIons of antrnals m a smgle productIon faCIlIty can also
be a threat to surface water qualIty but thIS IS not a senous problem m Morocco

Groundwater whIch IS protected geologIcally IS usually the best qualIty water However,
pollutIon problems from msectICIdes and mtrates commg from fertilIZers are a threat m several
areas to Important aqUIfers Also, exceSSIve drawdown of groundwater near the coast results m
sea water contammation of aquIfers The aqUIfers of Haouz, Souss and Chtoukas are fallmg
because of exceSSIve drawdown

The HIgh Water Council, or Consed Supeneur de l'Eau (CSE) evaluated the state of
pollutIon of the vanous water bodIes of Morocco and has publIshed a comprehensIve summary
(CSE, 1988) Accordmg to thIS study the Sebou and Oum-Er-Rbta are the two nver basms WIth
the hIghest pollutant levels For the Sebou the problem ongmates from urban and mdustrtal
dIscharges, for the Qum Er RbIa, pollutIOn of shallow ground water from agnculture and
mdustrial dIscharges to the nver from sugar and other agromdustries are senous problems

Tables 7 and 8 compare agnculture, mamly rrngated agnculture, WIth mdustrial and
domestIc sources of pollutIOn Table 9 gIves natIonal goals for cleanmg up water pollutIon by
2020

Table 7 Effluent m 1990 m ,000 of Tons (ECODIT 1994a)

Effluent Industrtal DomestIc Agncultural Total
DBOs 59 230 0 289
DCa 101 598 0 699
N Total 3 51 27 81
P Total 02 13 8 21
Cr 04 0 0 04

Sources Rejets mdustnels (MCI 1994a et Banque MondIale 1994) Rejets domestIques (STAT 1993 et calculs
d ECODIT) Rejets agncoles (MAMVA 1992 et calculs d ECODIT)
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Table 8 Major Pollutants from Industrial, Domestic and Agncultural Sources
m Tons/Year and (%)

PollutIOn DBa DCa N Total P Total Chrome
Industnal 58,000 (20) 100,000 (14) 3,300 (4) 200 (1) 110 (100)
DomestIc 230,000 (80) 598,000 (86) 51,000 (63) 13,000 (61)

Agncu1tural 26,800 (33) 8,000 (38)
Total 288,000 698,000 81,100 21,200 110

Table 9 Water Quahty Improvement Objectives to Be Aclneved by the Year 2020
(ECODIT, 1994a)

Pollutant ReductIon of Effluents
(% projected for 2020)

IndustrIal DBOs and DCO 85
DomestIc DBOs and DCO 80
NItrogen and Phosphorus 40
Chrome 95

Source World Bank 1994

These tables present agrIculture as the least Important source of the least Important
pollutants, rutrogen and phosphorus, WIth the lowest stated obJecnves for water qualIty
Improvement What these tables fall to convey IS that agncu1tural pollutIOn IS a localIzed
phenomenon and as such can be very Important for a gIven area As stated above, on the Tadla
piam m the Oum-Er-RbIa agrIcultural pollutIOn IS a major source of pollutIOn

Also, there IS a lImIted but serIOUS speCial case of water pollutIon mvolvmg agrIculture
Untreated wastewater was used to rrngate 7200 hectares of vegetables, trees and cereals near
urban centers m 1990 (ECODIT, 1994b) ThIS IS a major cause of cholera becommg endemIC m
some areas of Morocco such as the Sebou catchment basm WhICh reports 53 percent of the cases
reported annually (MSP, 1994a) Accordmg to the IDllliStry of health the cause of cholera IS
dIVIded evenly between contammated drmkmg water and contammated vegetables from gardens
IrrIgated WIth waste water m and around urban centers (ECODIT, 1994b)

Table 10 InCIdence of Cholera from 1979-1988 (ECODIT, 1994b)

Year 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
InCIdence 025 875 1 44 15 19 000 000 000 1602 14943 25299
per 100,000
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Table 11 Costs for Cholera (ECODIT, 1994b)

1981-1985 1986-1990
Total number of cases 537 10,149
-neaths (Estimated) 1~ jjj

Total cost 2 3 mIllion drrhams 42 6 mIlhon drrhams
Average annual cost 460,000 8 52 mIlhon drrhams

Source MSP I994a MSP I994b - MSP I994d

Agncultural pollutIon of water IS prImarily pollutIOn by mtrates, pestIcIdes and salt Table
12 gIves water pollutIon standards for SalInIty and rutrate for Morocco ConductIvIty IS a measure
of water salImty

Table 12 SalImty and Nitrate Indicators for Groundwater QualIty (ECODIT 1994b)

Quahty CondUCtiVIty Us/cm N03 mg/l
Very Good <4UU <5
Good 4UU-13UO 5-25
Average 1300-2700 25-50
Bad 2700-3000 50-100
Very Bad >3000 > 100

Source AH 1992

C2a Nitrates

Irngated agnculture uses 14 times as much fertIlIZer on a umt area baSIS as IS used for
ramfed agnculture ThiS amounts to 50 percent of the total fertilIZer used m Morocco It IS
estimated that between 8 and 10 percent of the mtrogen apphed as fertIlIZer leaches to an aqUifer
Most of thiS leachmg would occur m connection With rrngated agnculture (ECODIT, 1994b)

Leached mtrates are more Important m the catchment basInS where agnculture IS lffiportant,
Sebou, Oum-Er-Rbla and Tenslft (see Table 13) ThiS corresponds to the Gharb, Tadla,
Doukkala and Haouz rrngatlOn projects
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Table 13 NItrates Leached by Catchment Basm

Catchment Basm Quantity of Nitrates Leached
(metric tons/year)

Moulouya 2,400
Loukkos 1,500
Sebou 6,700
Oum-Er-Rbia 6,100
Tensift 6,000
Sous-Massa 1,000
Sud 3,100
Total 26,800

In Morocco, water is declared to be poor when mtrates reach a concentratIon of 50mg/l
This level of mtrate concentratiOn IS common on the Tadla Plam and tIme lapse studies have
shown that m some cases it is mcreasmg by 5 mg/llyr (ONEP) The Umted States standard for
mtrate concentratlon m drmkmg water is 10 mg/l The European standard is the same as the
Moroccan standard Israel's standard IS 100 mg/l Senous 1mIDedIate health nsk starts at
concentratlons of about 400 mg/l When wnnng about mtrate pollUtlon of the perched aqUIfer
under the Tadla plam m 1994, Rawson and Stl1lwater got it nght, "Whl1e no 1mIDedlate
remediation appears to be requrred, speCifiC steps are suggested for momtormg and educatiOn of
the populace to mrntrnlZe the nsk "

FertlllZer also poses some threat to surface water Nitrogen, phosphorous and potaSSiUm
often encourage exceSSive growth by aquatiC plants ThiS is called eutrophicatiOn of surface
water (ONEP, 1994)

The cost of nddmg water of the foul taste caused by eutnficatiOn is estImated at 7 3 million
drrhams per year ThiS mcludes the cost of sl1ver carp and arratiOn but not the cost of charcoal
fl1termg (ONEP, 1994 from ECODIT, 1994b)

C2b PestiCIdes

"Health offiCials say mtrate at levels higher than 10 parts per ml1lion m drmkmg water can
cause senous health problems for mfants Unlike pesticides, however, mtrates from fertIllZer are
not acutely tOXiC and are not considered a health threat to most adults " (Jackson, 1994)
PestiCIdes are much more dangerous to human health than are mtrates But very little work has
been done m Morocco on water pollutiOn by pesticides, or on the drrect nsk of pOisonmg by
pesticides

On rrngated perImeters, it is common to see cheIDlcals bemg miXed 1mIDedIately adjacent
to and above canals, chemicals bemg miXed 1mIDedlately adjacent to unprotected wells which are
lower than the surroundmg terram and chemical contamers bemg washed m canals and next to
wells Many of these cheIDlcals should, at a IDllliIDum, be tracked and some should only be
applied by qualified personnel The need for trammg pest control applIcators, regulatiOns
governmg the use of pesticides and sensitlZmg the general populatlon to the dangers of tOXIC
chemicals is not bemg met Furthermore, Moroccan fruIt and vegetable exporters are gomg to be
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reqUired to meet more rIgorous pestIcide residue standards for therr produce ThIS IS another
compellmg reason for addressmg the problem of unregulated pesticIde use

In 1990, pesticide use was estImated to be 9,395 tons mcludmg

• 4842 tons of fungICIde or 51 percent of the total
• 3661 tons of insecticides or 39 percent of the total
• 919 tons of herbICides or 10 percent of the total

ThIS IS the eqUivalent of 1 27 kg per hectare of tillable ground But the use of these
chemIcals IS very unevenly dIstributed Most of them are used on rrrIgated land The Sebou
catchment basm uses about 3.600 tons of pestICIdes annually or about one-thrrd of natIonal annual
consumptIon WHO says that 0- 5 percent to 1 percent of pestICides used on rrrIgated land wlll
reach surface water ThIS IS between 18 and 36 tons per year CONEP.1994 )

Factors which mfluence pollutIOn of water by pesticIdes are theIr solubIhty, their reSIstance
to physical and bIOchemIcal breakdown, the nature of the solI and the volume and mtensIty of
ram CONEP. 1994)

Pesticides are Imported by 28 comparues WhICh serve as agents for major chemical
comparues and are also sold by 426 distributors and resellers

Table 14 Evolution In the Use of PestiCIdes In Morocco (Dreckmann and Ammatl, 1994)

Y"ar Insecticides Fungicides HerbiCides Others TOTAL
MAMVA OPVC MAMVA OPVC MAMVA OPVC MAMVA OPVC MAMVA OPVC

1980 2007 NO 4534 NO 544 NO NO NO 7085

1985 2858 NO 3825 NO 524 NO NO NO 7207 NO
1986 NO 1812 NO 1875 NO 875 NO 125 NO 4687
1987 NO 1844 NO 2062 NO 312 NO 562 NO 4780
1988 NO 6062 NO 2375 NO 562 NO 250 NO 9249
1989 NO 1938 NO 2500 NO 375 NO 219 NO 5032
1990 3663 2500 4812 3000 919 94 NO 937 9394 6531

Other chemIcals refer to growth regulators. rodentICIdes and nematicIdes

Dreckmann and AmmatI, (1994) hst the followmg problems and results for pestICIde use In

Morocco
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Problems

• A wIde range of products and applIcatIOn levels
• Used reactIvely and not ranonally no care wIth packagmg
• TechnIques of applIcatIOn are usually rudImentary and do not consIder calIbratIOn,

eqUipment mamtenance, umform dIstnbunon or recommended mtervals (labels)
• No protectIve clothmg, gloves, coveralls, masks, goggles, hand washIng

Results

• HIgh crop protectIOn costs
• Development of resIstance by pests
• Appearance of new pest specIes
• Pollunon of the envrronment

The fact IS that senous pesncide pollutIOn of water probably eXISts m connectIOn WIth
rrngated agnculture m Morocco

C2c SallDlty

Sallllity m Moroccan SOllS has several sources These mclude the soIl Itself, ground water
or surface water PollutIOn of groundwater by saltwater from the ocean occurs when drawdown IS
exceSSIve or when artIfIcIal recharge of deep aqUifers IS exceSSIve Usually several of these
factors are combmed and then aggravated by lImIted water resources and farmers who do not
understand proper rrngation technIques SodIUm and magneSIUm are the major elements salt
elements m Morocco

Out of 1,600,000 acres studIed for rrngatIOn, 350,000 hectares were found to be vulnerable
to sallllity problems m the short- or the medIUm-term

No natIOnal study has been made of the sallllity problem m Morocco but regIOnal studIes
pomt to three areas WhICh are generally agreed to have the most senous problems WIth salmlty
These are the Gharb plam, the Bern Anur plam m Tadla, and the southeastern zone

Salme water IS a senous at Bern Amrr and Bern Moussa on the Tadla plam The Tadla
rrnganon project has wells reportmg levels of sallllity greater than 3000 ms/cm, thereby
exceedmg the natIOnal potabIlIty standard of acceptabIlIty of 2700 ms/cm for electncal
conductIvIty

Where the condIllons are nght for generatmg sallllity problems It IS usually a chrornc
problem rather than an acute problem An exceptIon would be areas where salt water mtruSIon
mto an aqUifer IS occurrmg ThIS IS often an acute problem

RemedIes for SOlI sallllity are known but they requrre an ample supply of good qualIty
water and a system of dramage It IS pOSSIble to raIse crops under qUIte salme condItIOns ThIS IS
especIally true If the soils are lIght However, energy IS requrred for the crop to exclude the salt
m the process of water uptake and thIS means reduced crop yIelds
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C3 Wmd Eroded Land

Wmd erOSIOn can be senous along the AtlantIc coast of Morocco where prevaIlmg wmds
carry sednnents mland Wmd erOSIon IS also senous m the Moroccan deserts In the Eastern
provmces and espeCIally m the Moroccan Sahara dune encroachment threatens fields, roads and
vIllages

Wmd erOSIOn IS usually extensIve and margmal m Its unpact It IS also very dIffIcult to
control Consequently, wmd erOSIOn would not usually be expected to qualIfy as an unportant
problem However, m Morocco wmd eroSIOn mcludes the problem of dune encroachment In the
context of thIS report, dune encroachment cannot compete WIth water eroded land or WIth
lrngated land as a senous problem for Morocco However, dune encroachment can be a very
senous locahzed problem and, when funds are avaIlable, Moroccans know how to control dune
encroachment Consequently, It IS Included In thIS report

C4 Scemc Lands

The most unportant sceruc lands m Morocco are the coast and the mountams Both are
threatened The coast IS threatened by urbaruzatIon, as wIll be seen In the next sectIon And the
scemc lands of the mountams are threatened by deforestatIon ThIS problem IS addressed m the
bIOdIversIty annex

C5 Urban Encroachment Land

Urban populatIons surpassed 3 4 ml1lIons mhabItants m 1960, 8 7 ml1lIon m 1982, 11 7
mIllIon m 1990 and are expected to reach 187 mIllIon In the year 2005 Consequently, prune
agncultural land IS threatened In thIS context the Gharb zone deserves to be mentIoned
Accordmg to a study done by the ORMVA m 1988, out of 5,977 urban hectares, 49 percent or
2,982 had been prune Irngated land before bemg subdlvided ThIS land was chosen because It
was flat and had easy access to water It was also some of the most productIve land m the area
The FAD, as a part of the project MOR/87/001, estImated future urban land needs as follows

