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Abstract

In this paper, a decision support system (DSS)aforintegrated coastal management (ICM) is
developed, where decisions arise from a maximisalgorithm, the stakeholders’ involvement in
the choice among alternative management strategiesavoured, complicated assessment
procedures for non-economical indicators or reéatweights to combine economic, social and
environmental indicators are not used, the intemnatbetween economic activities and
environmental status is depicted by referring tbabhand sustanability conditions, both human and
environmental dynamics are taken into account, aiapstructure is adopted, by finding a
compromise between economic information (availatlenacro-level) and ecological information
(available at micro-level), several economic, soaad environmental policies are considered,
predictions are based on a knowledge base thatbeaeasily collected and that is reasonably
reliable, by calculating the confidence level ofuks. Its application to Regl@aand Heraoua
municipalities, Algeria, suggests that the sugge®&S for an ICM meets all design and role
characteristics required by Westmacott (2Q0d)rnal of Environmental Managemest: 55-74.
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1.Introduction

Intensive efforts by scholars in different disangs has allowed to achieve a comprehensive
definition of the Integrated Coastal ManagementM)Ca dynamic, multidisciplinary, iterative and
participatory process to promote sustainable manageof coastal and ocean areas, by balancing
environmental, economic, social, cultural and ratomal objectives over long-term, and by taking
into account the relevant ecological, social, galtand economic dimensions and the interactions
between them within a defined geographical limi¢&, 1993). More recently, it has been stressed
that all ICM initiatives must be designed to mdet following three requirements (Olsen, 2002):
they must be sustainable over long periods of {see also Hanson, 2003); they must be adaptable
to conditions that often change rapidly (see alaganari, 2007); they must provide mechanisms
that encourage or require particular forms of resewse and collaborative behaviour among
institutions and user groups (see also Stojanevat., 2004).

On the contrary, spare efforts did not allow to @lep an agreed decision support system (DSS)
taking into account both economic and environmeraalwell as social dimensions (Westmacott,
2001).

In particular, within recenpapers by academic researchersfor example, Peng et al (2006)
suggest a cost-benefit analysis (CBA) approachsgess the overall benefits associated with an
ICM programme, by measuring the net present vafumth economic and environmental effects.
However, they do not apply a maximisation algoritbut a discounted sum of differences), they
rely on the standard evaluation procedures of enuiental benefits and costs (e.g. replacement
costs such as the cost of beach nourishment, arkketnaices such as the value of lost land), and
they do not consider interactions between envirariteleand economic issues. See also De Kok et
al. (2001), Daniel and Abkowitz (2005), Christi®(B), and Sarda et al. (2005).

Moreover, within recenteports by international institutions, for example, UNESCO (2006)
suggests to refer to a driver-pressure-state-imgagtonse (DPSIR) framework to analyse linkages
among socio-economic trends, ecological phenomedanstitutional responses, and to move away
from purely environmental and process-orienteddattirs (such as ecosystem-based approaches) in
order to integrate governance, ecological and secomomic dimensions into outcome-oriented
frameworks (i.e. a sustainable development app)pagiproviding a menu of indicators. However,
it does not suggest a maximisation procedure (bunhamagement fine-tuning based on an
implementation monitoring), and it provides a ltsignificant (at all spatial scale and temporal
scale) indicators that are difficult to measure.(éoss of natural barriers, surface and groundwate
depletion, social cohesion, cultural integrity)eSd¢so CBD (2004) and CEC (1999).

Finally, within recentDSS packagesby international institutions or academic researches,
SIMLUCIA refers to land uses, it focuses on climelb@nge and it has two scales of operation, but
it is not objective driven and a limited numbercateria can be considered; CORAL identifies the
least-cost solution, includes different growth stés and management policies, and predicts
average water quality, but it utilises stakeholdeterviewers for the model development and
expert judgements for the model calibration, anddéals with limited data in ecological
components; SIMCOAST associates a level of confideto each rule and parameter, but it is
unable to account for trans-boundary issues, becausrconnections are defined between one
factor and one activity; NOAA ICM TOOL determindeettotal values or scores under alternative
scenarios, but it does not consider interactiortsvé@n environmental and economic issues. See
also WADBOS, MANS, Rasch et al. (2005) and Vall€2205).

The purpose of this paper is to develop a DSS riolCM that exploits the potentials highlighted
above (a CBA outcome-oriented approach, the ecanostcial, and environmental indicators
within a DPSIR framework, alternative spatial aathporal scales as well as alternative scenarios
and policies, a level of confidence of outcomespwerall value of management strategies), and
that deals with the inadequacies sketched above Igbk of optimisation procedures, the
application of disputable evaluation procedures,ube of problematic indicators, the use of limited
number of economic and ecological criteria, theenmsfice to stakeholders for the model
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development and calibration, the lack of interatdibetween economic and environmental issues),
in order to meet the requirements specified indiiEnition stated above.

Although Prato (2007) does not include social iathes, it applies relative weights within a Multi-
Criteria Analysis (MCA), it does not formalise theegration between the economic activities and
environmental status, it refers to private resosyr@nd it does not consider human and natural
dynamics, its recent contribution to the Multi-Otijee Land Use (MOLU) literature by will
represent the stating point here: indeed, he pesvitcisions on which project to choose, based on
a multi-objective max-min approach, given charastess of patches and objectives of decision-
makers. See also Wang et al. (2004) and Matthewais 006).

Two main kinds of interactions between economicvdies and the environment can be observed:
coastal erosion, subsidisation, sea level ris@diltg, salt water intrusion affect coastal economic
activities, which in turn might lead to differeniréace and ground water depletion, solid, liquid an
aerial pollutions, and land degradation; alterredyiy coastal economic activities affect the
environment through solid, liquid and aerial patas as well as through water and land
exploitation, which in turn might impact the sameother local economic activities. The focus here
will be on the second kind of interactions, andcdpmlly on surface and ground water depletion
and pollution.

