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INTRODUCTION

ABSTRACT

The protection of water resources is based on knowledge of the causes and consequences of
environmental damage. It also calls for the development of strategies and the adoption of technologies
to avoid it. However, this descriptive component, which focuses on the adoption of new “clean”
technologies, offers no tools to guide decisions or to inform whether the actions undertaken are or are
not efficient and profitable. The Meso-economic-environmental studies take this situation by evaluating
the environmental damage and inefficiencies, the costs necessary to remedy them. To do this, it is
necessary firstly to collect data and statistics. Secondly, the conversion of physical units into monetary
ones using the economic methods of evaluation. Finally, estimating a relationship between the benefits
and costs of remediation actions and identifying the priorities for decision-making. As part of the Meso-
economic-environmental assessment of the water resources of the urban community of Fez, the cost
of degradation of the water resource and inefficiencies in the use of this precious property is
estimated at 2,087% of the added value (VA) of the city of Fez. The remedial actions recommended for
the improvement of the quality of life, the preservation of the natural capital and the better management
of the water resources are 1.398% of the VA of this urban commune. Deployment to implement
remedial actions for the preservation of water resources are beneficial in the long term. In monetary
terms, for every 1 MAD spent on remediation, 1.49 MAD damage will be avoided. In short, the Meso-
economic-environmental assessment is an integrated approach that not only allows the monetarization
of impacts and the identification of the most appropriate remedial actions but also combines urban
development, respect for the environment and well-being of the population.

domedtic solid waste remainsare also avery sgnificant threat
to surface water (Oued Sebou and Oued-Fez) and the water

Because of its geographical position, Morocco isacountry
with essentially arid to semi-arid climate, marked by spatio-
temporal irregul arities of theregimeof itsprecipitations. As
a result, average rainfall across the country is decreasing
from northwest to southeast. The city of Fez by itslocation
in the enter of the country and itsjoint ownership with well-
watered areas of the Rif in the north and the Middle Atlasin
the south-east benefits from agood water supply. However,
the water resources at the level of this city are under pres-
sure from consumer and waste-generating activities. Infact,
the significant demographic evol ution, the socio-economic
development of the city and the change in lifestyle and
consumption of the population, are at the origin of these
significant pressures on water resources both quantitatively
and qualitatively. In other words, the demand for water is
not the only pressure on water resources, wastewater and

table (Fez-Meknes) that is already affected by pollution.

Despite the remarkable progress of the city of Fez inthe
field of environmental protection, specifically water re-
sources, including the realization of the treatment plant and
the controlled landfill, serious negative impacts on health,
quality of life, aswell asthe economy of the cities are till
generated by industrial and artisanal activities, in addition
to the strong urbanization. The combination of these last
factorsinevitably leadsto an over-exploitation of water re-
sourcesand the degradation of their qualities. Althoughthe
extent of persistent problemsis generally known, the mon-
etary quantification of these impacts has remained com-
pletely unknown today.

The decision to makethisstudy comesto overcomethis
lack, by determining the monetary value of water degrada-
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tion and inefficienciesin the use of the latter through three
economic categories. “Health and Quality of Life”, “Natural
Capital” and “Inefficienciesin Resource Utilization”. And
then identifying remedial actionsthat can avoid these deg-
radationsand inefficienciesand eval uating their respective
costs. Estimating the rel ationship between the benefitsand
costs of remediation actions helps to identify priorities for
decision-making.

MATERIALS AND METHODS

In thiswork we have adopted the methodology of Fillet &
Zein (2004), Pillet (2006) and Maradan & Zein (2008a).

Principlesof the meso-environmental analyss TheMeso-
economic analysisproposestheresponsesat the level of the
economic sector or the urban community, intermediate be-
tween the traditional micro and macro-economic dimen-
sions. The Meso-economic scale is relevant because it fo-
cuses either on the type of activity of production, or on a
well-defined urban community, asit isthe case inthisarti-
cle, wherewe will present the water domain resultsonly.