Table 15 Land ReqUIrements for Urban Development (ECODIT, 1994b)

DescnptIon Area (hectares)
Current deflcIt 60,000
Land deSIgnated for urban development 252,000
Urban development (Current requIrements) 37,000
Urban development (Annual reqUIrements) 76,000

"'Urban populatIOn 1900 - 420,000, 1982 - 8,670,000, 2012 - 20,600,000
*Now 13,000,000 urban and 13,000,000 rural
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Because of the rural exodus, the urban populatIOn has mcreased an average of 3 7 percent
per year m the course of the ten last years whtle the total populatIOn has mcreased by 2 6 percent
per year In SpIte of the efforts of the State to nnprove hvmg condioons m the countrysIde, the
rate of growth of the urban populatIOn should remam hIgh for the next ten years and the urban
populaoon could reach 16 ml1hon m the year 2000 (ECODIT, 1994a)

In Morocco, "coastal" and "urban" are often synonymous Urbarnzaoon corresponds WIth
an mcrease m populatIOn along coastal areas In 1982, the urban populatIOn hvmg along the coast
was 5 3 ml1hons people 18 years later m 2000 It should be more than 10 ml1hon people
(CERED) The provmces havmg access to a coastlme will represent m the year 2000 more than
50 percent of the populaoon In 1982, they represented 45 percent of the populatIon (ECODIT
1994a)

D RIsk Assessment Summary

Dl Health

Table 16 HEALTH RIsk Assessment MatrIX for Agriculture and Land Use Issues

Problem PopulatIOn affected Seventy ReverSIbIlIty CompOSIte
Water eroded land 1 1 1 1 u
Irngated land 3 3 3 30
Wmd eroded land 1 I 1 I 0
Dune encroachment 1 1 I I 0
Urban encroachment 1 I I 1 0
Scemc land 1 1 1 I 0

D2 Economic

Table 17 EconomIC RIsk Assessment MatrIX for AgrIculture and Land Use Issues

Problem Total Cost Tnnmg CompOSIte
Water eroded land 5 3 40
Irngated land 3 3 30
Wmd eroded land 1 1 1 0
Dune encroachment 5 5 50
Urban encroachment I I 1 0
Scemc land 1 1 1 0
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D3 BIOdiversity

Table 18 PRELIMINARY PROBLEM ASSESSMENT MATRIX
Agriculture and Land Use Issues

Human Health Economic Biodiversity

Sector Pollutant! Seventy Revers Total Tlmmg Seventy Tlmmg Human/Eco Habitat No of
ActivIty abIlity Cost of Impact system RIchness & People

Interface Umqueness Impacted

Agriculture

A Water Eroded
and Degraded 10 10 50 30 50 30 50 50 30
Lund

B Imgated Lund 30 30 30 30 40 40 40 10 30

C Wmd Eroded
and Degraded 10 10 10 10 40 40 40 40 30
Lund

OasIs dune
encroachment 10 10 50 50 40 40 20 20 30

o Scemc Lund 10 10 10 10 20 22 35 30 30

E Urban
ProxImity 10 10 10 10 20 10 20 10 30
Lund
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ANNEX H
INSTITUTIONAL CONTEXT

A Legal and Regulatory Framework

The legal framework for envrronmental protectIon In Morocco IS outdated and hIghly
fragmented Most laws havmg any bearIng on the envIronment were wntten WIth other purposes
In mmd, many of them decades before current envrronmental problems arose As a result,
eXlstmg laws and regulatiOns are madequate to control pollutiOn or to ensure land use compatIble
WIth envIronmental protectIon RegulatIon of such late-20th century problems as hazardous
substances, mdustrIaI waste, nOIse pollutIon, or automobIle exhaust IS entIrely lackmg or too
general to be enforceable Legally enforceable standards WhICh could proVIde a baSIS for
reqUIrmg mdustries or motonsts to reduce therr pollutIOn do not eXIst Nor IS there any
government mstItution authorlZed to morutor emISSIOns to ensure complIance WIth standards, even
If they dId eXIst In one law, penaltIes for non-complIance are set m 1914 French francs, hardly
posmg a senous penalty to Industry m 1995 Land and forest use regulations, partIcularly
lmportant for ensurIng sustamable use of natural resources, are based on a mIX of custom,
Koraruc law, and modern law I makmg for conSIderable confuSIOn and at times IrreconcIlable
conflIct

Attempts to sunply survey and descnbe the eXIstIng legIslatIOn have IdentifIed hundreds of
texts related to some aspect of the envrronment, from sewerage to soIls, and from mantune
fISherIes to nuclear wastes However, whIle examples abound of the general problem, a clear
ldentIficatIOn of the laws currently In effect and therr lunitatIon IS harder to come by A few laws
currently In effect appear to be of the most sigruficance to current envIronmental problems

The Dahir of 25 August 1914 on claSSIfIed establIshments (etabllssements classes) regulates
the actIVIties and locatIon of busmesses WhICh could be unhealthy, nUisances, or dangerous
Enterpnses are dIVIded mto three classes, accordmg to therr actIVItIeS and the threat WhICh they
pose m terms of secunty, health, or publIc converuence Class I IS the least stringent, and class 3
the most Busmesses In class 3 may not open WIthout a survey about ItS Impacts on surroundIng
areas carned out by the MInIstry of PublIc Works Class 2 busmesses requIre such a survey by
the pacha, local representatIves of the natIOnal government Class I bUSinesses reqUire pnor
authonzatIon to open, but no survey IS reqUired In addItIon, the law gIves local governments the
authonty to hmit establIshment of class 3 enterpnses to speCIfIC "mdigenous zones," and to lImIt
class 2 and I enterpnses In the urban area to industrIal zones speCIfIcally created for thIS effort

Thus thIS law gIves both the MiruStry of PublIc Works and the local collectIVItIeS the nght
to regulate busmess actIVIty based on nUisances It creates However, m the absence of standards
WhICh clearly defme what constItutes an unacceptable nUisance (or level of pollutIon), publIc
offICIals have not used thIS law senously to regulate industrIal aCtIVIty In an enVIronment where
unemployment and economIC growth are prImary concerns, thIS law has not been used to reqUire
mdustry to hmIt ItS pollutIOn Moreover, fIrms WhICh were ongmally reqUired to locate m pen
urban areas on the strength of these laws now fmd themselves In the urban center, as CItIes have
spread and engulfed them (ThIS IS partIcularly the case of certam textIle and cement plants In
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Casablanca) Thus, while the law 1lllght once have been adequate to force mdustry away from
resIdentIal areas, It IS not strong enough to keep resIdential areas from sprmgmg up around that
mdustry m later years

A second law concernmg mdustrlal polluuon IS consIderably more recent It deals WIth
SubSIdIes to mdustrles mvesung m energy conservatIOn, water conservatIon, or envlfonmental
protectIon Investments m eqUipment used for these purposes may be exonerated from Import
dutIes, TVA, and other taxes, amounung to a SUbSIdy of from 20 to 30 percent of the value of
the mvestment ThIS law has had only a lImIted Impact on mdustrial pollutIOn, smce frrms are
sull not requlfed to make any mvestments at all to reduce therr e1lllSSIons

The madequate legal framework IS WIdely perceIved as the smgle most urgent bottleneck to
resolvmg Morocco's envlfonmental problems 1 A number of dIfferent efforts are underway to
address thIS problem FlfSt, a general framework law on the envlfonment, enutled the Projet de
loz sur la protectlOn et la mise en valeur de l'envlronnement (proposed law on protectIOn and use
of the envlfonment) has been developed and IS currently gomg through the slow process of
reVIew and eventual adoptIOn ThIS law calls for the development of norms and standards for
envlfonmental qualtty, based on the qualtty and absorpuve capaCIty of the ambIent envlfonment,
the requlfements of natIOnal development, the profIt margIns of the affected econ01lllC sector, and
health consIderatIons It authorIZes government agenCIes to requlfe envlfonmental Impact
statements for projects ltkely to have any negauve envlfonmental Impact that descnbes the
project, the 1lllual state of the SIte, the pOSSIble consequences of the project, and the measures
mtended to prevent, reduce, or 1llltigate those consequences In addItIon, the law addresses
speCIfIC Issues related to human settlements and land use plannmg, natural resources and
protected areas, and bIOlogICal, che1lllcal, or tOXIC pollutIon of alf, water, and land Penalttes for
non-compltance WIth the decrees applymg thIS law mclude fmes as hIgh as 500,000 Dh and
Impnsonment for up to two years The law also authorIZes the development of fmanclal
mcentlves to mdustry to mvest m pollutIon control, and creates a speCial fund for protectIon and
use of the envlfonment, WhICh will receIve 50 percent of the fmes collected ThIS law IS now
awaItmg reVIew and approval by the Secretary General of the Government (SGG), m the course
of the normal reVIew process for laws

The work of preparmg a complete and up-to-date envlfonmental code has been begun by
the Conseil NatIOnal de l'Envlfonnement ThIS mvolves classIfymg the eXIsung legIslatIOn,
Identtfymg gaps, and fIllmg m those gaps WIth amendments, new laws, or appltcation decrees
ThIS work was 1lllUated wlthm the m1lllstenal departments whose routme acUvities touch on the
enVlfonment It was then pIcked up at a broader level by a commISSIon, dIVIded mto four sectoral
workmg groups

• The workmg group on natural resource management addressed Issues related to forest,
range land, the ocean and fishmg resources, SOlI and the coast They found that a
reVISIon of a set of laws related to forest management, planatIon forestry, the forestry
profeSSIon, eroSIon control, natural ecosystem protection, and envlfonmental Impact
studIes for projects havmg an Impact m these areas had already been prepared, and IS
now waItmg reVIew by the SGG Other laws already prepared or m preparation address

IBased on diSCUSSIons With natIOnal and local publIc offiCials, donors, and mdustry representatives

H-2

\'- J



huntmg, pastoral zones, use and protectIon of flshenes, and protectIon of the marme and
coastal envrronments

• The workmg group on Infrastructure, publIc works, and water resources looked at
questIons of water, mantlffie fishenes, commurucatlons Imes, telecommunIcatIons,
meteorology, classIfIed mdustrIes, and quarrIes Among the most trnportant laws WhICh
they have revIewed mclude a natIonal water law, transmItted to the SaG m September
1992, WhICh deals WIth water resources planrung and protectIon, and proposed laws on
classIfied mdustrles (updatmg the Dahrr of August 1914), publIc roads, and arr traffIC
securIty ThIS group has called attentIon to envrronmental Issues not addressed by
eXlstmg (or updatable) laws, partIcularly arr pollutIOn, nOIse, tOXICS, dIscharge
standards, envuonmental trnpact studIes, and emergency plans Most of these WIll be
covered by the LOI Cadre and pursuant applIcatIon decrees

• The workIng group on energy, mmes and mdustry has IdentIfIed the ItrnltatIons of the
Oahu of August 1914 and legIslatIon on energy sector emISSIOns, though It has not
undertaken to update them On mmes, It IdentIfIed a decree already under development
WhICh addresses pollutIon, clean technology, waste management, pollutIOn momtonng,
nOIse control, lffipact studIes, and so on ThIS proposed decree IS currently beIng
assessed by mmmg operators, followmg normal procedures for reVIew approval of
decrees LIke the preVIOUS group, thIS one also called for legal measures to speCIfIcally
address mdustrlal emISSIons, to be prepared Jomtly by the mInIstrIes of energy and
mInes, commerce and Industry, publIc works, and transport

• The workmg group on human settlements IdentIfIed a number of gaps or contradICtIons
m the laws pertalrung to human habItat, publIc health, and urban development They
suggested recommendatIons to strengthen local mstItutIons to address publIc health, and
clanfIcatIon of the roles of the local and natIonal agenCIes responsIbIlIty for health

In addItIOn, the Sous-Secretanat d'Etat pour l'Envlronnement (SSE, under-secretary of state
for envrronment) IS workmg on several other envrronmentallaws, mcludmg

• A law on protectIon of contmental water, partIcularly the Sebou RIver Basm
• A law detaIlmg the reqUlrements for envIronmental trnpact studIes,
• A law creatmg of an Agence NatIonale de l'Assamlssement (ANA) ThIS body would

oversee the plannmg and management of sewer systems and solId waste, coordmate
mvestment programs m these areas, and help local government seek fmancmg and
technIcal assIstance

• A decree concernmg the management of the Souss-Massa natIonal park ThIS IS the fIrst
natIOnal park created by the country smce Its mdependence, so Its management IS a
matter of some mterest

• A law on arr pollutIon controls ThIS was recommended by the CNE m June 1994, and
1S bemg developed WIth German support In general, It w1ll prohIbIt any emISSIons
above standards to be developed, and antICIpates sanctIons agamst those who exceed
those IlffiItS The overall methodology mvolves workmg WIth pollutmg mdustry branches
(work has begun WIth cement producers) to IdentIfy feaSIble pollutIOn control
technologIes, set acceptable standards, and negotIate branch contracts concernIng the
standards to be met and who WIll bear the costs
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Further work on the strengthernng of the legal framework and development of mdustrtal
eIll1SSIOllS standards IS antIcIpated through the World Bank's ProJet de Gestlon de
l'EnvIronnement, (PGE, EnVIronmental Management Project), dIscussed below

B Pubhc Sector OrgamzatlOnal Structure

EnVIronmental protection m Morocco IS the respollSlblhty of a number of dIfferent
government 1TI1lllstnes, cOImmttees, offIces, and agencIes In 1992, the Under-SecretarIat for the
EnVIronment (Sous-SecretarIat pour l'EnvIronnement, SSE) was created wlthm the Mlllistry of
Intenor, and gIven overall responslblhty for coordmatmg envIronmental protectIon efforts As a
new agency, staffed largely WIth young, hIghly tramed, but relatIvely mexpenenced people, It has
not yet completely found Its ruche, and many quesnons still remam about the exact allocatIOn of
responslblhty for the Moroccan enVIronment A bnef reVIew of the major lllStitutIOllS mvolved
will shed some hght on the Issues

Bl The Sous-SecretarIat d'Etat pour l'EnVIronnement (SSE)