Therefore, this paper aims at setting up a spsitiailation model with the following features:

Decisions arise from a maximisation algorithm, vathelicitation of future decisions (including
the acceptance of the status quo) as well as & ¢bepast decisions

Several economic activities are considered (e.gc@ture, industry, tourism, fishery), in order
to favour the stakeholders’ involvement in the ckaamong alternative management strategies

Several environmental and social indicators aresicened, without referring to complicated
assessment procedures for non-economical indicatrd without using relative weights to
combine economic, social and environmental indisato

The integration between economic activities andirenmental status is depicted objectively,
by referring to initial and sustanability conditgrboth private and public environmental resources
can be analysed

A long-run perspective is adopted, in order to take account both human dynamics (e.g.
population or sectoral growth), and environmentghaimics (e.g. coastal erosion, saltwater
intrusion, subsidence, flooding)

In order to take into account peculiarities of #meas analysed, a spatial structure is adopted, by
finding a compromise between economic informatiamailable at macro-level, and ecological
information, available at micro-level: both a laryea small scale can be applied

An overall value is attached to each alternativ@agament strategy, by highlighting its social
and environmental impacts

Several economic, social and environmental polieies considered, in order to identify their
impacts on optimal decisions

In order to balance generality, precision and sealipredictions are based on a knowledge base
that can be easily collected and that is reasonagbigble, by calculating the confidence level of
results

The suggested decisions and the performed assassesne presented within the Geographical
Information System (GIS), in order to make them iedimtely intelligible.

The main results produced by the analysis in thfgep can be summarised as follows. An optimal
land use allows to achieve a remarkable increasetah GDP; water policies affecting its quantity
appear to be more urgent than those affectinguigdityy; all quantity water policies combined allow
to reach the sustainability of optimal land usediny and very dry years, where groundwater
shortages arise; the industry sector is held bagckitd groundwater demand rather than its
environmental impacts, the urbanisation sector Ishba developed to meet social dynamics, the
agriculture sector is residual, and the tourismaeshould be developed, provided both quantity
and quality water policies are implemented; a gneattention should be paid to BOD discharged in
the aquifer and in the sea with respect to CODhgisged in the aquifer, the lake or the sea.
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The structure of the paper is as follws. Secticefelops the model, while in section 3 the case
study selection is motivated. Section 4 calibratesmodel, while in section 5 the main results of
numerical simulations are presented. Section 6 sanses the main insights, while an overall

assessement of the model is discussed in section 7.

2.The model development

The purpose of this section is to develop a DS&rfeet all requirements identified in section 1.
Let us preliminary observe that normal small letteill refer to parameters, while bold and normal
capital letters will be used for decision and steteables, respectively.

Let us assume that there drareas, (say,i = 1, 2, ...,I) where potential alternative activiti¢s
(say,j = agr, ind, tou, fis, urb, .J, for agriculture, industry, tourism, fishery, urligation, ...) can

be undertaken. For example, in area 1 one mustsehibetween agriculture and industry, in area 2
between agriculture and urbanisation, in arease3nomst choose between tourism and urbanisation.
A GDP per Km2 is attached to each area (similaylto et al., 2007), according to the potential
activity to be undertaken. The reference to sewvatahomic activities will allow to represent local
stakeholders.

Notice that this procedure will assess direct valoé each area only, while an Input-Output
approach could be used for indirect value assedsmbkloreover, this makes the model an area
based planning tool. Finally, this structure canelpanded to any number of areas, with many
areas if a micro spatial scale is chosen.

Next, let us assume that there are some enviromingitess (say,s = riv, lak, sea, coa, ..S for
river, lake, sea, coast, ...), around which potengildrnative activitie§ can be undertaken,
according to the environmental stalugk = 1, 2, ...K) characterising them. For example, around a
lake, either tourism or agriculture can be planm@dprding to the lake water quality; along a coast
tourism or urbanisation initiatives could be conguhrin the sea, either fishery or marine protected
areas can be planned, according to the sea wagityquA single parameter is introduced for
evaluating one Kmz2 of pure environment, in ordeavoid the reference to complicated assessment
procedures for non-economical indicators.

Notice that this structure can be expanded to amgher of activities, in order to take also into
account several types of urbanisation, severaktgberop patterns, ... Moreover, the identification
of the alternative possible activities for eachaadepends on the assumed time horizon, with a
longer horizon allowing a larger set of potentiatiaties to be implemented. Finally, values of
activities are often known at a larger spatial esddlan the scale actually chosen, typically at
regional rather than at municipal level, but aistiaal test can be developed, by relating the
variance of each activity value around the appheeln and the significance of overall model
outcomes.

The decision to be taken at time t+1 is about whittivity i to undertake in each sitedentified by
decision-maker®;;(t+1), such thaD;;(t+1) = 1 if it is chosen to do activityin areai at time t+1,
while D;j(t+1) = O if it is chosen otherwise. An activity chosaritime t+1 might be different from
an activity chosen at time t: for exampl,(t+1) = 1 andD;;(t) = 0. The activity change in area
producesa value change of area Vi(t), that depends on the difference in GDP per KraRveen
the new and the old activitiesp(\and y), and on the extension of the area under congidergh),

so that Vi(t) = Ai [v; Dij (t+1) + v; Dij(t+1) - v; Di(t)] is the value change of ared the activityj

at time t is replaced by the activityat time t+1. The activity change in aigaroduces a change in
total pollutionk in site s (withk = biologic, chemical, metallic, ...) such thaPc(t) = A [p;

Dij (t+1) + pej Dij(t+1) - pe; Dij(t)] is the the change in the k-th pollution, if thetiaity | at time t

is replaced by the activiy at time t+1, where, is the k-th pollution per Km2 characterising the
activity j.

Notice that this structure can be expanded to amyler of environmental indicators for each site,
in order to take also into account solid and aialiqy status. Moreover, the linkages between
activities undertaken in ar@a and the pollution discharged in siggare based on hydrological



analysis, i.e. the model is intrinsically a mulsiciplinary model. Finally, environmental indicators
are chosen for their patent impacts on activitelse considered.
The total additional pollution in each enviromensge s has an effect on values of activities |
relying on it, so that y is reduced by multiplying it by the factor &= (max Rs — Rst) -
Pcs(t))/(max Rs - R(t)), where R4(t)) and max Ps are the currenk-th pollution and the
maximum sustainabl&-th pollution in sites: indeed, ks = 1 if Pcqt)) = 0, while ks = 0 if
PK«(t) = max PK - PK(t).
Notice that ks represents théntegration between economic activities and the environmental
deterioration, by internalising its effects: foraexple, the value of GDP per Km2 for tourism must
be reduced to take into account the public healslnas linked to the pollution level in the sea.
Moreover, ks depends on initial conditions: indeed, a givenimmmental deterioration should
show a small impact in case the initial pollutievel is low, and a large impact in case the initial
pollution level is close to its sustainable maximufmally, max PK depicts thesustainabilityof
economic activities, by making static a conceptt ttg intrinsically dynamic: for example,
international, national or regional institutionsgi have assessed that the pollution load perigear
the sea can not exceed a specified level, on@naitonmental features are taken into account.
The followingsimplifying assumptionsre made:

The integration factor & is assumed to be linear irP (t), but alternative functional forms
could have been adopted.