The Meso-economic analysiscan be oriented in two dis-
tinctways. It canfirst assessthe profitability of aremediation
action and thus identify the actions to be undertaken in
priority (determination of A/C ratios). Secondly, it is also
likely to explore the economic consequences of develop-
ment and remediation strategies or their absence. In both
the cases, quantifying the environmental damage and inef-
ficiencies of an activity, which means measuring the envi-
ronmental cost they inflict on the population and the
economy, complements the traditional economic analysis,
increasing the information available to decision-makers.

Definitions. The Meso-economic analysis deals with the
guantification, in monetary termsand on an annual basis, of
the cost of damages and inefficiencies (CDI) resulting from
an economic sector and the cogt of their remediation. Finally,
these values are expressed in relation to the value added
(VA) of theentity concerned.

Damage Costs: In economic terms, damage refers to both
welfare losses (suffered by the population) and financial
losses (incurred by economic activities) as a result of the
modification. The quality of the environment and the avail-
ability of environmental inputs.

Codt of inefficiencies: Inefficienciesin resource use refers
to the economic losses generated by waste or inefficient use
of these resources. Theselossesinclude, for example, exces-
siveleakage of water in distribution systems, lack of energy
savingsand avoidabl e losses of material sin production proc-
€SS,

Remediation Costs; Remediation costs for environmental
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degradation and inefficiencies represent the necessary ex-
penditures, based on available knowledge and data, to pro-
tect the environment by preventing or remedying its degra-
dation.

Benefit/Cost Reports (CDI/CR): Comparing these benefits
and costs, inthe form of aratio, amountsto linking CDI and
CR, asan approximation of the more general Benefit/Cost
ratio. An economically efficient remediation action would
imply that the total benefits outweigh the costs, in other
words, the B/C ratio isgreater than unity. It isalso said that
thisratio measuresthe profitability of remediation.

A ratio of 2 indicates that for 1 MAD invested in
remediation, alossequivaent toawelfarelossof 2MAD is
avoided.

Categories of analysis. The economic assessment of
environmental degradation isstructured according to seven
environmental domains (water, air, noise, soil/littoral and
landscapes, waste, energy/materia s and global environment)
and three economic categories (health/quality of life, natu-
ral capital, inefficienciesin resource use).

Steps of the analysis: Meso-economic studies are built on
the basis of an analysis protocol comprising four steps.

First step-Delimitation of the study area: First, the geo-
graphical perimeter isthe urban community of Fez, and the
environmental flows necessary for the functioning of the
different actors are listed and quantified in their physical
dimension. Unlike traditional economic analysis, emigra-
tion flows and the generation of externalitiesare taken into
account. Emeraldsrefer to resources drawn freely from the
environment, that is, from the environment contributing to
the production process. Thisis, for example, water used by
the production process. Externalitiesrefer to the off-market
effects of pollution of all kinds.

Second step-data collection: The data are collected from
thefield visits, and the collaboration of specialistsand man-
agers of the sectorsinvolved in the protection of water re-
SOUrces.

Third step-eco-environmental analyss: Thisinvolvescon-
verting the environmental flows measured in physical units
into monetary units. This conversion and the methods of
economic evaluation of the environment that it requires,
congtitute the economic-environmental analysis. The analy-
sisis based on the data collected, the definition of proxies
(when data are missing) and the use of expert opinions. CDI
and CR are related to the value added of the urban commu-
nity (GDP). Thisthird step leadsto the monetary assessment
of environmental damage and remediation. Finally, the B/C
ratios, which facilitate the interpretation and understand-
ing of the results, are calculated.
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DEGRADATION OF WATER RESOURCESOF URBAN COMMUNITY OF FEZ

RESULTS

Theresults of our work are presented according to the eco-
nomic categories affected by the pollution of the water re-
sourcesof the urban commune of Fez (Referenceyear of the
2014 analysis).