The SSE was created m August 1992 Wlthm the Mlllistry of Intenor It IS responsIble for
encouragmg and coordmatmg the lffiplementatIon of the natIOnal envIronmental strategy and
pohcles The exact dIVISIOns of responslblhty between the SSE and the sectoral mlllistries WhICh
manage the enVIronment on a routme basIs are still bemg worked out Thus matters such as who
develops proposed legIslatIOn on mdustrIaI pollutIon, WhIch mlllistry wIll have the authonty and
techrucal capacIty to morutor comphance, or who wdl be empowered to lffipose sanctIOns for
non-comphance, are stdl very much up m the aIr Moreover, the SSE has not yet been fully
staffed, m partIcular few serVIce heads and dIrectors have been named Consequently, there IS
still more work to do before the SSE WIll be fully operanonal, WIth Its mandate clearly defmed
and accepted by all agencIes mvolved m envIronmental management

At present the work of the SSE IS concentrated m fIve baSIC task areas, of WhICh
morutormg and legIslatIve development have receIved by far the most attentIon so far

• Momtormg environmental quahty and pollutIon A sigruficant pornon of the current
actlvlnes of the SSE come wlthm thIS area of actIVIty They are managed through
several dIfferent donor projects, fmanced by the World Bank, UNDP, and the Germans

L'ObservatoIre National de I'EnvIronnement du Maroc Much of the SSE work m the
past two years has been through the ObservatoIre Nanonal de l'EnvIronnement du Maroc
(ONEM, Morocco Nanonal EnVIronmental Observatory), created WIth support from UNDP and
the World Bank ONEM IS orgaruzed mto four urnts The studIes evaluatIon and audIts urnt
coordmates the preparatIOn of local and regIOnal monographs on envIronmental problems and
protectIon, and WIll coordmate preparation of a natIOnal envIronmental actIOn plan begmrnng m
1995 ThIS has receIved consIderable support from the UNDP enVIronmental management project
WhICh has been underway for the past two years

The envIronmental data and mformatIOn system urut (referred to as SIDE, the systeme
d'mformatlon et de donnees sur l'envIronnement) expects to budd a network among data
producers and users to promote use and sharmg of data needed for enVIronmental management,
as well as bemg a center for analytIcal work Support for SIDE WIll be one of four major
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components of the World Bank's PGE The terms of reference for consultant aSSIstance to work
m thiS area are currently bemg developed SIDE IS also mvolved m developmg a database on
coastal resources, WIth support from the European Uruon, Spam, and the MedIterranean
EnVironment Techrucal ASSIstance Program (METAP)

The biodiverSity and desertlficatlon urut IS carrymg out a natlOnal study on blOdlverslty,
followmg the recommendations of Agenda 21 and the mternatlOnal conventlOn on bIOdIverSity
ThiS study wlll eventually lead to the develop data resources m the area, and to develop a
protection strategy wlthm the context of the envrronmental actIon plan It IS recelvmg support
from the Uruted Nations Envrronment Program

The envIronmental unpact studies umt IS developmg EIS regulatIons and procedures to be
followed by pnvate promoters of projects potentially affectmg the enVIronment The urnt wIll
eventually be responsible for reviewIng those EIS's and adVISIng on the acceptabilIty of the
projects In question It IS currently engaged m carryIng out the EIS's reqUIred for the World
Bank's upcomIng sewerage project, In order to fully learn what IS mvolved m conductmg and
reviewIng such studIes It IS recelvmg techrucal assistance from a Canadian consultIng fIrm In thIS
work, With support from the German project

The laboratory The LaboratOlre NatIonal d'Etudes et de SurveIllance de la Pollutlon et
des NUIsances (National laboratory for studies and morutorIng of pollUtion and nUIsances) was
created m 1991 WIth support from Germany and the UNDP It IS mvolved In envIronmental
morutonng of key areas and analytlcal studies of speCIfic envrronmental problems On the
morutorIng Side, ItS work IS focused on the Sebou baSIn, beach pollution, the MedIterranean
coast, and the Martll coastal zone Its analytlcal work has focused on a number of areas Of
partIcular Interest IS ItS work With the cement mdustry m evaluatmg ItS pollution, Identlfymg
techmcal mechamsms to reduce dIscharges, negotlatmg emISSions standards, and developmg the
legal and regulatory framework to deal With arr pollUtion ThIS work 1S servmg as a model for
sunIlar regulatory efforts to be undertaken m other sectors

• Legislation and regulation The SSE IS responsIble for coordInatmg the updatmg of
Morocco's environmental framework, as descnbed above It serves as the secretarIat of
the COmite National de I'Envrronnement, and partlclpates m the commISSIOns and
workIng groups addressmg speCIfiC legIslatIve Issues In thIS actIVIty It Will receIve
sigruficant support from the PGE The fIrst major component of that project IS focused
on bUIldmg the mstitutlOnal and Jundlcal framework for envIronmental management m
Morocco ThIS mcludes a complete reVIew of eXlstmg and future leglslatlon, bUildIng on
the work already underway through the commISSIOns and workmg groups The project
WIll prOVIde a team of InternatIOnal consultants to work With the Moroccan InstltutlOns
for a penod of two years m thiS area Particular focus Will be on the management of
tOXIC wastes, recogmzIng that the German work IS already focused on aIr pollutlon

The second major component of the PGE Will be techmcal support to develop emiSSIons
standards m five mdustrIaI sectors, tannenes, olIve 011 production, sugar processmg, textiles, and
chemicals (IncludIng phosphates) ThiS work, to be proVided by a dIfferent consultant team from
the fIrst component, Will mvolve techmcal analyses of the pollutlon reductIon options and
economic analyses of the abilIty of the mdustrles mvolved to support the costs m lIght of therr
cost structure and mternatlonal competltlveness Industries Based on the analySIS, the work Will
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mvolve negotIatmg contracts WIth the mdustry groups WhIch spell out emISSIons standards and
SubsIdIes (referred to more often as fmancIal mcentIves) be offered to help defray the pnvate
sector costs

ComplementIng the second component of the project, the PGE also envIsIons four pllot
projects to Implement the agreed-on standards and fmancIal mcentIves These are to focus on
tannenes olIve 011 m Fes, the sugar refmery and alcohol dIstillery of SIdI Allal TazI, and solId
waste management m Safl Funds for these pllots wll1 not be provIded through the PGE They
are avallable for olIve oll and solId waste from the European Dmon and the Japanese,
respectIvely, but are stll1 bemg sought for tannenes and sugar processmg

• Pubhc awareness, trammg, and mformatIon SSE work m thIS area IS focused on
dlssemmatmg InformatIon about the enVIronment m general, the Importance of
protectIng It, and WhICh actIvItIes place It at nsk PartIcular target groups are the medIa,
educators, NGOs, soclo-polItICallllStItutIOns, publIc deCISIon-makers, and the publIc m
general In thIS area the SSE IS also concerned WIth contmumg educatIOn for publIc
offICIals through semInarS, round tables, and meetIngs ThIS effort should receIve some
support from the fourth component of the PGE, whIch IS focused on enVIronmental
educatIon and trammg

• Supportmg local envIronmental actIons The SSE has a program of speCIfic techmcal
aSSIstance WhIch It IS provldmg to local governments to help them address envIronmental
problems Over two mIllIon dIrhams were allocated to these actIVItIes m 1994, WIth aId
gomg to such Issues as repaIr of a waste water treatment plant m the provmce of
Boulemane, constructIon projects to reInforce a landfill m the provmce of Sefrou,
rehabIlItatIon of ocean dunes m the provmce of Settat, and constructIon and management
of publIc taps m Sale

• CoordmatIon The SSE coordmates the actIVItIes of many mtermmIstenal bodIes
mvolved WIth the enVIronment, the most Important of WhICh IS the ConseII NatIOnal de
I'EnvIronnement

• InternatIOnal collaboratIOn The SSE IS the focal pomt for donor aSSIstance m the
enVIronment area and for Morocco's partICIpatIon m mternatIOnal meetmgs and
ImplementatIon of mternatIOnal treatIes

B2 The ConseIl NatIOnal de l'EnvIronnement (CNE)

The CNE was created m 1980, but untll the creatIon of the SSE It has not played an actIve
role m envIronmental protectIon WIth the deCISIon to create the SSE came the deCISIon to
reVItalIZe the CNE It has had several regular meetmgs smce then, and IS focusmg Its work on
legIslatIve and regulatory Issues, as dIscussed above It has four regular commIttees, on JudICIal
Issues, mternatIonal actIons and conventIons, the Sebou basm, and the natIOnal enVIronment
strategy In addItIon, It has created some speCIal cOmmIttees dealmg WIth sustamable
development, desertIfICatIOn, and natural catastrophes Although these COmmIttees are only m the
early stages of theIr work, they constItute the mstitutIOnal context wlthm WhICh the country IS
addressmg mtermlllistenal envIronmental Issues The SSE proVIdes the secretarIat for the CNE,
and coordmates actIVItIes of the COmmIttees and workmg groups
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83 Key MlDlstnes

The everyday work of managmg the envIronment, and the more strategIc work of
partIClpatmg m the CNE and Its committees, commissIons, and workmg groups, IS handled by a
number of key mmlstrles

• The Mmlstere de l'Agnculture et de la MIse en Valeur Agncole (MAMVA, Mlrustry of
Agnculture and Use of Agncultural Resources) IS responsible for all actiVIties WhIch Its
name trnphes, mcludmg crop protection and soIl conservatlOn Management of forest
and range resources and natlOnal parks IS the responslblhty of Its Drrectlon des Eaux et
Fon~ts

• The Mlillstere des Travaux Pubhcs et de la Formation Profession et de la Formation des
Cadres (MTP, or MlruStry of PublIc Works) IS responSible for all water proJects, dams,
and water qualIty measurement, as well as port construction and management The
Office NatlOnal de l'Eau Potable (GNEP, national dnnkmg water authonty) IS under the
direction of the MTP

• The Mmlstere du Commerce et de l'Industrle (MCI, MlruStry of Commerce and
Industry) IS responSIble for mdustrlal promotion Consequently, It plays a major role m
the negotIatlOns concerning mdustrIaI emissions standards and subSidies to help meet
them It IS also the source of data on mdustrlal discharges

• The Mmlstere de l'Energle et des Mmes (MEM, Mmlstry of Energy and Mmes) IS
responSible for energy productlOn and promotlOn of the mmmg sector It IS therefore
mvolved In negotiatIng emlSSlOns standards for those two sectors, and IS a source of data
on therr discharges

• The MlnIstere de I'Inteneur (MInIstry of Intenor) oversees activities of the local
collectIVltles (communes and urban communItIes) It IS directly responSible for land use
plannIng at the national, reglOnal, and local levels, and thus for mtegration of
envrronmental concerns mto the planmng process Local collectiVities are responSIble for
trash collection, landfills, sewer systems, sewage treatment, and the urban environment
In general The minIstry has a major role to play In helpmg them carry out their
responsibIlIties, technical support, fmancial analyses, and mvestment capItal The
minIstry (along WIth the MInIstry of Fmance) approves local budgets and expenditures,
and thus has control over local Initiatives on the envITonment

• The Mmlstere de la Peche Manttrne (MPM, or MInIStry of Manne Fishenes) IS
responSible for promotmg explOitatiOn of Morocco's flshenes resources Through ItS
InstItut Supeneur de la Peche Manttrne It conducts research on manne ecosystems,
quahty and quantIty of the fish stocks, and pOSSible Iffipacts of pollution on avaIlable
resources

• The MInIstry of TOUrIsm IS carryIng out a tOUrIsm management strategy, WhICh WIll
Involve conSIderatIon of trnportance of enVIronment to tounsm and assessment of
opporturutIes for resource-based tounsm other than beaches, as well as an assessment of
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the llDpact of beach and urban pollutIon on the desrrabl1Ity of Morocco as a tounst
destmatIOn

• The MmIstere de I'EducatIon NatIOnale (EducatIon MmIstry) IS mterested m the
envrronment through umversity teachmg and research m related areas

• The MmIstere de I'Habitat (Housmg MmIstry) IS responsIble for urban housmg and thus
for llDprovmg the qualIty of the urban envrronment

B4 Local Government

Local government plays a farrly mmor role m the protectIOn of the envrronment m
Morocco Although the local collectIvItIes have been gIven mcreasmg responsIbIlIty over the past
few years, and the country mamtaInS a polIcy of decentralIzatIOn, both the legal authonty and the
fmancIaI capacIty of local authontIes to address envrronmental problems withm therr JunsdictiOns
IS llIDlted On the legal sIde, they are hampered by the absence of natIOnal emISSIons standards
and by the lack of a specIfIc legal framework authonzmg them to control the actIVItIes of
mdustries withm therr borders On the fmancIaI sIde, they lack the resources to address therr own
pollutIon, through constructIon of sewage treatment plants and samtary landfills However,
several mechamsms allow them some opportumties for protectmg therr envrronment

• As mentIoned above, the Dahrr of August 1914 on claSSIfied mdustries allows local
colleCtIVItIes to regulate the locatIon of such enterprIses, to separate them from other
actIVItIes

• In extreme cases, local authonties could use the polIce power to halt nOXIOUS pollutIon,
however, thIs IS not lIkely to be effectIve as a routme way to manage mdustrIaI
pollutIon

• Some mumClpalIties have mcluded treatment of emISSIOns as a requrrement for frrms
wIshmg to locate withm an mdustrial zone, or have IllDited such zones to class I and 2
actIVItIes

• The water, sewer and electrIC compames of some cItIes (notably Agadrr and Casablanca)
have requrred mdustries wIshmg to hook up to the networks to pretreat therr wastes
Smce water, sewer, and electrICIty are all proVIded by the same company, they can, at
least m theory, refuse water and electrICIty to frrms WhICh do not comply WIth the sewer
regulatIons These compames have adopted European standards for mdustrial dIscharges,
but assume that they could be replaced WIth Moroccan ones once they are avatlable

• Local collectiVIties have the authorIty to charge fees (redevances) for servIces they
prOVIde to therr CItIZens If the rIght to dump wastes mto the commumty's water
resources IS construed as a servIce, then at least m theory the colleCtiVItIes could
InStItute mdustrIaI effluent charges as a kmd of fee for serVIce ThIS has not been trIed,
and It IS not clear that It would be approved by the MlIDstries of InterIor and Fmance If
a commumty trIed to llDplement such an approach