The impact of pollution on economic activitiesnstantaneous, while it take§ periods for the
activity ]’  j to produce the value difference in site Vi(t) = (1/(1+n)"(t+h)) Ai [v; Dij (t+1) + v
Dij(t+1) - v; Dij(t)], where r is the interest rate

The value of economical activities in sités evaluated per year, hence the value of the pure
environment in siteé is also evaluated per year.

Severalkeconomic constraintsould be considered. For example, the demogrgpk&sure is met:
i AiDium(t+1) H(t+1)/h
where H is the additional inhabitant expected muetit+1, due to human dynamics, and h is the
inhabitant per Km2. Similarly, an expected indugtgrowth could be depicted.
Severalkocial constraintgould be considered. For example, unemployme i@ust be fixed:
i Al jgDijt+l) - Dij®)] O
where gis the employment per Km2 characterising the esvoactivity j. Analougously, an even
distribution among stakeholders of benefits arigiog alternative management strategies could be
included.
Severalenvironmental constraintsould be considered. For example, the use of waigst be
sustainable:
i Ai[jwjDij(t+1) - wj Dij(]  W(t+1)
where v is the water use (CM/Km2) characterising the agtiy while W(t+1) is the expected
change in available water at time t+1, potentialfiected by natural dynamics. Additionally, sea
level rise or subsidence could have been depibiethtroducing constraints arising from expected
changes in coastal lines.
Notice that considering economic, social and emwirental indicators as contraints avoids to refer
to complicated assessment procedures for non-edoabimdicators.
Therefore, the DSS for an ICM can be formalisethaschoice of decisions;[it+1) for each site
and activityj in order to maximise the additional value per year

Max jAi jUQ@+0MN) [ BesVy Dijt+1) + Bes Vi Dij(t+1) - Bs vy Dij(0)] -
- 0A ks Pk «(t) Dienft+1)
Subject to:
i Ai Diun(t+1) H(t+1)/h
i A i 6 D (t+1) - g Dij(t)] O



i Ai[ jwj Di(t+1) - wj Di(t)] W(t+1)

where ¢ is the cost to clear eagkth pollution unit, and j Ai |, .G Pis(t) Diendt+1) is the cost

to be borne if an environmental use is chosenriea a

Five observations are worthy here. First, sevetaherical simulations with alternative values
attached to the pure environment (equal to thectibgevalues of economic activities) avoid the use
of relative weights to combine economic, social amvironmental indicators. Second, the
application of the model to times t and t-1 woulkbwa to assess the overall values of decisions
taken in the past. Third, the suggested framewaoik the applied procedure are straightforward,
while the only parameter that is not objectivelydfped is the value of the pure environment in
terms of the values of the alternative economidvitiets: this favours the discussion between
stakeholders. Fourth, simulations performed witld anithout alternative environmental policies
(say, an increase in depuration rate, an increagater saving, ...) would assess their impacts on
optimal decisions as well as their overall benefitosts. Fifth, results of numerical simulations
can be easily depicted within a GIS framework, whdifferent decisions in each area can be
represented in different colours, while histograras be superimposed to represent changes in
economic, social or environmental indicators inleaea.

3.The case study selection

In order to meaningfully apply the DSS for an ICMvédloped in section 2, we looked for a case
study characterised by the following essentialufiess:

The presence of some crucial economic activitieg. e@ourism, industry, agriculture,
urbanisation, fishery

The existence of some essential environmental ilumste.qg. river, lake, coast, sea

The prediction of some human dynamics: e.g. pojaatnd industry growth

The existence of some social constraints: e.g. aivememployment level, net benefit
distribution among stakeholders

The prediction of some environmental constraintg. egroundwater and surface water
availability, seismic areas

The estimation of some environmental dynamics: ggewater reduction (due to climate change
and salinity intrusion), coastal erosion (due todsaextraction and subsidisation)

The presence of some environmental policies alreadler discussion: a decrease in water
pollution (due to an increase in the depuratior)rat decrease in water consumption (thank to new
irrigation technologies in agriculture), an increas water availability (through an increase in
desalinisation or a re-use of waste water in atjtice)

These features have been identified in Regleand Heraoua municipalities, in the Province of
Alger, Algeria. Indeed, as far ake geographical characteristicdepicted above, these two
municipalities include the Reglalake and they have the beach of Boumerd: theitaieRamsar
site, i.e. it shows an acknowledged environmentdlie;, and it is currently used for water to
agriculture mainly by Regha municipality, and it could potentially represetite stimulus for a
tourism development mainly for Heraoua municipalitgxt, the beach of Kadous is in front of the
lle Aguéli marine protected area, i.e. it showsedified environmental value, and it could further
exploited to move from a trip tourism to a resid@rtburism by both municipalities.

Notice that Heraoua well represents an agricultilineen economy, while Reglewell depicts an
industry-driven economy.

As far asthe base of knowleddeghlighted above, these two municipalities hagerbincluded in
several research projects (e.g. the Algerian cddsinagement through Integration and
Sustainability, AMIS, within the Short and Mediumctfon Plan, SMAP, supported by the
European Union, and the Programme d’AmenagementeiCaPAC, within the Plan Bleu,
supported by the United Nations) so that a lotrdbrimation is available, often at municipality
level, sometime at provincial or regional level.
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Three observations are worthy here. We chose tg oat the analysis at municipality level, but the
introduction of a continuous control variable vallow that a larger scale could be considered too,
by specifying the relative importance of economativdéties or environmental functions in each
area. Moreover, the chosen area does not allowdasfon fishery activities, because there is no
aquaculture near the coast; similarly, a riverassignificant, while other issues are not congder
because of the lack of reliable information. Fipalwe chose to apply the model to a developing
country, where decisions have to be taken aboutduises in some areas, but the reference to past
decisions will show that a developed country calib be considered, by identifying areas where a
restructuring process should take place.