Damagesand | nefficiencies (CDI)

In the urban community of Fez, the water used for the vari-
ous activities of the city comes from the water table Fez-
Meknes and Oued Sebou. It isdistributed by the RADEEF.

They are mainly the health of the population aswell as
the natural capital of the region that will suffer the conse-
guences not only of the pollution generated by leachates
and untreated sewage, but also inefficiencies during the
transport, distribution and al so the use of water.

Health and quality of life: Poor water quality, lack of hygiene
and low percentage of non-connection to drinking water
and sanitation are responsible for waterborne diseases that
can be particularly fatal for children aswell asadults.

The assessment of this damage due to waterborne dis-
eases is based on the mortality and morbidity statistics of
children under 5 years and also subjects over 5 years. This
damage representsa cost for individuals, their families and
society in general. To evaluate these costs, we use the cost
of treatment and thefinancial |oss (nurses, parents prevented
fromworking).

In this study, we treat the costs related to typhoid and
diarrhoeathat represent diseasesthat are directly related to
water quality.

Typhoid: According to the health delegation of Fez the
number of cases of typhoid is 23 cases, and 5000 MAD is
the cost of treatment estimated by a specialist doctor in
more than 30 daysof rest for each case. Based on the cogt of
treatment and the hourly minimum wage of 12.24 MAD
(Croitoru& Sarraf 2017), for adaily working time of 8 hthe
annual cost is estimated at 0.18 million dirhams, that is
0.0004% of the VA.

Diarrhoea: For the mortality and morbidity related to diar-
rhoea in children and adults, due to lack of data, we have
followed the approach used by the World Bank, which uses
values at the national level, which we will apply to our city
Fez.

Mortality of children under 5 years: In Morocco, the mor-
tality rate for this age group has decreased considerably in
recent decades, from 138 per thousand in 1979 to 30.5 per
thousand in 2011 and 28 per thousand in 2014 (Croitoru &
Sarraf 2017). In addition, the percentage of mortality cases
due to diarrhoea has decreased significantly, from 9.7%in

675

2000 to 5.4% in 2013 (Croitoru & Sarraf 2017). Not all
diarrheal diseases are attributable to water pollution. Re-
cently, WHO (2014) has estimated that waterborne determi-
nants account for 50% of diarrhoea deaths in Morocco
(Croitoru& Sarraf 2017). Asaresult, 74 deaths are recorded
for each infant population of 97862 (Haut commissariat au
plan 2015) in the city of Fes.

The estimate of the costs related to child mortality is
calculated on the basisof the Value of Statistical Life(VSL)
(Croitoru & Sarraf 2017). In Morocco, it hasbeen etimated
between 1.5and 1.7 million dirhams, or 1.6 million dirhams
on average. Onthisbass, the annual lossesdueto diarrheal
deathsin children are estimated at 118.4 million dirhams,
or 0.14% of the VA.

Mortality of persons over 5 yearsof age: WHO gtatistics
(2014) indicate 800 deaths from diarrhoeain this category
in Morocco, from which only 50% of these cases are attrib-
utableto inappropriate practicesrelated to water, thiscorre-
spondsto 400 deathsin Morocco in the same year (Croitoru
& Sarraf 2017). And s0 10 deathsin the city of Fez. On the
same basisof VSL, annual lossesdueto diarrheal deathsin
this category were estimated at 16.2 million dirhams, or
0.037% of the VA.

Morbidity in children under 5 years. Our estimation of
morbidity lossesis based on the value of years of life expe-
rienced with disability (AVI), developed by WHO. Thiscon-
cept is based on the fact that a mild disease represents a
small fraction of an AV 1, while amore severe disease repre-
sents a significant fraction of an AVI (Croitoru & Sarraf
2017). Thus, the total annual losses due to morbidity in
children areencrypted at 183.12 AVI. We estimate the cost
of morbidity based on the monetary value of an AVI, which
isthe PIB per capita equivalent to 20498 MAD. Added to
this is the cost of treatment, which is based on the direct
expensesincurred to treat sick children. Asaresult, the cost
of morbidity due to diarrheal diseasesin children is 18.67
million dirhams. That is 0.043% of the VA.