C Nongovernmental OrgamzatIons (NGOs)
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NGOs presently playa very lllmted role m envlfonmental protection m Morocco, but there
1S substantial mterest m mcreasmg thelf nnportance m the future There are several dozen
environmental NGOs workmg m the country2, focusmg on Issues such as biological diversity,
urban pollution, public mformatIon about the envlfonment, research on enVlfonment and
development, recyc1mg, and tree-plantmg Most of these groups are very small, W1th InnIted
budgets and membership EnVIronmental NGOs do not playa policy role m Morocco, because
the political process does not currently allow for the kmd of open debate and effectlve advocacy
that has charactenzed NGOs m the developed countrIes However, there IS considerable mterest
m strengthenIng the NGO role m nnplementmg envlfonmental protectlon measures, especIally for
communIty organIzmg, pubhc mformatIon, and bUIldmg awareness and support for envlfonmental
protection m general

2See AFJEM 1994 for an annotated list of some of them
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ANNEX I
INDUSTRIAL AND AUTOMOTIVE EMISSIONS

A Introduction to Annex

ThIS Annex reVIews the InformatIon available to the nussion team on mdustnal and
automobile enussIOns and therr Impact on natural resources m Morocco The sectIOn analyzes
emIssIons from tradillonal (1 e conventIOnal) mdustrial sources, as well as from artisanal (small)
sources and transportatIOn (mobile) sources The sectIon presents a summary of the major Issues
related to these enussIOns, and assesses theIr Impacts on human health, econonuc growth and
bIologIcal dIverSIty

B Industrial and Automotive Ennssmns

Bl Introduction to Section

ThIS sectIOn reVIews the InformatIOn available to the nussion team on mdustnal emISSIOns
of pollutants mto natural resources m Morocco The sectIon analyzes enussions from tradillonal
mdustnal sources, as well as from artIsanal (small) sources and transportallon (mobIle) sources

Overall m Morocco, the more than 6,000 mdustnal faCIlItIes are concentrated m
Casablanca, Rabat, Fes and TangIers Casablanca, however, contaIns almost 50 percent of all
mdustries m the country (Table 1)

Table 1 LocatIOn and Number of Industrial Umts m Morocco

WIlaya or Provmce Number of Industrial Umts Percentage of Total

Casablanca 2,990 49

Rabat 443 7

Fes 381 6

TangIers 341 6

Agadrr 219 4

Marrakech 211 3

Meknes 186 3

Kemtra 159 3

Other Areas 13,137 19

Total 6,067 100
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B2 AIr EmISSIons

B2a MobIle Sources

The exhaust from cars, busses and trucks represent a locally nnportant source of aIr
emISSions ApproxImately 1 185 millIon vehicles are currently m clI"CUlatIon, consummg 384,38 I
metnc tons of gasolIne and I 92 mIllIon tons of diesel (gas01I) The prImary compounds emitted
by vehicles mclude sulfur dIOXide, mtrogen OXIdes, suspended partIcles, volatIle orgamc
compounds, and lead In addItIon, the emISSIOns of mtrogen OXIdes and volatIle orgamc
compounds combme, m the presence of sunshme, to produce ozone, also known as "smog"

MobIle source emIssIons do not pose a sIgmflcant envIronmental threat, except m localIzed
areas In speCIfIc urban core areas, especIally Casablanca, Rabat, Marrakech and TangIers,
pollutIon from vehIcles IS lIkely to be very hIgh because of poor traffIC management and
extensIve vehicle congestIon durmg rush hour penods On a natIOnal level, these emISSIons are
not conSIdered sIgmflcant, although the local human health Impacts on reSidents lIvmg m these
areas may be Important

B2b IndustrIal Fixed Sources

ApproxImately 1 milhon petrol eqUIvalent tons (pet) of fuel 011 are consumed by mdustnal
sources annually, producmg approxImately 2 mIllIon tons of carbon dIOXide (C02), 180,000 tons
of sulfur diOXIde, 10,000 tons of dust and suspended partIcles, and 7,000 tons of mtrogen OXides
The emISSions of atmosphenc pollutants m major mdustrIaI provmces are summanzed m Table 2

Table 2 Annual EmiSSIOns from IndustrIal Sources by Prov1Oce (10 tons)

Provance CO2 S02 Particulates NOx Hydro- CO Fluorme
carbons Gas

AgadIr 42,600 1,80C 3,07C 658 42 8C 0

Casablanca 451,000 6,60C 2,42C 1,70C IOC 16C 912

EI JadIda 31,00C 84,000 3C 7C .:1 5 95,00C

Fes 19,00C 80 55 29C 9 37 C

Kendra 11 1,40C 2,30C IOC 26C 17 18 C

Marrakech 16,30C 8IC 1,20C 330 22 41 C

Meknes 40,000 1,50C 83C 600 40 7C a
Mohammedla 43,000 3,60C 50 100 13 ~ a
Safi 156,00C 81,00C 600 60C 34 6C lIO,OOC

TangIer 53,IOC 22C 5C 130 6 1C a
Total 944,40C 181,91C 8,405 4,738 287 48S 205,912
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Cement manufacturmg The cement manufacturmg mdustry represents one of the most
rrnportant fIXed sources of emISSIons mto the aIr The pnmary types of pollutants are dust
(caused by the rruxture of large quantItieS of soil-based products), sulfur dIoXIde and mtrogen
oXIde emISSIOnS (caused by the burnmg of fossil fuels to create heat as part of the production
process), and the release of heavy metals adhered to the surface of dust partIcles

RelatIvely few data are available on aIr qualIty m regIOns affected by emISSIOns from
cement productIon The data from the German Development Agency (GTZ) report mdicates that
total dust emISSIOns m four regIOns WIth cementaries are estrrnated as follows

FIgure 1 Total Dust EmissIOns from aU Sources m Four RegIons WIth
Cement Manufacturmg FacilitIes

Dust emiSSions In Regions of Cementanes (t/year)

Casablanca Meknes OUJda Fez

The aIr qualIty at three of the factory SItes studIed IS sIgmficantly rrnpacted by these
emISSIOns and has been momtored by the GTZ project These data show that the emISSIOns of the
three productIon faCIlItieS have a major rrnpact on aIr quahty m terms of dust partIcles m the aIr
(total suspended particles (TSP) and the depOSItIon of dust (see FIgures 2 and 3)

The cement mdustry has taken a lead m begmnmg to develop mdustrial standards and
norms for emISSIOns of dust WorkIng WIth the German ASSIstance Agency GTZ and USAID's
GEM program, the mdustry has developed emISSIon standards whIch have been accepted by all
frrms manufacturIng cement m the country

These standards WIll sigruficantly reduce the emISSIOns of dust and thereby llllprove
ambIent aIr quahty As can be seen rn FIgure 2, the overall concentratlOn of dust rn the aIr w111
decIrne by as much as 75 percent SlmIlarly, the amount of dust depOSIted rn the regIon WIll
decIme by as much as 80 percent once the standards are fully rrnplemented ThIS w111 be a major
envIronmental rrnprovement and benefIt the health of the populatIons hvmg m the reglOn of
cement manufacturmg facl1ItIes
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Figure 2 The Concentration of Suspended Particles m AmbIent AIr Near Cement
Factones, and the Levels AnticIpated With the Implementation of

Industnal Emission Standards

Concentration of Suspended Particles (ug/m3)

Casablan

Level with Standards

o 2 4 6 8 10

FIgure 3 The Level of Dust Deposited (Dry DeposItion) Near Cement Factories,
and the Level Anticipated after the Implementation of Industrial EmiSSIOn Standards

Deposition of Dust (mg/m2/day)

Casablan

Level with Standards

o 10 20 30 40 50

Whl1e the development of mdustry standards IS an Important fIrst step, no follow-on
activIties have been developed to assIst the mdustry m Implementmg these standards At present,
few fIrms possess the techmcal expertise to estImate theIr emISSIons levels AddItIOnally, a
number of factOrIes have mstalled post-combustIon and post-processmg emIsSIOns control
technology whIch IS not currently functional For example, at the Cmouca facIlIty m the town of
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Settat (near Casablanca), production lme #1 mcludes a 15-year-old Flakt baghouse and
productIOn lme #2 mcludes a newer Amencan Arr Products~ baghouse These baghouses are
desIgned to remove between 95 to 99 percent of the dust created by the productIon process
However. neIther baghouse IS operational due to a lack of spare parts. and no local serVIce IS
available Factory management noted that the lack of local serVIce vendors results m slow and
expensIve manufacturer response, and lengthy delays m gettmg the baghouse back on-lme

Petroleum refmerles The two refmenes m Morocco produce emISSIOns of sulfur dIoxIde,
rntrogen oXIdes, and volatile orgamc compounds (VOC's)

Phosphate processmg The phosphate processmg facilItIes and Safl and El Jadlda produce
204,000 tons of fluorme gas. as well as over 100.000 tons of CO2and 80,000 tons of S02 As
these facilItIes are near the ocean and far from human habItatIon. these emIsSIOns do not appear
to be envrronmentally sIgmficant

Energy generatIon The electrIC generatIon facilIties consume 1 5 mIllIOn tons of fuel 011,
1 2 millIon tons of coal and 32.000 tons of gasoil ThIS represents a small fractIOn of the total
emISSIons mto the arr from other sources, espeCIally mobile sources

Area or artIsanal sources No data eXISts on the extent of emISsIOns from artisanal
sources. such as from pottenes and bakenes However, anecdotal Information suggests that these
sources could represent Important. though very localIzed sources of suspended partIcles. sulfur
dIOXIde and other pollutants The pottenes appear to use automobile trres soaked m gasolme to
mcrease furnace temperatures. resultIng m bnef emISSIOns of very hazardous pollutants Bakenes
are an Important consumer of wood, acceleratmg deforestatIon

B3 Industrial EmiSSions Into Water

B3a Water Use

In total. mdustry m Morocco utilIzes approxImately 1.088 X 106 CUbIC meters of water per
year These water mc1udes water from the ocean. nvers and surface water (Table 3)

Table 3 Total Use of Water by Industry by Source

Otlgm of Water Usage (106 m3
) Percentage of Total Use

Ocean 877 81

Surface Water 153 14

Water from CIty SupplIes 47 4

Water from Deep Well 11 1

Total 1,088 100
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Of the water used by mdustry, the chemIcal mdustry used approxImately 97 percent, most
of WhiCh comprIsed of the phosphate processmg facihtles' use of sea water The breakdown of
water use by major mdustry sectors IS presented m Table 4

Table 4 Use of Water by Industry Type and by Water Source (m 103 cubic meters)

IndustrIal From CIty Water from Surface Sea Water Total
Sector Water Deep Wells Water

SupplIes

Agncu1ture 14,200 3,400 4,750 1,600 23,960

Textiles and 9,130 1,940 0 0 11,070
Leather

ChemIcal and 22,390 5,920 147,600 875,500 1,051,410
FertIlIzer

Mechamcal, 1,690 190 210 0 2,100
Metallurgical

Total 47,410 11,450 152,570 877,110 1,088,540

B3b. Industry EmIssIOns mto Water

The prImary pollutants dIscharged mto water resources m Morocco mclude 100,000 tons of
COD (chemIcal oxygen demand), 58,000 tons of BOD (blOlogIcal oxygen demand), over 110
tons of heavy metals mcludmg chrome, and 3,300 tons of mtrates The prImary sources of these
emISSIons are tannenes, ohve processmg, and phosphate refmmg Table 5 presents the emiSSions
from mdustrial sources mto water

Table 5 Total EmiSSIOns mto Water Per Year (by Pollutant)

Pollutant Total QuantIfy Rejected (metrae tons)

Suspended Particles 6,465,500

ChemIcal Oxygen Demand 12,600

BIologIcal Oxygen Demand 4,300

011 1,780

Phosphore 11

Fluorme 37,700

Phosphate (P2OS) 54,840

Chormes (CI) 1,900

Mercury 0015
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Tanneries The tanmng mdustry uses chrome to enrIch the texture of garments It has been
estlIDated that approxlIDately 111 tons of chrome IS dIscharged mto the Sebou RIver each year
from tannerIes based m Fes and Meknes (Table 6) A sIgmficant portIOn of thIS IS total IS
dIscharged by artlsanal tannerIes A large portIon of these dIscharges are deposIted m rIver
sedlIDent, while a small portlon IS carned downstream The deposItIOn of chrome mto the nver
sedlIDents may pose future envIronmental problems If the sedlIDent IS dIsturbed by floods or
development actlvities

Table 6 EmISSions by TextIle and Tannery Industries (Tons Per Year)

Pollutant Quantity Emitted Percentage of EmISSions
from Industry as
Percentage of Total
EmISSions of Pollutant

Suspended PartIcles 7,600 o 12

BIOlogICal Oxygen Demand 15,400 265

Chrome 111 100

Sulfur 140 100

OlIve processmg (hUllerIes) The olIve oil processmg mdustry produces an orgamc waste
byproduct known as margme, whIch IS composed of water, oil and suspended partIcles These
mdustrles emit some 1 4 mIllIon CUbIC meters of used water contammg approxlIDately 10,000
tons of margme ThiS IS the major source of water pollutIon m the Fes area, where each year
durmg the olIve processmg season water pUrIfIcatIon plants must close because they cannot
handle the pollUtlon levels

Phosphate refmmg Phosphate processmg dIscharges 6 5 mIllIon tons of suspended
partlcles, 49 tons of phosphorus, 110 tons of heavy metals and 3,300 tons of mtrates mto the
Atlantlc ocean The phosphate processmg facIlItIes dIscharge over 1,051,410,000 CUbIC meters of
water effluent, WhICh represents 96 percent of mdustrml use of water The emiSSIons from the
two phosphate processmg faCIlItIes at Safl and El Jadida are presented m Table 7

Refmerles The two refmenes produce lIqUId waste durmg the OIl-water separatIon process
m the form of 011 by-products leakIng mto the surface water systems WhIle lIttle mformatIon IS
avaIlable on the amount of thIS pollutIon, It IS unlIkely to be a major envIronmental problem

1-7



Table 7 LiqUId Emissions from Phosphate Processmg at Saft and EI Jadlda
(m Tons Per Year Unless OtherwIse Noted)