4.The model calibration

The purpose of this section is to calibrate the ehdéveloped in section 2, by referring to data for
the municipalities identified in section 3, at muipal (Commune) level, if possible, and at
Provincial (Willaja) or Regional (PAC) level, otlhese. Let us preliminary observe that the
industrial oriented economy and the agriculturakmed economy characterizing Reghand
Heraoua, respectively, suggested to carry out agpaanlculations for these municipality, and then
to take an average for each indicator, by referathghdicators to one Km2.

In particular, as far awater uses PAC, Gestion integree des resources en eau at assamnésge
liquide (2004) specifies the amount of water used and pgithdustry, service and urban sectors
both in Regha and Heraoua (28044, 127688, 899972 CM, and 4B213 183284 CM,
respectively), as well as the leakage rate (50%d)tha coverage rate of the public water network
both in Regha and Heraoua (54.7% and 62%, respectively): flosvad to calculate the amount
of surface water used in sectors other than aduicul It is then assumed that the complementary
amount of water for the urban and service sectorbtained from groundwater with no leakages,
while groundwater use for the industry for both Reg and Heraoua is set to 6 MCM, as suggested
by PAC,Rapport finale integr€2006).

Besides, PACAction pilote: site du lac de Regha(2005) shows the agricultural patterns in
Reghaa and Heraoua as well as the average use of watgriculture per hectare (4000 CM):
combined with information about land use, this ldadthe amount of surface water used in
agriculture, by applying the ratio between surfacel groundwater uses (1/3), as suggested by
PAC, Rapport finale integr€2006) at regional level to Reghaand the opposite ratio to Heraoua,
as suggested by local hydrological analysis.

Table 1. Surface and groundwater uses, for agujlindustry, service, and urbanization sectors.

CM/Year Regha Heraoua Total g\jﬁgﬁ g&;ﬁ?ﬁ; é&?ﬂﬁg
Surface water
Agr 4.104.621 838.662 4.943.284  300.0p0  100.00200.000
Ind 102.537 1.465 104.002 32.908 18.939 25.921
Ser 466.793 123.268 590.061
Urb 3.290.574 591.239 3.881.818  541.851 230.68386.269
Total surface water 7.964.52¢ 1.554.6B3 9.519.159
Groundwater
Agr 1.368.207 | 2.515.987 3.884.194 100.0p0  300.00200.000
Ind 61.907 1.195 6.000.00( 19.86b 15.4%0.878.686
Ser 281.828 100.561 382.388
Urb 1.986.693 482.326 2.469.019  327.144  188.19257.668
Total groundwater 3.698.635 3.100.068 12.735.602

Notice that PACLe cout de la degradation de I'environnement coéierAlgerie(2005) seems to
validate the above procedures and assumptionsugedts assessment of water uses for Ragha



and Heraoua municipalities in sectors other tharcaljure, combined together and approximated
to MCM, are consistent with the water uses obtalmethe calibration suggested above: indeed, the
total amount of water used is said to be arountMCM (which is similar to 14.427.284Next, for

the sake of simplicity, water uses by the tourigttar will be assumed to be equal to those for the
urban sector.

As far aspollution, PAC, Gestion integree des resources en eau at assamedeiquide(2004)
specifies the total discharge per year of BOD a@dDQor the industrial district of Reghaa(11.687

ton and 9.740 ton, respectively): this allowed &bcalate the liquid discharge for the industrial
sector. Moreover, PAQViaitrise de I'urbanisation e de l'artificialisationles sol§2004) identifies
the discharge per inhabitant per day of BOD and Q60 g and 60 g, respectively), the total
amount of solid waste per inhabitant per year (K@ and 442 Kg, respectively), and the
percentage not collected (10% and 46%, respecjivelgmbined with data on the average
inhabitants per Km2 at regional level (4000) spediby PAC,Rapport finale integr€2004), this
allowed to calculate the liquid and solid dischafgethe urban sector. Finally, liquid pollution
coefficients for the agriculture sector are basednformation about stock-farms in Reghand
Heraoua (so that 1% of discharges are assumed diaibe farm wastewater), and solid pollution
coefficients for agriculture and industry are assdno be 1/10 and 10 times those of the urban
sector, respectively.

Notice that industrial pollution heavily depends the industrial pattern, and the main activity in
Reghaa is foundry (3.117 Km2): the lack of informatioboait the tiny industrial activity in
Heraoua (0.077 Km2) suggested to apply the samlatiool coefficient to both municipalities.
Next, for the sake of simplicity, water pollutiohg the tourism sector will be assumed to be equal
to those for the urban sector.

Table 2. Pollution coefficients for agriculturedurstry, service, and urbanization sectors.
BOD/Km2 (ton) COD/Km2 (ton) Solid/Km2 (ton
Agr 2.065 9.995 50.1
Ind 3.050 3.659 5010
Ser 73.000 87.600 501
Urb 73.000 87.600 501

Next, the maximum additional pollution chargeshe aquifer, the lake, and the sea, are calculated
by referring to data on the total BOD and COD disged at regional level (88.377 ton and
106.050 ton, respectively) as recorded by PA&Estion integree des resources en eau at
assainissement liquidé€2004), and by rescaling them for Reghand Heraoua municipalities
according to data on population: this lead to as4e&47 ton and 2.096 ton of BOD and COD total
discharges in these municipalities. These figurestlaen combined with data on total water uses
(both for surface and groundwater) and water diggs(in aquifer, lake, sea) at municipal level,
and referred to average water quality indicatoecsied in PAC,Gestion integree des resources en
eau at assainissement liqui004): 10 mg/l and 40 mg/I for BOD and COD, redpely, with 5

mg/l and 20 mg/I as references for good water tuali

Table 3. Maximum pollution loads in aquifer, lakedesea.