Morbidity in persons over 5 years of age: OMS statistics
(2014) (WHO 20144) indicate 21000 AV dueto diarrhoea
in persons over 5 years of age. Estimating that only 50% of
these cases are attributable to the water determinants of
health, this correspondsto 10500 AVI. Allinall 323 AVl is
the estimated total number for the city of Fes. Since, thereis
no consensus on the monetary valuation of the AVI, the
human capital approach, through which the economic value
of ayear lost duetoillnessis equivalent to PIB per capita
(Croitoru & Sarraf 2017). For the city of Fez the PIB per
capitais20498 MAD. Asaresult, the cost of adult morbid-
ity due to diarrheal diseasesis 6.62 milliondirhams. Thatis
0.0153% of the VA.
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The quality of life: To calculate the losses of the quality of
life of the population it isessentid to use the method of the
availability to pay DAP. For that we adopt the values of the
study of mesotourism of Morocco where the DAPfor thein-
convenience because of a patient is 20 MAD (Maradan &
Zein 2008b) and the DAPfor abetter liferelated to the qual -
ity of thewatersis528 MAD (Maradan & Zein 2008b). Thus,
thetotal annual cost of theloss of quality of life isestimated
at 22.29 million dirhams. That is0.051% of the VA.

Natural capital: While it is true that the city of Fez has
made remarkable progress in the field of water resources
through the construction of the wastewater treatment plant,
there are gtill problems that have serious negative impacts
on the capital. Natural in fact, untreated wastewater, infil-
tration of leachates generated by waste from temporary de-
pots or overflows from the controlled landfill, plus the op-
portunity cost which remainsvery low. All these parameters
affect both the avail ability of water and its quality.

Codtsrelated to decreasing the quantity of resources. The
annual cost of exploiting the natural resource was estimated
on the basis of the opportunity cost; for the city of Fez the
annual volume withdrawn from nature is 75816352 m® ac-
cording to ONEP and RADEEF and the cost opportunity is
of the order of 0.4 MAD /m? according to ABHS, so that the
annual cost linked to the decrease in the quantity of re-
sourcesis 30.32 million. That is0.07% of the VA.

Costsof degradation of thequality of water resources: To
estimate the cost of degradation due to not only the dis-
charge of untreated wastewater but al so leachatesinfiltrated
into the ground, is based on the cost of treatment of con-
taminated water 10 MAD/m® according to data from the
Ministry of the Environment. Several studies have shown
that 1 m?® of wastewater pollutes about 50 m? of water. The
same hypothesis has been adopted in the case of leachates,
hence the quantity of polluted water is approximately
46249732 m3. So the cogt generated i sof the order of 462.50
million dirhams; that is 1.066% of the VA.

Inefficiencies: Inefficiencies in the use of water resources
have been retained from three angl es. | osses during transport,
lossesduring distribution and final ly inefficiencieswhen used
by variousfactors (househol ds, industries, crafts, touriam, etc.).

Thelosses represent almost aquarter (20%). According
tothe RADEEF, thewater lossindex at thetime of distribu-
tion is 32.77 m3/d/km.

We rely on expert advice to determine inefficiencies
when using, households 10%, industry and crafts 30%, ad-
ministration 30%, tourism 40%.

Theannual cost of all these |osses has been estimated on
the basis of the slling price of water by the RADDEF, 230.04
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million dirhams; that is0.53% of the VA (Table 1).
Remediation Costs(CR)

Remediation actions should have results in the least cost
elimination of damage and inefficiencies.