Pollutant Safl - QuantIty El JadIda - QuantIty Combmed Percentage
EmItted EmItted of EmIssIons from

both Snes as
Percentage of Toral
EmISSIOnS of
Pollutant

Suspended PartIcles 3,446,600 3,017,760 995

ChemIcal Oxygen 1,154 1,850 30
Demand

BIOlogIcal Oxygen 704 1,100 30
Demand

Fluormes 20,100 17,600 1000

Phosphates (p2Q5) 29,240 25,600 1000

Total EmISSIons 3,497,798 3,063,910 N/A

C Impacts of mdustrlaI and Automotive EmiSSions

Cl Human Health Impacts

The key human health Impacts are from the dIscharge of chrome mto water resources, and
the emISSIons of vanous aIr pollutants such as sulfur dIOXide, rutrogen OXides, partIculates and
lead from pomt and mobile sources

Chrome The smgle most Important Impact of mdustrlal emISSIons on human health IS m
the area of heavy metal discharges mto the Sebou nver from the tannmg mdustry At present
over 110 tons of chrome are depOSIted mto the nver at the centers of the tanrung mdustry Fes
and Meknes The ultImate fate of these heavy metal depOSItion m the Sebou IS not known Much
of the chrome becomes depOSited m the sedIments lffiffiedlately downstream (wIthm a few km) of
the emission pomts, espeCIally durmg dry penods when nver flow IS low A smaller portIon,
perhaps between 1 percent and 10 percent, remams m suspenSIOn dependmg on water flow
charactenstICs ThIS percentage wdl be hIgher durmg ramy penods, when mcreased nver velOCity
(flow rate) carnes a greater portIOn of the chrome downstream

Humans are exposed to chrome depOSits m the Sebou through bathmg, dnnkmg and other
activItIes In addItIon, reSidents along the nver could be exposed through skm contact when usmg
water for bathmg and other actiVItIes ConsumptIon of fish (such as shad) and mvertebrates m the
nver can also lead to mdIrect exposure

The human health ImplIcatiOns of chrome exposure mclude detenoration m organ functIon,
nervous disorders, and ImpaIrment of bone formatIon ThiS IS espeCially sigruficant for chddren

1-8



and young adults, and may result m long-term dIsabilItIes The team was unable to estImate the
number of people actually suffermg illnesses or other effects of chrome exposure

Lead While overall exposure to emISSIOns from mobile and ftxed sources of aIr pollutIOn
are not a major problem at present, the data do mdIcate that reSIdents who lIvmg near areas of
hIgh traffIC congestIon m the major urban areas are hkely to be exposed to very hIgh levels of
lead Tills exposure has partIcularly Important ramtfIcatIons for pedIatrIc health, as chIldren are
partIcularly vulnerable to lead's tOXIC effects HIgh levels of lead m the blood are assocIated WIth
mental retardatIon, neurologIcal problems, reproductIve effects, hypertensIon, learnmg
dIsabilItIes, and bram and kIdney damage The team was not able to IdentIfy measurements of
lead levels, espeCIally m chIldren's blood, durmg thIS effort PreVIOUS studIes m Bangkok and
CaIro have mdicated lead from mobile sources as a major health hazard potentIally resultmg m
reductIOns m children's IQs of four percent ThIS IS not hkely to be as major a problem now m
Morocco, because It doesn't have the automobile congestIOn or populatIOn densItIes of these
cltles However, It may become more of a problem m the future

Other gaseous aIr pollutants Apart from lead, reSIdents m hIgh traffIC congestIOn areas
are also exposed to hIgh levels of NOx, ozone, polycyclIc aromatIC hydrocarbons (PAHs), and
volatile orgarnc compounds (VOCs) These pollutants produce a WIde varIety of health Impacts
mcludmg eye, nose and throat IrntatIon, central nervous system depreSSIon, hver and kIdney
damage, headache, dlZzmess, angIna, pulmonary edema and cancer As WIth lead, these effects
are partIcularly acute m children and young adults While long-term damage can often be
reversed when exposure rates declme, some dIseases WIll perSIst, espeCially after chromc long
term exposure

Dust Exposure to dust from cement factones affects human health m two ways Chromc
mhalatIon of dust can ImpaIr respIratory functIon, and accelerate the development and seventy of
respIratory dIseases such as asthma AddItIOnally, dust partIcles often contam mmute quantItIes of
heavy metals adhered to the surface When mhaled, these heavy metals are absorbed m the lung
alveoh, leadmg to contamInatIOn of the bloodstream

Orgamc dIscharges mto rIvers Large dIscharges of orgaruc matter reduces oxygen levels
m flvers, leadmg to a declme m aquatIc plant and antmal speCIes ThIS declme results m a
lowermg of the nver system's natural self-punfymg abilIty As a result, water borne dIseases
such as dIarrhea, typhOId, cholera, conJunctIVItIS, menmgItIs and hepatItIS, become much more
prevalent The Sebou and Dum er Rbia watersheds are the most Important startIng pomts and
propagatIon zones for these dIseases The Pubhc Health MIDlstry has descnbed Fes as "cholera's
hub"

C2 EconolDlc Impacts

The econOmIC Impacts of pollutIon mclude loss of economIC resources such as fIshmg
grounds, potentIal exclUSIon from export markets, declmes m worker productIVIty from
enVIronmental dIseases and Illness, mcreased costs of medIcal treatment, mcreases m tIme and
resources expended m obtammg non-polluted water, and mcreases m costs of mamtenance of
bUlldmgs and cultural and histonc SItes
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Loss of economIc resources The emIssIons of waste water from the phosphate processmg
facIlIties at Safl and EI JadIda have corresponded wIth a rapId declme m fish populatIOns m the
areas adjacent to the outflows The avaIlable data do suggest that the emISSIOns have had a major
unpact on fIshery populatIOns, whIch represent a very valuable economIc resource Anecdotal
data and mformatlon from fIshery experts suggest that smce the constructIon of the phosphate
processmg faCIlItIes the sardme populatIOn has shIfted south WhIle It can not be ascertamed If
thIS shIft IS due to pollution, over-flshmg, or natural changes m the envlrorunent (such as changes
m ocean currents), the unpact of the emISSIons IS lIkely to have been sIgruflcant or substantIal

EconomIc loss from restrictIOns 10 market access A greater long-term economIc fisk to
the emIssIons from the phosphate processmg IS the mcreased restrIctIons m market access,
espeCIally the European Commuruty At present, the European Commuruty purchases some 29 4
percent of total phosphate exports, wIth Spam representmg the smgle most unportant export
country (Table 8) The value of phosphate exports IS approxunately $U S 59 8 millIon The
second largest unportmg country IS the UnIted States WIth almost 20 percent of total exports
valued at $U S 37 5 mIllIon

Table 8 Exports of Moroccan Phosphates by Country of Destmahon (metric tons)
(Data for 1 January - 30 September 1994)

Country of Destmatlon Exports (tons) % of Total
Jan - Sept 94 Production

European Commuruty 2,040,000 294

Uruted States 1,373,522 198

MeXICO 749,855 108

Poland 436,823 63

UEBL 391,310 56

IndoneSIa 346,742 50

IndIa 297,584 43

South Korea 205,304 30

CroatIa 178,620 26

Source Revue d' InformatIOn BMeE, February 1995

The potentIal economIC fisk stems from the acceptance of ISO 9000 and ISO 14000
standards by the European CommunIty These codes adopt tight productIon and product standards
for all goods sold m the CommunIty countrIes As part of these standards, the envlforunental
unpacts of the products and processes are consIdered, and products whIch do not meet these
envlrorunental standards could ultunately be banned from unport mto the European Commuruty
Thus, the hIgh levels of pollUtion from the phosphate mdustry could be restrIcted under ISO
codes, and could be banned from the European CommunIty

1-10



ProductIvIty losses The loss m worker productIVIty IS lIkely to be especially acute m
artIsanal factones, such as tannenes, where workers are exposed to very hIgh levels of tOXIC
substances WIth lIttle or no protectIve eqUIpment or practices ProductIVIty losses would mclude
an mcrease m absenteeIsm due to medIcal problems, reduced productIVIty while at work,
mcreased number of breaks requrred by workers, on-the-Job problems of headaches, dIZzmess
and famtmg These productIVIty losses are not likely to be realIZed m formal natIonal accounts,
because of the mformal nature of thIS type of employment AddItIOnal losses m productIVIty could
also be pronounced for those workers IIvmg ImmedIately downstream (or downwmd) of major
pomt sources

Increased costs of medIcal treatments For mdlvlduals exposed to hIgh or chromc levels
of mdustrlal pollutants, resultIng medIcal problems WIll raIse the costs of medIal treatments
WIthout addItional data, the magmtude of these costs can not be accurately assessed

TIme spent securmg clean resources For the tens of thousands of persons dependmg on
the Sebou and other polluted nvers for pnmary water sources, econOffilC costs can be associated
WIth filtermg water, accessmg less polluted stretches of nver, and other behaVIOrs

Increased costs of mamtenance Sulfur dIOXIde, mtrogen OXIdes, ozone and other arr
pollutants accelerate the decay of the exposed surfaces of bUIldmgs and hlstonc SItes, mcreasmg
mamtenance costs and pOSSIbly permanently damagmg pnceless cultural SItes and artIfacts The
mcrease m mamtenance costs extends to houses, bUIldmgs and other property where the costs
mclude more frequent pamtmg and reparr and replacement of extenor walls and wall covermgs
The permanent damage to cultural and hIstonc SItes lffiposes a cost sIgmficantly hIgher than mere
replacement costs

C3 Impacts on BIOlOgIcal DIversIty

The two most lffiportant lffipacts of mdustrlal pollutIon on bIologIcal dIverSIty are the
effilsslons of heavy metals and orgaruc matter mto nvers (such as the Sebou) and the dIscharges
of phosphate processmg facilIties mto the AtlantIC Ocean

DIscharges mto rIvers Industrial dIscharges mto nvers, especIally the Sebou, have
sIgmficantly reduced the level of bIologIcal dIverSIty downstream ThIS IS espeCially lffiportant m
the case of fISh and mvertebrate speCIes, as well as some plant speCIes The Sebou RIver IS
largely deVOId of many speCIes ongmally found m abundance downstream of Fes and Meknes It
IS consIdered effectively dead for at least 22 ffilles downstream of Fes These lffipacts may be
carned out to the wetlands and coastal zones as well

Phosphate processmg dIscharges mto the AtlantIc As noted above, the development of
two major phosphate processmg facIlItIes at EI Jadlda and Safl has paralleled a rapId dechne m
sardme populatIOns m certam areas of Morocco's coastlme Anecdotal and flshenes data suggest
that smce the construction of the phosphate processmg faCIlItIes the sardme populatIon has shIfted
south ThIS shIft may be due to a varIety of factors workmg smgly or m concert These factors
mclude pollution, over-flshmg, or natural changes m the envrronment (such as changes m ocean
currents or movement of phytoplankton) At present, the lffipact of the emISSIOns IS not fully
known, but IS likely to be sIgmficant or subStantIal While sardmes themselves are not an
endangered speCIes, there IS some concern that they may be an mdlcator speCIes for overall
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blOlogical dIverSIty m those areas If So, then the dIscharges could be havmg a major Impact on a
wIde varIety of marme lIfe

D ConclusIons Comparisons of IndustrIal and AutomobIle EmiSSIOns

The Problem Assessment MatrIx for IndustrIal and Automotive EmIssIons (see below)
suggests that envIronmental problems facmg Morocco can be broken down mto two mam
categones These are problems of prImary Importance and those of secondary Importance

Dl PrImary EnVironmental Issues

The Problem Assessment MatrIX IdentIfIes four major types of pnmary enviromnental
Issues facmg Morocco m the area of mdustrIal and automobIle emISSIOns These are

• EmISSIons mto the water of chrome from tannenes m the Meknes and Fes reglOn

• Orgamc dIscharges from the olIve processmg mto the Sebou RIver m the area of
Meknes,

• EmISSIons of suspended partIcles and heavy metals from phosphate processmg mto the
Atlantic Ocean m the areas of Safl and £1 JadIda, and

• EmISSIons of lead from mobIle source emISSIons m areas of hIgh traffIC congeStion m
major urban centers such as Casablanca, Marrakech, TangIers and Rabat

A reVIew of expert opmlOn m Morocco would support the mcluslOn of the fIrst two Issues
as very hIgh pnonty envIronmental concerns However, expert opmIon IS sIgmficantly dIVIded
over the lffiportance of phosphate processmg emISSIons on the blOlogical dIverSIty of the AtlantIC
coast regIOn As noted earlIer m thIS report, data are mconclusive as to the cause (whether
natural or the result of pollUtion) of the movement of the sardme populatIon south of Safl and El
JadIda, and to whether thIS movement IS a reflectlOn of overall Impact on the oceamc
enVIronment of phosphate waste water dIscharges A study earned out by the SCIentIfIc InstItute
of Manne Fishenes does show very hIgh levels of P04

, cadmIUm and other phosphate waste
products to be 3 to 10 tunes hIgher near the dIscharge pomts than elsewhere along the coast
(EvaluatlOn de La Salubme du Littoral Medlterraneen et Atlantzc Nord (Sazdla - Safi) Durant La
PerlOde 1992-1994, InstItut SCIentIfique des Peches Mantlffies, 1994) The InstItute IS currently
carrymg out a more detaIled study to assess the unpact of phosphate dIscharges on the marme
ecosystem

The lffiportance of lead exposure from mobIle source emISSIons IS, on a country-wIde baSiS,
somewhat less Important than suggested by the Problem Assessment MatrIX However, the
analySIS does correctly mdicate that m certam localIzed urban centers, the problem of mobIle
source pollutIon may be of greater magmtude m ItS Impact, than IS generally acknowledged m
Morocco at present
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D2. Problems of Secondary Importance

The results of the Problem Assessment MatrIX mdlcates that three types of effilsslons from
mdustrlal and automotIve sources are of secondary unportance to human health and bIOlogIcal
dIverSIty These three Issues are

• MobIle source emISSIOns of sulfur dIOXIde, mtrogen OXIdes, suspended partIculates

• AIr emISSIOns from mdustrml fIXed sources

• AIr emISSIOns from area or artIsanal sources

These results conform to generally held 0plllion wIthm the envIronmental commumty,
although the lack of data mhIbIts further analySIS An aIr qualIty momtormg program would help
IdentIfy the relatIve Importance of these sources to Moroccan aIr qualIty problems
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ANNEX J
PROJECT SUMMARIES