Max additional BOD (tonM)Max additional COD (ton)
Aquifer 30,0436 121,153
Lake 96,139 387,689
Sea 24,034 96,922

Notice that 100% of agricultural, 20% of urban & of industrial pollution is likely to be

discharged in aquifer, while 0% of agricultural 98®f urban and 100% of industrial pollution is
likely to be discharged in the lake. Next, onlyiates based near the coast are likely to disaharg
directly into the sea. For the sake of simplici®d% pollution discharge is assumed to affect
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aquifers, while 80% and 20% of the remaining 80%ssumed to be discharged into the lake and
the sea, respectively: costs for liquid polluticgpdration and for solid pollution management are
assumed to be 0.634 EURO/CM and 0.634 EURO/CM esely, as suggested by PAEtude
prospective de I'urbanisatio(2004).

As far aseconomic indicators,we used the sectoral GDP percentages (12, 47qrddgficulture,
industry and service) and the per-capita incom@¢8PDA = 1040 EURO) in 1998 at national level
(DGE, Communication national initiale2001) in order to identify the contribution ofreglture,
industry and service to the formation of the averaggome of each Algerian inhabitant. We then
multiplied these figures by the population of Reghand Heraoua (66215 and 18167) in 1998.
These would be the sectoral GDP levels in thesenwaicipalities if the economic structure in
these two municipalities were the same as the geetdgerian one: the income level is irrelevant
within a maximisation algorithmBut this is not the case, since Regha a highly industrial
municipality, while Heraoua is a highly agriculturaunicipality: indeed, agriculture and industry
activities cover 58% and 13% of total area in Reghahile they cover 75% and 1% in Heraoua.
Thus we firstly calculated the sectoral GDP per Km2both Regha and Heraoua, and we
secondly worked out the mean: this lead to 437,1828nd 24481 EURO/Km2 for agriculture,
industry and service, respectively, where the esiten of the service activities is assumed to
amount to 20% of the condensed urban areavever we are interested in tourism rather than in
service, and we have no information about Remghahile we know that the single hotel in Heraoua
collapsed due to the 2003 earthquakeus we assumed that GDP per Km2 for tourism is timeesa
as for service.

Moreover, we applied the activity rate (20%), tleeteral occupation percentages (17, 18, 18, and
14, in agriculture, industry, service and consiargtrespectively), and the employment rate (80%)
in 1998 at national level (DGECommunication national initiale2001) to the population in
Reghaa and Heraoua in order to obtain the occupatiotrattsire: these would be the sectoral
occupation levels in these two municipalities & thconomic structure in these two municipalities
were the same as the average Algerian ones. Butstimot the case, as clarified abo&gain we
firstly calculated the sectoral occupation per Kimdoth Regha and Heraoua, and we secondly
worked out the mean: this lead to 97, 3648, 3384hdmployee per Km2 in agriculture, industry
and service sectors, respectively, where all ugjsliare assumed to be constructed by local firms,
and are assumed to require refreshments everydaes.

Finally, we used the average number of people pasd (6) and the average number of houses per
Km2 (4000), as suggested by PAMaitrise de l'urbanisation e de I'artificialisatiordes sols,
(2004), and we assumed that 20% of per-capita iecsmelated to house expenditure, in order to
obtain the average value of condensed urbanisedoagreKm2: this lead to 4992000 EURO/Km2.

Table 4. The economic indicators

GDP/Km2 ()| EMPLOYEE/Km2 (N)| Required extension of areas in 2020 (Kin2)
Agr 437 97
Ind 62613 3648 0.551
Ser 24481 338
Urb| 4992000 40 0.413 - 1.208

As far ascurrent land uses,we referred to google earth in 2004, where areastéd to agriculture
and industry activities are specified, as well esaa covered by urbanisation, beaches and forests
are identified (see Map 1).

As far aspotential land uses PAC, Action pilote: site du lac de Regla2005) specifies the dune
extension (1 Km2, approximately evenly split integRaa and Heraoua municipalities), the
location and extension of the area for tourism tgyeent (1.04 Km2 on the west side of the lake),
and the extension of the sea park (8.630 Km2). blaee a questionnaire submitted to technical
offices of both municipalities allowed to take iraocount the land management plan. Finally, an
aimed realistic analysis suggested to predict #isoindustry growth, as well as to depict the
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current (illegal) urbanisation, although not présed by the land management plan. This lead to
identify 7 areas (see Map 2), where in areas 13aaa urban area could replace an agricultural area;
tourism or urbanisation or environment could beedigped in the agricultural area 2; in area 4 and
5 either tourism or environment could be impleméniedustry or urbanisation could be developed

in the agricultural areas 6 and 7.

Map 1. Land uses in 2004.

Legend. Black = industry and the sea, white = adjxice, light grey = forest, dark grey =
urbanisation, large pattern = the lake, small pattepublic equipment

Map 2. Potential land uses in 2020.

As far aseconomic dynamicswe applied a 1% yearly industrial growth ratesaggested by PAC,
Impacts des activites anthropiqu@05), to the industrial extension in 2005 inesrtb obtain the
required extension of the industrial area in 2020s lead to 0.551 Km2 (i.e. 17% of current
extension).
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As far associal dynamics we used the estimated population of Reghand Heraoua in 2005,
suggested by PAQyiaitrise de l'urbanisation e de l'artificialisatiomles sol52005), in order to
make consistent land use (observed in 2005) wiguladion level (recorded in 1998), and we then
applied the maximum and minimum estimated populaticrease in 2020, suggested by PAC,
Maitrise de l'urbanisation e de l'artificialisatiodes solg2005), to these figures, together with the
average number of people per house (6) and thageerumber of houses per Km2 (4000), in order
to obtain the required maximum and minimum extem$b the urban area in 2020: this lead to
1.208 and 0.413 Km2 (i.e. 14% and 5% of currengm@sibn).