With regard to water, remediation costs include treat-
ment of untreated wastewater and connection of non-con-
nected households for the health and quality of life cat-
egory, and of course, thereduction of lossesat al levelsfor
inefficiency category. As for the natural capital category
and to avoid double counting, we put in the tables avalue
of 0; indeed the remediation of the depletion of resources
already counted under “inefficiency”. While the quality of
the resource is counted under “health and quality of life”.

The cost of remediation of thewastewater dischargedis
edimated using the cost of treating the raw wastewater at 30
MAD/m? (Croitoru & Sarraf 2017). For the community stud-
ied, the total volume of raw wastewater equals to 916625
me. The cost of remediation is27.50 million dirhams. That
is0.063% of the VA.

The cost necessary to connect 10601.44 households to
sanitation and drinking water is 6.9 million dirhams. It is
based on the average cost of connection, that is 0.16% of
theVA.

Thereduction of losses by 2/3 and theinvestments nec-
essary to achieve this objective would cost 571.87 million
dirhams, that is1.319% of the VA (Table 2).

CDI/CR Ratio: Net Remediation Benefit

Theratio CDI/CR = 1.49 [CDI (2.087)/CR (1.398)] shows
that the CDI dueto the deterioration of the water resources
of the city of Fez are much higher than the CR. Indeed, the
investmentsto be made to reduce the impacts caused by the

Table 1: Value of the costs of damage and inefficiency (CDI) by
economic category.

Economic categories % of the VA

Health/Quality of Life 0.421
Natural Capital 1.136
Inefficiencies in resources 0.530
Total Water 2.087

Table 2: Remediation costs (CR) by economic category.

Economic categories % of the VA

Health/Quality of Life 0.079
Natural Capital 0

Inefficiencies in resources 1.319
Total 1.398
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DEGRADATION OF WATER RESOURCESOF URBAN COMMUNITY OF FEZ

pollution of the water resources remain financially signifi-
cantly lower compared to the CDI.

DISCUSSION AND CONCLUSIONS

The study showsthat the cost of water degradation and inef-
ficienciesin the use of this precious wealth is estimated at
905.26 million dirhams, that is 2.087% of the added value
(VA) of this municipality. The deterioration of the health
and the quality of life contributes by 0.421% of the VA, the
degradation of the natural capital isevaluated to 1.136% of
the VA and the inefficiencies in the use of the resource
contributesby 0.530% of the VA. The remedial actionsshow
that the category healthand quality of lifeisplaced aspriority
areaof intervention (CDI/CR =5.32).

Despite the remarkable progress of the city of Fez inthe
field of environmental protection, specifically water re-
sources, thisstudy has highlighted, in numerical terms, per-
sistent shortcomings in the field of the protection of this
environment resource. These shortcomings are likely to
become moreimportant inthe coming yearsif wetake into
account the significant development experienced by the
city, the demographic pressure to which is added the vagar-
ies of climate. This study allows decision-makers to better
understand the gaps in resource protection and to better
target the priority areas of their actions.

Finally, it will be recalled that this analysis applied to
the seven environmental domains: water, air, noise, soil/
landscape, waste, energy/material and the global environ-
ment will enable usto identify and prioritize action priori-
ties as an integrated approach to the protection of environ-
ment and strengthening the well-being of the people of this
millennial city of the kingdom.
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LIST OF ABBREVIATIONS

AVI: Year of Life lived with Incapacity

ABHS: Sebou Hydraulic Basin Agency

A/C: Benefits / Costs Report

CDI: Damage and Inefficiency Costs

CR: Remediation Costs

DAP: Availability To Pay

DALY: Dirsability Adjusted Life Years (life year corrected
for disability factor)

ENPSF: National Population and Family Health Survey

Ha: Hectare

MAD: Moroccan Dirham

WHO: World Health Organization

ONEP: National Office of Drinking Water

GDP: Gross Domestic Product

RADEEF: Autonomous Board of Distribution of Water and
Electricity of Fez

T: Tons

VA: Added Value

VSV: The Statistical Value of Life
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