A Project OptIOns

ThIS sectlon provIdes bnef summanes of the project optIOns IdentIfied by the team Each
summary descnbes the problem, the mam project features, the estlmated costs and benefIts where
appropnate, mdlcators to help momtor the project results, evaluatlOns agalllSt the scormg cntena,
related actIVItIes of other donors, pOSSIble mteractlons WIth other donor actIVItIes, and other
factors to be consIdered m project development and lIDplementatlon

Thrrteen projects are descnbed on the followmg pages

1 Protected zones for drllikmg water mtake
2 Samtary landfill management
3 Management support for sewage collectIon and treatment
4 Integrated watershed management
5 Eco-tounsm development m Morocco's mtenor
6 Artlsanal tannery lIDprovement
7 Arr quahty lIDprovement and momtormg
8 Phosphate processmg eIDlSSlons ellIDlllatlon
9 IndustrIal pollutIon preventlon
10 Water eroslOn of soils
11 Dune encroachment control
12 Qum er Rbla RIver catchment basm management and envrronmental quahty
13 Sebou mtegrated management plan

PrOject 1 Protected Zones for Drmkmg Water Intake

PrOject deSCriptIOn The project would COnsISt of strengthenmg the procedures for
ldentlfymg and estabhshmg protected zones whIch QNEP IS currently engaged m developmg WIth
German support, and applymg these procedures m one or more pliot areas, chosen on the baSIS
of ONEP pnontles, and If reasonable so as to complement other USAID efforts to reduce ground
water contammatlOn The effectIveness of thIS work will depend on the GOM lIDplementmg the
legIslatIon necessary to mandate the procedures developed by ONEP Such legIslatIon IS not
under ONEP control

Problem deSCription Wells used for drmkmg water are not protected agalllSt pOSSIble
contammatlon of groundwater Such protectIon IS assured usmg protected zones withm WhICh all
pollutmg aCtlVIty IS regulated Such protected zones do not yet eXIst m Morocco
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Indicators

• Techrucal procedures for Identlfymg and establtshmg protected zones are accepted by
ONEP

• ONEP has taken all steps under Its JunsdlctIOn to ensure legal recogmtlon of these
procedures

• Protected zone and acceptable activities wlthm It are IdentIfied for at least one pIlot site

Cost $300K, 6 months of TA plus local travel, mCldentals

Benefits $0 5·$1 0 millIOn At present, If a well IS faced With short-run contarnmatlon, It
IS shut down munedtately to protect the water supply For chromc pollution such as agncultural
runoff, closmg the well temporanly IS not an option, and It must be closed and replaced One
well costs about $170,000 However, as the population denSity mcreases over tune and water
demand mcreases, It Will not always be possible to replace wells Therefore aVOldmg these costs
IS preferable Moreover, several wells are typically grouped together, and would have a smgle
protection zone Therefore the benefits of aVOldmg one contammatlon mCldent might be between
$0 5 and $1 mIlhon Moreover, once the procedure IS establtshed It can be apphed to all wells m
country

Evaluation

Importance of problem
Impact of project
Pnonty of GOM

Pnonty of USAID
U S comparative advantage
Opporturntles for U S frrms
Sustamablhty

Donor actiVIties

NGOs

325
4
4

4
1
1
3 to 4

3

Water protection IS a high pnonty of the Moroccan
government
Responds to two program outcomes

Moroccans Will be tramed to do It but It depends on
legislation bemg approved by government
ThiS complements German work, and httle formal
collaboration needed

Interactions Work With ONEP, collaborate With Germans ThiS should be straightforward
Eventually unplementmg the zones Will reqUire legal authonty and collaboration With affected
frrms ThiS may reqUire a process of negotiatIOn, particularly for firms already m place

Other needed activIties Held diSCUSSions With ONEP to see how far therr German
supported work has gone and what addltlOnal work IS needed to estabhsh procedures Select the
pIlot reglon(s)

J-2



PrOject 2 Samtary Landfill Management

PrOject descriptIon The project WIll COnsIst of workIng WIth several local governments
on

• IdentifIcatIOn of techrucal needs for a landfill and chOice of a SIte (carrymg out
necessary studIes, negotIatmg an agreement among mterested partIes concernmg the
SIte)

• Helpmg local authonty to IdentIfy mvestments funds to build the landfill and fmancIaI
mecharusms to ensure appropnate mamtenance

• StudIes to assess the VIabilIty of subcontractmg or pnvatIZation of the dIfferent steps
mvolved m trash collectIon and management

• StudIes to assess commerCIal VIabIlIty of recyclmg trash
• Trammg local authonties on the management of the systems IdentIfIed through the

studIes (subcontractmg, pnvatIZatIOn, recyclmg, publIc management of all actIVItIes)
ThIS may mvolve overseas stays to work WIth sImI1ar organIZatIOns

• Involve a selected natIOnal authonty m the preVIOUS fIve steps to ensure that thIS
approach can be transferred to other CItIes

Project could also mvolve work WIth local commumtIes and NGOs to build publIc
awareness about better trash management, puttmg thmgs m trash bIllS, recyclmg, baggmg trash,
etc

Problem deSCriptIon There are currently no samtary landfills m Morocco EXIstmg trash
dumps cause a varIety of envIronmental hazards Local governments lack both the fmancial and
the human resources to mtroduce proper solId waste management

Indicators

• Household waste correctly managed (collectIon, storage) m the pilot CIty

• NatIOnal authonty IS workIng WIth 3-4 other CItIes to help them go through the same
process

Cost 1 person full tIme for 3-4 years, $1 M
Trammg of local staff, natIonal agency personnel, pnvate sector, etc, $IM
LOgIStiCS, $500K
Rough total, $25M

Benefits Better management of waste m the CItIes concerned, resultmg m Improved urban
qualIty, less threat to ground water, reduced dIsease partIcularly m adJommg rural areas where
people use well water, reduced pressure on the drmkmg water system Transfer of new
approaches to other CIties through the natIOnal agency whIch IS mvolved Overall magmtude of
the problem mvolved IS large, as are potentIal benefIts

J-3

\ I"



Evaluation

SustamabIhty 4

Importance of problem 2 3
Impact of project 4
Pnonty of GOM 4
Pnonty of USAID 5
U S comparatIve advantage 4
OpportumtIes for U S frrms 3

Donor actIVItIes
NGOs

2
3

Concern about water supply
It addresses all three program outcomes

Possibulty of some opportumtIes m pnvatIZatIon or
contract management of trash
If natIOnal offICIals are well tramed, the approaches
should be transferable to other cItIes ThIS depends
on fmdmg the InItial mvestment fundmg and on the
local government managmg the fmancmg
responsIbly to ensure adequate mamtenance

Interactions 2 GOM agencIes and local governments only No other donors Involved at
thIS tIme

Other needed activIties IdentIfy the correct natIonal authonty IdentIfy cItIes to begm
work

Project 3 Management Support for Sewage CollectIOn and Treatment

Project description The mfrastructure reqUIred to collect and treat human waste IS beyond
the fmancIaI abIhty of USAID to provIde However, USAID IS m a pOSItIon to provIde the
techmcal aSSIstance, traInmg, and InstItutIonal and management WhICh wIll be need to make the
most of capItal Investments In sewerage when they are avaIlable The World Bank IS now
developIng a major project through which they wIll make loans avaIlable to make the needed
capItal Investments In a number of cItIes A useful USAID aCtIVIty would be to prOVIde the
complementary management support needed to help the Moroccans make the most of these
Investments ThIS would Involve work m one pIlot CIty and WIth appropnate natIOnal agenCIes
(probably the DIreCtIon de l'Eau et de l'Assamissement, the DIrectIon des RegIes, ONEP, or
others) to do the followmg

• Work wIth Moroccan engmeenng consultants to carry out the techrucal studIes needed
for the pIlot CIty

• Helpmg the local authonty determme how It wIll cover Its loan payments and operatmg
costs for the new system, followmg the World Bank's pnnciple (a reqUIrement for theIr
loans) that operatmg costs must be covered by those benefIttIng from the system

• Assess the VIabIhty of pnvatIZmg or contractmg out the constructIon or operation and
mamtenance of parts or all of the sewage collectIon and treatment system

• Tram local authontIes (and pnvate enterpnses, if pnvatlZmg or subcontractmg IS VIable)
on how to operate, maIntam, and manage the new system For some people thIS may
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mvolve workmg m slllll1ar orgarnzatIOns m France to get hands-on expenence
• Work WIth the natIOnal authontles mvolved to develop strategIes for transferrmg thIS

expertlse to other Cltles

Problem description The dIscharge of raw sewage mto streams, nvers and the ocean IS
consIdered by many people to be Morocco's most senous enVIronmental problem As populatIon
grows m the next 20 years, Morocco's nvers WIll mcreasmgly resemble open sewers, dnnkmg
water supply WIll be threatened, dIsease rates will nse, and the physIcal enVIronment m WhICh
poor people hve will be s1ll1ply abysmal

Indicators

• In the pilot CIty, personnel tramed, constructIon of the system contracted for, VIable cost
recovery plan developed, etc Tlffiffig of the project may not allow the completIon of the
system to be an mdicator

• NatIOnal authontles are workmg WIth 3-4 other cltles to go through the same process,
perhaps also m conjUnctIon WIth World Bank capItal support

Cost 1 person full t1ll1e for 4 years $1 M
Short term TA, 20 months $0 5 M
Trammg $1 M
LOgIStICS $0 5 M
Rough total $3 M

Benefits Better wastewater management m the pilot CIty, leadmg to 1ll1proved urban
quahty, less dIsease, and less threat to drmkmg water supply By devotmg much of the effort to
workmg WIth natIOnal authontles, the chances are great that the learnmg WIll be transferred to
other CItIes, and benefIts will be WIdespread However, thIS depends on avallablhty of mvestment
capItal from other sources

Evaluation

Importance of problem
Impact of project
Pnonty of GOM
Pnonty of USAID

U S ComparatIve Advantage
OpportumtIes to U S frrms

SuStaInablhty

327
4
5
4

I
3

3

Sewerage IS very hIgh pnonty to the GOM
ThIS works toward 2 program outcomes - pIlot
actIVItIes and natIonal mstitutIOnal strengthenmg
(assummg natIOnal mstitutIonal support WIthout
pollcy reform IS part of program outcome I)

POSSIble opportumlles m pnvate sector management,
mtroductlon of treatment technologIes
The trammg prOVIded to national OffiCIalS WIll
ensure sustamabillty of techmcal skills, but thIS
depends on loans bemg avaIlable from other sources
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Donor actIVItIes

NODs

4

1

to buIld the systems
ThIS actIVIty WIll complement the World Bank's
Second Sewerage Project

InteractIOns The World Bank IS dlscussmg major fmancmg for sewerage projects, and It

IS trymg to develop a $200 mIllIon project for the Sebou nver that would contam many of the
features dIscussed here

Other needed actIvIties DISCUSS the project WIth the World Bank, the DEA, other natIonal
mstItutIons, and target CItIes

PrOject 4 Integrated Watershed Management

PrOject description An mtegrated watershed management approach Imkmg upland
sustamable land use management practIces to lowland water resource use IS needed to manage
Morocco's watershed resources ThIS approach should mc1ude IdentIfymg costs and benefIts of
eXlstmg and potentIal sustamable practIces (e g , soIl eroSIon control, water conservatIon,
reforestatIon, farmmg systems, alternatIve energy, small enterpnse), recommendmg polIcy
reforms and cost-effectIve economIC mcentIves WhIch encourage sustamable watershed
management (e g , land and tree tenure, taxatIon of urban populatIon grazmg annnals on the
mountam enVIronment), developmg a cost-effectIve watershed management plan, establIshmg
commumty resource management agreements between the government and resource users, and
momtormg the IInle between nnproved upland watershed management and the avaIlabIlIty of
benefIts (e g , water resources, wIldlIfe conservatIon, agncultural, mcome) A potential SIte IS the
mountams above the USAID/Tadla Project area

Problem deSCrIption Unsustamable forest utIlIZatIOn, agncultural practIces and lIvestock
management are leadmg to watershed degradatIon, soIl erOSIOn, declImng agncultural prodUCtIVIty
and loss of nnportant wIldlIfe habItat, and are also destroymg the rural populatIOns prnnary
source of fuelwood resources These are also causmg sIltatIon of reserVOlfS, leadmg to reductIons
m electnc power productIon and Irngation water, loss of fuelwood, and loss of WIldlIfe habItat
Because of the many complex ecosystem mteractlons, pIecemeal approaches addressmg smgle
aspects of the problem are meffectIve, and a more comprehenSIve approach IS needed

Indicators Development of a regIonal watershed management plan approved by natIonal
and local offICials and the affected local commumtles, nnplementatIon of nnproved watershed
management and ecosystem conservatIOn practIces, reductIons m the rates of land degradatIon,
loss of land due to erOSIon, deforestatIOn, and endangered speCIes preservation, and mcreases m
agncultural productiVIty

Evaluation

Importance of problem
Impact of project

29
4

(See Problem DescnptIon above )
ThIS project WIll mcrease rural mcome by reducmg
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Pnonty of GOM

Pnonty of USAID

Trade
SustamabilIty

Donor actIvItIes

NGOs

4

5

1
4

3

3

loss and degradatlOn of land, mcreasmg agncultural
productIVIty, mcreasmg fuelwood resources,
lIDprovmg water qualIty, protectIng lIDportant
wildlIfe and plant habItats, and promotmg adoptlOn
of sustamable practIces conservmg resources for the
future It can serve as a model for slIDilar actIvItIes
mother reglOns

The GOM has mdicated a strong mterest m
watershed management to USAID/Morocco
USAID IS mterested m and has expenence m these
areas
MilllIDal
Good, smce some rural mountam commumties have
shown receptIvIty to mnovative Ideas and
techmques, and econOffilC focus lIDphes benefIts
should be self-sustammg
The German Development Agency (GTZ) and the
AfrIcan Development Bank are supportmg protected
area management plans, but there are no
comprehensIve management planmng aCtivIties for
remote areas
The Peace Corps provIdes techmcal assIstance, and
BrrdlIfe InternatlOnal IS assIstmg the Department of
Water and Forests m related actIVItIes We do not
know of major local NGO actIVIties

PrOject 5 Eco-tourIsm Development m Morocco's InterIor

Project descriptIOn A tounsm plan would be developed based on ecologIcal and social
field assessments The ecologIcal assessment WIll IdentIfy and assess SIte ecology A SOCial
assessment will evaluate local commumty utIlIzatlOn (huntmg, matenals, recreatIon, etc) A
tounsm plan will evaluate tounsm potential, mfrastructure requrrements, allocatlOn of economIC
costs and benefits, enforcement, momtormg, and management responsIblhties