Five observations are worthy here. First, PA@Gpacts des activites anthropiqué005) assesses
the coastal loss rate in 0.45 m/year (presumablyhomt sand extraction) up to 1.9 m/year
(presumably with sand extraction), which leadsricesatimated beach loss in 2020 of 6.75 m up to
28.5 m, and, consequently, to an estimated beaemsrn in 2020 of 43.25 m up to 11.50 m: for
the sake of simplicity, it is assumed that tourismot affected by coastal loss. Second, we assumed
that it takes 5 years to set up an industry armbeasm activity, 2 years to construct an urban area
and it takes 1 year to develop an environmentdakepted area: a 5% discount rate is applied. Third,
the plan to favour urbanisation away from coastehs, as discussed by PA@pacts des activites
anthropiques(2005), has not been taken into account hereyderao avoid other areas to bear
population pressure of the two municipalities unclamsideration. Forth, for the sake of simplicity,
we did not distinguish the rural and urban popatatiand we did not apply different expected
growth rates to different current population obsenin the whole area under consideration;
similarly, we did not differentiated the relatiomnstbetween water uses (by alternative sectors from
alternative sources) and pollution discharges (tgrraative sectors to alternative sites) for difetr
parts of the area under consideration. Fifth, {haiad procedures and assumptions suggest that it
possible to calibrate the ICM model even wherelldesa are not available, although more detailed
information at local level would improve its reliity. However, the most tentative parameters are
the GDP values attached to the economic activiiies these parameters could be considered
stochastic variables whose means are known andneas can be guessed only), and the suggested
model makes differences between these variablegsavbovariance is positive (i.e. an increase in
variability of GDP around the regional mean in @eetor is likely to be associated to an increase
also in other sectors). Thus, by assuming a nodisalibution, we calculated the upper bound of
the variance of each GDP value involved in each ergal simulation in order to have a 90%
significance of outcomes, to be compared with th#any variance of the standardised normal
distribution.

5.Main results from numerical simulations

The maximisation of the additional value obtaingdchanging the current land uses, according to
the potential land uses, by taking into accountheadc (industry growth in 2020), and social
dynamics (population growth in 2020), as well asiao (employment maintenance) and
environmental constraints (surface and groundwatastainability, as well as pollution
sustainability in the aquifer, the lake, and tha)séead to land uses which depend on the value
attached to the environment. Sub-sections belowpnglsent optimal land uses, where environment
values are alternatively set to be equal to vatweduated for the agriculture, urban, tourism and
industry sectors.

In particular, in order to highlight the potentiaisthe model developed in section 2 and calibrated
in section 4 for the case study identified in setts, we performed four main groups of numerical
simulations: those presented in sub-section 5.1atitasting the sensitivity of results in alteraati
environmental conditions; those in sub-sectiond2 at assessing the impacts of policies affecting
water quantity; those discussed in sub-sectiorar3at measuring the impacts of policies affecting
water quality; those in sub-section 5.4 combinecpes affecting water quantity and quality.

Notice that PACGestion integree des resources en eau at assanegeliquide(2004) admits
that it is difficult to evaluate the potential alogindwater in Regha and Heraoua, although it could
be reasonably stated that the aquifer is explatemimost its maximum level: we will assume that
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an additional 25% of groundwater is available witpect to current uses. Next, for the sake of
simplicity, the potential surface water is simijadvaluated: this assumption will turn out to be
irrelevant.

5.1.0Optimal land uses in alternative scenarios witbut water policies
Table 5 presents optimal land uses in the average y

Table 5. Optimal land usestine average yeawithout water policies.

Environment values = agn = urk = tou = ingd
Al agr 0.957 0.823 0.545 0.948
urb 0.042 0.175 0.454 0.050
A2 agr 0.002 0 0 0
urb 0 0 0 0
tou 0.009 0 0 0
env 0.988 1 1 1
A3 agr 1 1 1 1
urb 0 0 0 0
Ad tou 0 0 0 0
env 1 1 1 1
A5 tou 0 0 0 0
env 1 1 1 1
A6 agr 0.134 0.362 0.823 0.271

ind 0.414 0.357 0.145 0.381
urb 0.451 0.279 0.030 0.346
A7 agr 0.834 0.352 0.027 0.690
ind 0.057 0.434 0.650 0.101
urb 0.108 0.213 0.322 0.208

GDP (1000) 36 82 102 99
Employment (N) 3462 5843 5869 3538
urb land use (Km2) 1.208 1.208 1.208 1.208
ind land use (Km2) 0.982 1.647 1.655 1.005
groundwater use (MCM) 1.314 2.561 2.514 1.3h3
surface water use (MCM) -0.350 -0.337 -0.3B6 58.3
solid pollution (ton) 5319 8613 8649 5425
BOD aquifer (ton) 17 17 17 17
COD aquifer (ton) 14 13 13 13
BOD lake (ton) 46 46 46 46
COD lake (ton) 37 34 34 36
BOD sea (ton) 14 14 14 14
COD sea (ton) 11 10 10 11

Variance of economic parameters|if =0.30 | 0.213 0.244 0.227 0.21
=0.60 | 0.372 0.427 0.397 0.37
=0.90 | 1.489 1.708 1.587 1.50
Agriculture, urbanisation, tourism and industryues are set t0.0.437, 4896, 24481 and 62.613 ThdusSdRO,
respectively. Next, the variance of the normalistidbuted economic parameters (GDP per Km2 fowiets involved
in the estimation) smaller than 1 means a more@osed distribution than the standardised norméilaligion.

U =

Seven main remarks are worthy highlighted here:

the available groundwater is always exploited sonitaximum level (3.184 MCM), while the
surface water is redundant: this is due to theelaigyoundwater coefficient characterising the
industry sector with respect to the agriculturet@edogether with the conversion to industry of
several areas originally devoted to agriculture

the additional pollution never reaches its maxinsustainable level, although BOD discharged
in the aquifer and the sea should be kept undetgreontrol

the urban extension reaches its maximum level 8L.RM?2), while the industry extension
ranges between 2 to 4 times the minimum requiregb(0Km2)
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the tourism activity is never suggested, whileghgironment preservation is prescribed instead

the agriculture and industry activities show anagie (although non-linear) changes: this is
due to the larger value coefficient characterigimg industry sector with respect to the agriculture
sector, together with the absence of assumptiomsitathe minimum extension of agriculture
activities

the employment preservation does not representstreant

the additional value is significant, and it (nondarly) increases with the value attached to the
environment.
Section 2 emphasised the long-run perspective 6€BRDSS: indeed, planning land use is a long-
run decision making process. Thus, a sensitivitalyamis in alternative scenarios has been
performed. In particular, DGE;ommunication national initial¢2001) specifies the percentages of
precipitations in dry and very dry years with regpge average years in the Province of Alger (74%
and 63% respectively), and, consequently, the eidotal amount of surface and groundwater:
numerical simulations presented above suggestahgtoundwater shortages in dry years will
hamper the industry development. Moreover, DGEymmunication national initiale(2001)
assesses the reduction of surface water due tatelichange (from 15% to 30%), but this impact
seems to be negligible. Finally, PAGnpacts des activites anthropiqu¢®005) assesses the
potential coastal losses (from 43.25 m up to 11§00 numerical experiments discussed above
suggest that coastal shrinkages will not prevemtéickless tourism development.
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5.2.0ptimal land uses in the average year with qudity water policies