Problem description Morocco can capture econOffilC benefIts from eco-tounsm m mtenor
areas WhICh have umque forested areas, WIldlIfe, areas of histonc mterest and mterestmg
cultures However, If not properly managed harm can result from uncontrolled development,
diSruptlOns m rural commumtIes, and degradatlOn and destructIon of remote ecosystems The
government has no national tourIsm plan balancmg envrronmental and economIC needs

Indicators A natlOnal tounsm strategy and actlOn plan for mtenor areas agreed to by
natlOnal and local government offiCials and affected commumtIes, and lIDplementation of thiS
process for at least three SItes, SIte econoffilc, ecologIcal, and SOCial benefits
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Pnonty of GOM 3
Pnonty of USAID 3

Trade I
SustamabIllty 3
Donor activities 3

EvaluatIOn

Importance of problem
Impact of project

NGOs

2
3

3

(See Problem descnptIon above)
The project wIll contribute to both economIc
development and the conservatIOn of protected areas
m Morocco A major uncertamty IS how many eco
tounsm areas are economically viable
Moderate
ThIs provIdes economic development while asslstmg
endangered ecosystems
Mllllffial
Some market demand IS eVident
Peace Corps provides techrucal assistance The
French support tOUrIsm development m the Toubkal
NatIOnal Park area The GTZ and the Afncan
Development Bank support protected area
management plans
Brrdhfe International IS asslstmg the Department of
Water and Forests momtor tOUrIsm lIDpacts m
protected areas and workmg With local NGOs and
donors

PrOject 6 ArtIsanal Tannery Improvement (ATn Project

PrOject deSCrIption USAID has an excellent opportumty to tackle the chrome emissions
from tannenes m Fes through a program targetmg artlsanal emitters Although small, these
emitters contribute a slgmflcant portion of the total chrome emissIons A project mterventlOn
could prOVide low-cost pollUtion prevention technologies and leverage USAID's mvestment m
concert With World Bank and European Commumty projects focusmg on lIDprovmg water qualIty
m the Sebou River While artIsanal activIties are the toughest to get to do anythmg-poor levels
of education, SuspICIOn of new techrnques, high nsk averSIOn, expensive to reach-the ATI
project would focus on provldmg a particIpatory environment, coupled With emphasIs on NGO's
and local groups to overcome these obstacles Because the ATI would focus on low-cost pollution
prevention and educatIOnal actIVities at the NGO level, the project would have a high benefit
cost ratio

An ATI project would (1) proVide techrncal assistance to local agencies mvolved m the
tannmg mdustry m Fes and Meknes, (2) work with the Agency for the DedenslflcatIon of the
Medma (ADER) and NGO's to overcome current obstacles which mhlbIt the movement of
tannenes from the densely populated medma to new mdustrIaI zones, and (3) Implement a polIcy
component to develop mdustry-based standards

The project would also work With the tannery cooperatives and other NGO's m the Medma
and Industrial zone to proVide technical assistance m reducmg chrome emissions The project
would focus on developmg pIlot projects m the Medma and developmg cost-effective pollutIon
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preventIon and end-of-pipe measures to reduce pollutIOn while potentIally Improvmg productIVIty
Included m tillS techrucal assIstance (TA), could be a component to promote the development of
pnvate sector serVIces to receIve and treat tannery wastes, recycle the chrome, and resell the
wastes to tannenes at a reduced costs, thus provIdmg addItIOnal econOmIC mcentIves for tannenes
to cooperate wIth the program

AddItIOnal TA could be targeted to mdustrIes, local government, and the SSE to assIst m
the development of mdustry-based envrronmental management performance standards and a
Sebou momtormg system to assess the Impacts of the project on chrome concentratIons m the
nver In addItIOn, the ATI should mclude a publIc educatIon component, mformmg CIty resIdents,
school and umversity students and local government officIals of the Importance of reducmg
mdustrIaI emISSIons and therr Impact on human health and the envrronment

Problem description ApproxImately 110 metrIc tons of chrome are deposIted annually
mto the Sebou RIver, causmg sIgmficant human health and bIOlogIcal dIversIty Impacts A
sIgmficant portIon of these dIscharges emanate from small artisanal tannenes

IndIcators Amount of chrome m the nver, amount of chrome recycled, the number of
tannenes Implementmg project paper (PP) procedures, the actIve endorsement of tannery
cooperatIves and mdustry groups, and the attendance of artisanal tannenes at pollutIon preventIon
semmars

Evaluation

Importance of problem 4
Impact or project 4
Pnonty of GOM 5
Pnonty of USAID 5
U S comparatIve advantage 3
Trade 2
SUStaInabilIty 4
Leverage 5
NGOs 5

Project 7 AIr Quahty Improvement and Momtormg (AQIM) Project

Project deSCription The AQIM project would focus on provIdmg Techrucal AssIstance to
develop aIr qualIty momtormg program, IdentIfymg pnmary actiVIties for reducmg emISSIOns,
developmg mdustry standards, and workmg WIth a WIde range of stakeholders mcludmg mdustry
groups and the SSE to develop ambIent standards In addltlon, speCIfIC demonstratIon projects
would be developed at selected factory SItes to prOVIde adVIce on engmeermg and finanCIal
mvestment tOpICS to aSSIst the frrm m desIgnmg and fmancmg envrronmental mvestments The
fmancml mvestment aSSIstance could take the form of provldmg small grants or SubSIdIes to US
vendors m lfiStallmg new emISSIOns control technology, but the prImary emphaSIS would be on
helpmg factones access natIOnal and mternatlOnal mvestment sources
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While thiS prOject would not address the most Important envrronmental Issues facIng
Morocco, It would have a relatIvely low polItIcal nsk, and could put USAID at the forefront of
aIr qualIty efforts In the country In addItIon, sigruficant U S trade opporturutIes could eXIst for
provIders of envIronmental products and serVIces, where the U S has a clear competItIve
advantage on the world market The project would also leverage the work beIng done by the
German Development Agency (GTZ) and GEM In arr qualIty Issues surroundIng the cement
Industry

Problem descrIption Arr qualIty In localIZed urban areas, and adjacent to specIfIc factones
of sigruficantly exceeds any InternatIonally recognIZed standards The pnmary sources are
vehIcles and specIfIc IndustrIes (both modern and artIsanal) At present no comprehensIve
program addresses aIr quahty, msufflclent data eXIst to Implement an effectIve air qualIty
management proJect, and few of the major emItters have mformatlOn on therr own emISSIon
levels

Indicators ReductIons of emIssIons from key emItters, development of a morutonng
program, Improvement m aIr qualIty (sulfur dIOXIde, dust, rutrogen OXIdes, and ozone)

Evaluation

Importance of problem 3
Impact of project 3
Pnonty of GOM 2
Pnonty of AID 3
U S ComparatIve Advantage 4
Trade 5
SustaInabIhty 5
Leverage 4
NGO I

Project 8 Phosphate Processmg EmiSSIons EhmmatIon ~E2) PROJECT

Project descrIptIOn A Techrucal ASSIstance program to reduce water and aIr emISSIons
would focus on developIng morutorIng of arr and water qualIty, IdentIfyIng prImary actIVItIes for
redUCIng emISSIons, proVIdIng TA to factones, and workIng WIth the Industry and SSE to develop
emISSIon standards The focus of the TA would be the cost-effectIve pollutIon preventIon actIons,
mcludIng the recyclIng of solIds (for pOSSIble sale to the cement Industry) and rutrates (to the
fertIlIzer Industry) The TA would utIlIZe the extensIve expertIse avaIlable m the Uruted States
pnvate sector In reducmg emISSIOns from phosphate processmg IndustrIes

The ImplementatIOn of cost-savIng pollutIon preventIOn techruques would serve as an
excellent example to other IndustrIes of the fInanCial and envIronmental benefIts of thIS approach
The P2E2 project would have sigrufIcant trade opportumtIes for U S envrronmental technology
and serVIce prOVIders The GEM project has shown that workIng With Industnes to develop
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standards can be lugWy cost effectIve The pnmary project nsk, however, IS the strong pohtical
posItIon of the mdustry withm the government, and the receptIvIty of the company to outsIde
assIstance Imoal conversatIOns WIth seruor members of the Mlllistry of Industry and Mmes does
suggest, however, that the correct approach to the government could overcome many of these
pohtlCal nsks

PrOject problem Wastewater effilssions could be causmg sIgmficant harm to the ocearuc
bIOlogIcal dIversIty and fishenes mdustries

IndIcators Reducoons m arr and water effilssions

EvaluatIOn

Importance of problem 3
Impact or project 4
Pnonty of GOM I
Pnonty of USAID 3
U S comparaove advantage 3
Trade 4
SustamabIhty 3
Leverage 4
NGO I

PrOject 9 IndustrIal PollutIOn PreventIon Project (lP3)

Project descnptIOn The IP3 project would focus ItS acovioes on envrronmental audItmg
and workmg WIth mdustry groups to develop mdustry-Ied standards and demonstrate cost
effectIve polluoon preventIOn strategIes AddItIOnal project aCOVIoes should be developed after
the upcommg evaluatIon on the GEM project IS carned

The IP3 project would bUIld on the successes of the GEM project and target polluoon
preventIOn and envrronmental audItmg actIVItIes As such, It represents a low nsk, hIgh Impact
project leveragmg AID's prevIous mvestments The project would leverage the mvestments m
polluoon prevenoon bemg carned out (or to be carned out) by the World Bank, European
Commuruty, and place USAID m a posItIon of leadmg the pollutIon preventIOn effort

Problem descnptIon Few mdustries have developed standards for arr and water pollutton
emIsSIOns The GEM project has demonstrated, m the case of the cement mdustry, that the
development of mdustry-sponsored standards, through sector cells (1 e mdustry aSSOCiatIOns) IS
the most appropnate paradIgm for lllitIattng envrronmental management practIces m Morocco A
IP3 project would focus on the pnvate sector, contmumg the pollutIOn preventIOn audIts of the
GEM project, and expand areas of acovity to mclude trammg and mformatIOn dissemmatton The
sectors WhICh IP3 should target mclude sugar refmenes, textile producers, agro-mdustrIes, and
other mdustries not targeted by the World Bank and European Commuruty projects
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IndIcators ReductIOns In aIr and water emIssIons from facIlItIes

Evaluation

Importance of problem 4
Impact of project 5
PnorIty of GOM 4
PnorIty of AID 4
ComparatIve Advantage 4
Trade 3
Susta10ablhty 4
Leverage 3
NGD 1

Project 10 Water ErOSion of Sods

EIght project optIons are grouped together here because they share many of the same
charactenstics They wIll assIst efforts of the DIVISIon of Land RehablhtatIon and ConservatIOn
(DRCTA) that was estabhshed 10 1993 as a part of the Adm1OlstratiOn du Geme Rural 10 the
M10lstry of AgrIculture to deal WIth the problems of land protection WhICh are not addressed by
eIther forestry or IrrIgatIon

OptIon 1 RIf Soil ErOSIOn Control Project Because of Its rehable raInfall the Rlf has a
WIde range of sod conserv1Og productIon practIces WhIch could be 1Otroduced Forage
crops are one of the best protectIons agamst sod erOSIOn GIven the ralnfall condItIOns,
forage crop production IS an optIon 10 the Rlf Improv1Og ohve production by us10g
reta1010g walls has already been 1Otroduced 1Oto the Rlf and IS be10g adopted

OptIon 2 The Al Wahda Dam Project ThIS dam IS currently under constructIon and IS
scheduled for completIon thIS year When It IS completed It w111 be the second largest dam
10 Afnca after the Aswan HIgh Dam 10 Egypt It IS located on a tnbutary of the Sebou
RIver, the Ourgha RIver, about 60 mdes north of Fes The catchment basm covers 614,000
hectares of WhICh 70 percent IS used for dryland agnculture The study for watershed
protectIOn IS not yet completed but It IS expected that three SItes w111 be IdentIfIed for pdot
projects

OptIon 3 The TangIers Project In TangIers Prov1Oce 64,000 hectares have been
IdentIfIed as be10g at rIsk There IS one reserVOIr 10 the target regIon but the project IS not
hmIted to Its catchment basm Opportumty cost on the land WhICh IS at nsk has been
establIshed at from 800 to 2,500 dh/ha/yr No work has been started on thIS project

Option 4 The Southern Atlas Sod ErOSion Control Project Two drought reSIstant
perenmal crops, almonds and pnckly pear cactus, WIll be used to encourage sod conserv1Og
tillage practIces Both of these crops are already valued In the regIOns where they w111 be
used for sod conservatIon In thIS project the fact that water harvest10g and sod
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conservatIOn are complementary actIvIties will be explOited m the selectIOn of plantmg sItes
and retammg wall constructIOn

OptIOn 5 The Agadrr Project A total of 118,000 hectares have been Identified as bemg
at nsk m the provmces of Agadrr, Essaourra, Narrakedl, Azilal and TlZrnt The local
populatIon approach the Mlllistry of Agnculture and the IAV for help m reestabhshmg
almond productIon m the regIOn A pilot project of 18,000 hectares has been IdentIfIed near
Agadrr Under dryland condItIOns almonds will generate revenues of about 1,200 dh/ha/yr
It would be the retammg walls WhICh would be built to nurture the trees and not the trees
themselves WhICh would protect the sOlIs Trees would be located where the comphmentary
processes of water harvestmg and soil conservatIOn by the retammg walls would be
facilItated

Option 6 The Kalae des Sraghna Project A total of 50,000 hectares have been IdentIfied
m the provmces of Khounbga, SafI, Taroudant, Bern-Mellal, Azilal, Manakede, Guelmme,
Khernfra and Chlcharna A pIlot project of 6,000 hectares has been IdentifIed near Kalae
des Sraghna In this project It IS proposed to mtroduce pnckly pear cactus as a soil
protectmg crop ThIS crop IS well known m Morocco The frUIt IS nnportant for human
consumptIOn and IS valued at 1350 dh/ha/yr The leaves are used as forage WhICh IS valued
at 450 dhIha/yr There IS not any known research ill Morocco on thIS crop But It IS a very
hardy, drought reSIstant plant and Its growth habIt would mdlcate that It would be good for
protectmg the soil and for provldmg wildlIfe habItat