Three main water policies affecting its quantitg auggested by PAC reports for Reghand
Heraoua: a 20% water saving in agriculture, duethi® introduction of innovative irrigation
techniques; a 20% additional water from the empoveait of the desalinisation facilities; a 20%
water saving in industry, arising from the re-u$s@me water processed by the depurator. Table 6
presents the numerical simulations depicting @&séhpolicies combined.

Table 6.0Optimal land allocations in the average yath waterquantity policies.

Environment values = agn = urk = tou = ingd
Al agr 0.788 0.804 0.994 0.99y
urb 0.211 0.195 0.005 0.002
A2 agr 0 0 0 0
urb 0 0 0 0
tou 0.052 0 0 0
env 0.947 1 1 1
A3 agr 0.677 0.672 0.672 0.672
urb 0.322 0.327 0.327 0.327
Ad tou 0.036 0.004 0 0
env 0.963 0.995 1 1
A5 tou 0.005 0.002 0 0
env 0.994 0.997 1 1
A6 agr 0 0 0 0
ind 0.847 0.844 0.749 0.999
urb 0.152 0.155 0.250 0
A7 agr 0 0 0 0
ind 1 1 1 0.748
urb 0 0 0 0.251
GDP (1000 ) 179 183 190 228
Employment (N) 13752 1370( 12992 12981
urb land use (Km2) 1.208 1.208 1.208 1.208
ind land use (Km2) 3.842 3.837 3.640 3.638
groundwater use (MCM) 6.169 6.13) 5.766 5.760
surface water use (MCM) -0.786 -0.817 -0.8P4 20.§
solid pollution (ton) 19540| 19474 18498 18482
BOD aquifer (ton) 19 18 17 17
COD aquifer (ton) 11 10 10 10
BOD lake (ton) 51 48 47 47
COD lake (ton) 30 27 27 27
BOD sea (ton) 15 14 14 14
COD sea (ton) 9 8 8 8
Variance of economic parameters|if =0.30 | 0.127 0.130 0.13( 0.130
=0.60 | 0.222 0.228 0.228 0.228
=0.90 | 0.889 0.911 0.913 0.918

Three main differences with respect to insightsamigtd in sub-section 5.1 with no water policies
are worthy noticed here. The suggested industrgnsibn is almost eight times with water quality
policies, although decreasing with the value atdcto the environment. Pollution indicators are
slightly lower everywhere. Tourism appears as agmat activity (around the lake only), provided
the value attached to the environment is suffityeloiv.
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5.3.0ptimal land uses in the average year with quigy water policies

A single main water policy affecting its quality & stake for Regha and Heraoua: an 80%
depuration rate for water discharged in the lakeh(wespect to the current 15%). Table 7 presents
the numerical simulations depicting this policy.

Table 7.0ptimal land allocations in the average yath waterquality policies.

Environment values = agf = url = tol =ind
Al agr 0.791 0.875 0.588 0.844
urb 0.207 0.123 0.410 0.154
A2 agr 0 0.2160 0 0
urb 0 0 0 0
tou 0 0 0 0
env 1 0.783 1 1
A3 agr 1 1 1 1
urb 0 0 0 0
Ad tou 0 0 0 0
env 1 1 1 1
A5 tou 0 0 0 0
env 1 1 1 1
A6 agr 0.359 0.169 0.634 0.241
ind 0.519 0.611 0.286 0.499
urb 0.120 0.219 0.078 0.259
A7 agr 0.294 0.428 0.123 0.508
ind 0.348 0.271 0.579 0.251
urb 0.356 0.299 0.297 0.244
GDP (1000 ) 87 92 111 134
Employment (N) 6417 6524 6403 5541
urb land use (Km2) 1.208 1.208 1.208 1.208
ind land use (Km2) 1.807 1.837 1.802 1.563
groundwater use (MCM) 2.864 2.918 2.854 2.4D3
surface water use (MCM) -0.332  -0.332 -0.383 30.3
solid pollution (ton) 9407 9556 9386 8195
BOD aquifer (ton) 17 17 17 17
COD aquifer (ton) 12 12 12 13
BOD lake (ton) 11 11 11 11
COD lake (ton) 9 8 9 10
BOD sea (ton) 14 14 14 14
COD sea (ton) 10 10 10 10
Variance economic parameters|if =0.30 | 0.253 0.261 0.238 0.240
=0.60 | 0.442 0.457 0.417 0.420
=0.90 | 1.768 1.828 1.668 1.679

Two main differences with respect to insights afdiin sub-section 5.1 with no water policies are
worthy noticed here. The suggested industry extenisi almost double with water quality policies,
when the value attached to the environment in wengll or very large. Pollution indicators are
slightly lower also in the aquifer and in the sehere the depuration rate has not changed.
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5.4.0ptimal land uses in the average year with qudity and quality water policies
Table 8 presents the numerical simulations demcaih quantity water policies discussed in sub-
section 5.2, together the quality water policy ¢deed in with sub-section 5.3.

Table 8.0ptimal land allocations in the average yath waterquantity and quality policies.