Option 7 RIf Soil ErOSIon Control Project The Rlf has the worst soil erOSIOn problem m
Morocco It IS a hIgh ramfall area WIth dense natural vegetatIon under undIsturbed
condItIons The avaIlabilIty of fuelwood IS not a problem so populanon densIty IS not a
consIderatIOn The cause of the eroSIOn problem m the Rlf IS the converSIOn of forest and
range land on steep slopes to agncultural uses There are numerous pOSSIbilIties for soil
eroSIOn projects m the Rlf Two representatIve projects WIll be presented here

Option 8 The Southern Atlas Soli ErOSIOn Control Project ThIS IS an arId regIOn The
soil eroSIOn problems are more tradltlonal than those ill the Rlf VegetatIve cover IS sparse
PopulatIOn pressure IS mcreasillg Ram does not come very often buy storms can be
VIolent And, whenever the ram comes, the ground IS usually bare so It IS vulnerable to
senous eroSIOn

IndIcators Number of farmers partIclpatlng and the number of hectares protected

EvaluatIOns

Importance of problem
Impact of project
Pnonty of GOM

32
3
4 The GOM establIshed the DRCTA m 1993 and IS m

the process of passmg leglslanon for the speCIfIC
purpose of addressmg the problems WhICh are
addressed by these projects
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PrIonty of USAID 3

U S comparative advantage 4

Trade 1
Sustamablhty 4

Donor activities 3

NGOs 3

Health, economiC, and bIOdiversity problems are all
dIrectly addressed by these projects
Forestry and agnculture people m the western
Umted States have developed eqUipment and
expertise WhICh IS drrectly apphcable to Morocco's
soli erosIOn problems

In one case, the Agadrr proJect, the Idea for the
project came from the target populatIOn In all
cases, sustamabIhty and spontaneIty would be
Judged before startmg a project Anecdotal reports
on these elements are positive
The World Bank, UNDP and the Food and
Agnculture Orgaruzanon (FAO) are all active m soli
eroSIOn projects However, the problem of sod
erOSIon IS so pervaSIve m Morocco that each project
gIves the unpression of bemg Isolated
Women's Groups Local cornmumty actIVIties eXIst
WhIch relate to the problem of soli erOSIOn

PrOject 11 Dune Encroachment Control

ProJert description FIbre cement panels would be used to generate artifiCial dunes which
are 8-10 meters hIgh and thus capable of stoppmg other dunes ArtIfiCial dunes would be further
stablhzed by bIOlogical means

Problem deSCription Dune encroachment threatens 30,000 hectares of productive land
which support 80,000 people m Ouarzazate Provmce and It threatens 25,000 hectares which
200000 people m Errachidm Provmce When oasIs are threatened, as IS often the case, a umque
wIldhfe habitat and human commumty IS threatened Moroccan technology m dune stablhzatIon IS
advanced However, fundmg IS madequate to protect a sIgmficant number of threatened farms
and vlliages

Indicators

• Number and effectIveness of artifICial dunes generated
• Local partiCIpation m project
• Estabhshment and mamtenance of bIOlogIC stablhzatIon

Evaluation

Problem Importance
Project Impact
PrIonty of GOM
PrIonty of USAID

2
3
2
2

RegIOnally unportant
Very effective mtervention but lunlted m extent
High pnorIty for regIOnal government
Unknown
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Trade
SustamabIllty
Donor actIvItIes

NGOs

1
4
2

2

None
Excellent gIven a modest lllltial mfuSIOn of funds
ORMVAs are actIve m tlus work and the ORMVAs
are m turn partIally funded by the World Bank

PrOject 12 The Oum er Rbla River Catchment Basm Management and
Environmental Quahty Project

PrOject deSCriptIOn One of the strengths of land use projects IS that they are well adapted
to use for mtegratmg several areas of envIronmental concern In thIS case the three areas
mtegrated are bIOdIversIty, mdustrIal and aIr pollutIon and agnculture and land use The most
logical land urnt for plannmg and lillplementmg an mtegrated envIronmental project IS a
catchment basm By addressmg the envIronmental problems of an entIre catchment basm, It
would be pOSSIble to generate a senes of pilot projects and regulatory reforms WhICh would not
be costly and WhICh would serve as models for the rest of the country

The most lillportant part of thIS project would be to address the problem of non-regulatIon
of agncultural chemIcals on the Tadla Irngated perlilleter ThIS would help solve senous health
nsks connected WIth agncultural chemIcal use on the Tadla perlilleter and It would serve as 1

model for IrngatIon projects throughout the country Other pilot projects would be ~elected from
among the followmg pOSSIbilItIeS

• HabItat restoratIon and watershed management

• Reducmg pollutIon from sugar mIll operanon

• Water erOSIon of soil Bern Mellal provmce has 3000 hectares WhICh would benefIt from
the establlshment of soil conservmg olIve orchards wIth retammg walls and 5,000
hectares which would benefit from the mtroductIon of pnckly pear cactus for erOSIOn
control Azilal provmce has 15,000 hectares wruch would make a good pilot project
demonstratmg the use of almond trees for eroSIOn control and 5,000 hectares where
eroSIOn control WIth pnckly pear cactus could be demonstrated

• Murnclpal growth on prlille agncultural land The CIty llillits of Bern Mellal are bemg
reViewed for pOSSIble expansIOn by the end of 1996 Prlille agncultural land, flat
Irngated land, WIll be protected If It IS mapped The pnce would be about 500,000 dh
The necessary knowhow IS already present m the DRCTA

• Metermg wells to morntor ground water drawdown m aqUIfers threatened by salt water
mtrllSIon

Problem deSCriptIon The most senous problem m thIS catchment basm IS the unregulated
use of agncultural chemIcals Other senous problems mc1ude mdustrlal pollutIon, saltwater
mtrllSIOn m coastal aqUIfers, murucipal growth on prlille agncultural land, endangered species
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and soIl erosion

Problem ID1portance The serIousness of the combmatIon of enVIronmental problems of
the Oum er Rbm rIval those of Oued Sebou Prunary among these IS the pollution or the nsk of
pollution to the water supply of both rural populations and urban population centers The other
major problem bemg addressed IS the lack of a land based approach to enVIronmental problems m
Morocco The bIOdiversity, mdustnal pollution and land use problems of the Gum Er Rbla are
suffiCient to serve as models for the rest of the country

PrOject ID1pact ThiS project could become a model for land, or more broadly, geography
based approaches to environmental problems throughout Morocco Estabhshmg regulations for
pesticide use could also be expected to have an mfluence nationally

Indicators

• Estabhshment of water quahty control gUIdehnes
• Estabhshment of pest control apphcators standards
• Number of enVIronmental projects modeled after thiS one
• Number of pIlot projects started
• Number of pIlot projects which are rephcated outside of thIS project

Evaluauon:

Importance of problem 5
Impact of project 5
Pnonty of GOM 5

PrIonty of USAID 5

U S comparatIve advantage 4

Trade 1
Sustamablhty 5

Donor actIVIties 5

NGOs 4

The DIrector General of Hydrauhque Identified
water pollution m the Oum er RbIa catchment basm
as bemg of major concern to the government
AID already has an envIronmental/IrrIgation project
at Tadla
The U S IS very strong m water qualIty control,
pesticide regulation and land based approaches to
envIronmental problems

The health and economic returns on thIS project
would be high so It IS lIkely that
sustamablhty/spontanelty would also be high
Because of the Wide array of actiVitIes m thIS
proJect, there would be major opportumtIes for
cooperation With other donors
Agam, because of the Wide array of actIvities m thIS
project, there would be major opportumtIes for
workmg With NGOs
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PrOject 13 Sebou RIver Basm Integrated Management and Environmental Quahty
Program

Problem descrIptIon The Sebou RIver Basm IS the most polluted and threatened water
basm m Morocco Its pnmary watershed IS based m the Rif Mountams m the northern part of the
country The benefits of the watershed are senously threatened due to siltatIon of the reserVOIr,
loss of fuelwood and loss of WIldlIfe habItat Some of the watershed problems mclude

• Agncultural management problems (e g , SOlI erOSIOn, pestICIde pollutIon)

• Uncontrolled deforestatIon WhICh IS resultmg m the lowermg of nver water flow and the
loss of Important fuelwood resources

Downstream, mdustrtal use of the nver IS resultmg m large amounts of orgamc water
pollutIon from agro-mdustrles In addItIon, approxunately 110 metrIC tons of chrome are
deposIted annually mto the Sebou RIver ThIS pollutIOn IS causmg sIgmficant negatIve Impacts on
human health and bIOlogIcal dIverSIty The low nver water levels and hIgh mdustrlal pollutlon
dIscharges IS resultmg m abnormally hIgh nver and coastal zone pollutIOn levels

An mtegrated program would focus on addressmg Issues facmg the Sebou nver m a fully
mtegrated and comprehensIve manner

PrOject descriptIon ThIS project WIll support efforts m watershed management,
agncultural resource management, and mdustrIaI and mumclpal pollutIon control

Watershed management The project will proVIde technIcal aSSIstance to local agenCIes
mvolved m the managmg watersheds to promote sound land use practIces, and expand the
capabilItIes of the watershed to moderate water flow An mtegrated watershed management
approach would lInk upland sustamable land use practIces to lowland water resource use, and IS
needed to manage Sebou's watershed resources Tills approach would mclude

• Identlficatlon of the costs and benefIts of eXlstmg and potential sustamable practIces
(e g , soIl erOSIOn control, water conservatIOn, reforestatlon, farmmg systems,
alternatIve energy, small enterpnse)

• PolIcy reforms and cost-effectlve economIC mcentlves WhIch encourage sustaInable
watershed management (e g , land and tree tenure, taxatIOn of urban populatIon grazmg
anImals on the mountam envIronment)

• The development of a cost-effectIve watershed management plan

• EstablIshment of commumty resource management agreements between the government
and resource users

• Momtormg the lInk between Improved upland watershed management and the
avaIlabIlIty of benefIts (e g , water resources, wIldlIfe conservatIon, agncultural,
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Income)

Agricultural resource management The program wlll focus on provldmg techmcal
assIstance to agnculture In the Rlf to reduce soli erOSlOn The frrst step would be to estabhsh
contact WIth local farmers and dISCUSS therr pnontles The fruIt tree/retaInmg wall projects
appear to be popular m the Rlf so they would probably be replIcated Forage crops would be
tested for SOIl retention use The comphmentary actIvItIes of water harvestmg and soli
conservatIon would be tested as a means of reducmg drought rIsk and prolongmg crop growth
mto the dry summer months

IndustrIal and mUnIcIpal pollution control The program WIll prOVIde technIcal aSSIstance
to mdustnes and mUnICIpalItIes along the Sebou to reduce Industnal and mUnICIpal emISSiOns of
water pollutiOn and Improve downstream water qualIty ThIS program w1l1 target the tannery
cooperatIves In the Medma and IndustrIal Zones of Meknes and Fes to prOVIde technIcal
aSSIstance m reducmg chrome emISSIons The project would focus on developmg pIlot projects
and developmg cost-effectIve pollutlOn preventIon and end-of-pipe measures to reduce pollutIon
whlle potentially Improvmg productIVIty Included m thIS TechnIcal ASSIstance could be a
component to promote the development of pnvate sector serVIces to receIve and treat tannery
wastes, recycle the chrome, and resell the wastes to tannenes at a reduced costs, thus provldmg
addItional economIC IncentIVes for tannenes to cooperate WIth the program

AddIt1fmal TA could be targeted to mdustrIes, local government, and the SSE to aSSIst m
the development Industry-based envIronmental management performance standards and a Sebou
momtormg system to assess the Impacts of the project on chrome and organIc concentratIons In
the nver

In addltIon, the ATI should mclude a pubhc educatIon component, mformmg CIty reSIdents,
school and UnIVerSIty students and local government offICials of the Importance of reducmg
mdustnal emISSIons and theIr lffipact on human health and the enVIronment

IndIcators

Watershed Management The management practices and mcentives hsted below would be
mtended for eventual applIcatIon m watershed areas throughout the country Workshops would be
held WIth resource users throughout the reglOn to share lessons learned and to mcentIves for
adoption of Improved mterventions

• Strengthened reglOnal capacIty for mtegrated land use plannmg and management
resultmg more effective use of resources

• Increase In potable water

• Increase In wood fuel energy resources In rural areas (Wood resources forty-percent of
the total energy consumed)

• AdoptIon of sustamable soli, water and agncultural technIques resultIng In protected
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water resources and mcreased agncultural productIVIty

• EstablIshed systems for commumty partIcIpatIOn m watershed management resultIng m
shared responsIbilIty

• ProtectIon of Important wildlIfe and plant habItat resultmg m a potentIal mcrease m rural
mcome and servIces (e g , trophy huntmg, medicmal plants)

• PotentIal mcrease m broad-based mcome aSSOCIated WIth the expansIOn of tounsm away
from the coast and mto protected areas located m Morocco's mtenor

Agricultural management The number of farmers participatmg m the fruIt tree/retammg
wall program The number of new Ideas generated by dISCUSSIOns WIth farmers Number of
farmers acceptmg mnovatlve practIces beyond the fruIt tree/retammg wall program A spot check
of farmers fIelds to see If the antI-eroSIOn measures are workmg

Industrial pollutIon Amount of chrome and orgamc matter m the nver, amount of
chrome recycled, the number of mdustrles Implementmg pollutIOn preventIon procedures, the
actIve endorsement of mdustry cooperatIves and aSSOCIatIons, and the attendance of mdustry staff
at pollutIon preventIon semmars

Summary USAID has an excellent opportumty to tackle the major Issues facmg the Sebou
RIver Basm, one of the most degraded and overused ecosystems m Morocco ThIS project would
focus on provldmg a partICIpatory envrronment, coupled WIth emphaSIS on NGO's and local
groups to overcome these obstacles The goals would be to stop the steep declme of
envrronmental qualIty m the Rlf mountalllS and to restore the envrronmental mtegnty of the of
the Sebou nver on the plalllS

PrOject descriptIon An mtegrated program would focus on addressmg Issues facmg the
Sebou nver m a fully mtegrated and comprehensIve manner The program would focus on

EvaluatIon

Importance of problem
Impact of problem
Pnonty of GOM
Pnonty of AID
U S comparatIve advantage
Trade
SustamabIlIty
Leverage
NGOs

5
5
5
5
4
3
4
5
5
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