Environment values = agf = urk = to = ind
Al agr 0.999 0.899 0.784 0.97b
urb 0 0.100 0.215 0.024
A2 agr 0 0 0 0
urb 0 0 0 0
tou 0.096 0 0 0
env 0.903 1 1 1
A3 agr 1 0.672 0.672 0.677
urb 0 0.327 0.327 0.327
A4 tou 0.487 0 0 0
env 0.512 1 1 1
A5 tou 0.018 0 0 0
env 0.981 1 1 1
A6 agr 0.065 0 0 0
ind 0.735 1 0.854 0.759
urb 0.198 0 0.145 0.240
A7 agr 0 0 0 0
ind 1 0.797 1 1
urb 0 0.202 0 0
GDP (1000 ) 165 176 203 229
Employment (N) 13089 13346 13775 13063
urb land use (Km2) 0.413 1.208 1.208 1.208
ind land use (Km2) 3.610 3.738 3.858 3.660
groundwater use (MCM) 5.76( 5.95p 6.176 5.8p3
surface water use (MCM) -0.83D -0.821 -0.818 28.§
solid pollution (ton) 18167 18988 19581 18596
BOD aquifer (ton) 11 17 17 17
COD aquifer (ton) 4 10 10 10
BOD lake (ton) 8 12 12 12
COD lake (ton) 7 10 10 11
BOD sea (ton) 9 14 14 14
COD sea (ton) 3 8 8 8
Variance economic parameters|if =0.30 | 0.123 0.130 0.130 0.130
=0.60 [ 0.215 0.228 0.228 0.228
=0.90 [ 0.860 0.913 0.913 0.918

Three main differences with respect to insightsamigtd in sub-section 5.1 with no water policies
are worthy noticed here. The suggested industrgnsibn is almost seven times with water quality
policies, although decreasing with the value agdcto the environment. Pollution indicators are
slightly lower everywhere. Tourism appears as aviait activity (both around the lake and along
the coast), provided the value attached to therenrient is sufficiently low.

6.Main insights from numerical simulations

The main remarks presented in section 5 can be swised in the following insights abofutture
land management decisions:

An optimal land use allows to achieve a remarkaiesase in total GDP, even if economic and
social dynamics, as well as social and environni@otastraints are taken into account.

Differences in increases in total GDP suggestwaer policies affecting its quantity appear to
be more urgent than those affecting its quality
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As far as resource sustainability, all quantity evapolicies combined allow to reach the
sustainability of optimal land use in dry and vely years, where groundwater shortages arise,
while surface water is redundant

The industry sector is held back by its groundwatemand rather than its environmental
impacts, the urbanisation sector should be devdlopaneet the social dynamics, the agriculture
sector is residual, and the tourism sector shoaldidveloped, provided both quantity and quality
water policies are implemented.

As far as pollution sustainability, a greater aitem should be paid to BOD discharged in the
aquifer and in the sea, while COD is a less prggssue.

Next, the main remarks presented in section 5 @asummarised in the following observations
aboutpastland management decisions:

The plan suggestion of no urbanisation in A1 seenige optimal, whenever the value attached
to the environment is sufficiently large

Urbanisation is never suggested in A@nsistentlywith the plan

The plan suggestion of 20% of A3 devoted to urlaima seems to be optimal, provided (at
least) water quantity policies are implemented

The tourism development in A4, as prescribed bypla®m, can be supported, provided both
guantity and quality water policies are implemented

Environment is always suggested in Abnsistentlywith the plans

The plan suggestion of at least 25% of A6 devotedurbanisation seems to be optimal,
provided no water policies are implemented

The plan suggestion of at least 20% of A7 devotedrbanisation can be optimal, provided no
water quantity policies are implemented

7.Conclusion

Results presented in section 5 and insights hijgtdidjin section 6 seem to stress that the DSS for
an ICM suggested in this paper show all featureaionéd in section 1 by combining potentials and
inadequacies recognised in the literature. HoweWestmacott (2001) identifies the essential
characteristics that a DSS for an ICM should showerms of design and role.

In particular, as far as thieesign Westmacott (2001) says that the DSS should imzatp multiple
objectives and views. Our model considers all ms@ctors involved in the decision-making
process. Moreover, the DSS should cover a mulfisary subject area. Our model relies on data
based on analysis carried out by hydrologists aoologists. Finally, the DSS should deal
adequately with limited data and information. Ouodel combines data at municipal level, not
always available, with data at regional and nafidexel, by expressing the degree of accuracy of
the obtained outcomes in terms of the largest geevariance that micro-level parameters should
show around the macro-level mean in order to aeh@esuitable confidence level.

As far as theole, Westmacott (2001) states that the DSS shouldteolCM data and information.
Our model is suitable to a day-to-day managemeamtesadditional information on economic or
environmental dimensions can be easily introduoaede the economic and ecological structure is
set up. Moreover, it should facilitate discussioml glay an educational role. Our model uses a
straightforward maximisation approach, by applyicigar assumptions and procedures, and by
simplifying the decision making process into a cangon between the objective economic returns
for stakeholders and the subjective value attadmednvironment (see Appendix for a GIS
representation of results). Finally, it should bsugport system, not a decision-maker. Our model
has been used to stress relevant constraints geshtupriorities to be taken in to account in the
planning process, by stressing the potential intemas between policies.

Therefore, the suggested DSS for an ICM meetdallacteristics required by Westmacott (2001).
Additional research efforts however will be reqdite further improve it.

In particular, it actually shows a quite rigid stture, although some degree of rigidity is
unevoidable, if it must be tailored to local cormahs. It presently disregards environmental and
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economic indirect impacts, but data availabilitynofght allow to develop an Input-Output Model.
It currently lacks an easy computer interface, aféns already arranged for this application.

Appendix. A GIS representation of results
A.1l. Optimal land uses without water policies

Figure 3. The environment evaluated as the incalsector.
Environment is always suggested in Alile at least 25% of A6 devoted to urbanization seems t
be optimal, provided no water policies are impletadn
A.2. Optimal land uses with quantity water policies

Figure 4. The environment evaluated as the tousisotor
No urbanization in Aland20% of A3 devoted to urbanization, seem to be agtiprovided (at
least) water quantity policies are implemented.
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A.3. Optimal land uses with quality water policies

Figure 5. The environment evaluated as the urbtnmmsaector
Environment is always suggested in A5, while asi€8% of A7 devoted to urbanization can be
optimal, provided no water quantity policies argiemented

A.4. Optimal land uses with quantity and quality waer policies

Figure 6. The environment evaluated as the agullsector
Urbanisation is never suggested in ABdthe tourism development in A4 can be supported,
provided both quantity and quality water policies enplemented
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