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What is the best distribution for pollution abaternefforts?

| nformation for optimizing the WFD Programs of measures.

Abstract The Water Framework Directive (WFD) has mobilizedmomic theory in order to encourage E.U.

Member States to reach desirable environmentalrvpatéution levels by conciliating economic and kxpcal
interests. For this purpose, a stringent standgob(l status”) has been set. Nevertheless, ithelpossible to
relax this standard if it appears that total abatenctosts required for reaching this “good statesteed
expected environmental benefits. This ambitiousicgolupdates the issue of the abatement costs and
environmental benefits assessment. Concerningasts,ca full discrimination of the abatement effoihimizes

the total cost when the impact of polluters chargpestially, while a uniform effort can reach a ptibn target

in flexible ways. In this case, the increase ofdbgree of discrimination of the abatement effemeiquired only

if it generates significant positive economies. Qbeoretical and empirical results have shown et
discrimination advantage becomes insignificantdither very demanding or very little demanding egatal
standards and varies according to the pollutersfilpr In the case of “intermediate” standardsicéghcy gains

become negligible with a restricted number of affavels”.

Keywor ds: Abatement effort discrimination, Pollution contaaist, Water Framework Directive (WFD)

JEL classification: D62, K32, Q52

1. Introduction

The American Clean Air act of 1970, and more pedgithe introduction of tradeable permits
in order to reduce air pollution in USA, and, latdre establishment of the Total Maximum
Daily Load procedures in 1992 by the Clean Watet, Ancouraged economists to be
interested in the allocation of the abatement efteven if the equalization of marginal costs
of abatement allows a reduction of total emissibased on minimum cost, it doesn’t allow

reaching ambient standards with minimum cost if thact of effluents is spatially
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heterogeneous (Montgomery 1972, Tietenberg 19749&tb). Nevertheless, Baumol (1972)
and Baumol & Oates (1988) assert that the equadizatf abatement marginal costs can be
obtained more easily by a uniform effluent tax rateby tradeable permits. Concerning the
Pigovian tax, little information concerning the t03$s required, because the rate can be
adjusted according to the observed ambient coratémit As for the minimizing cost
allocation presented by Tietenberg and Montgomirgequires discriminated effluents tax
rate or a spatial discrimination of tradeable p&smy separated exchange zones or
differentiating permits’ prices according to theation of buyers and sellers (see Tietenberg
2006). These policies are more demanding to imphentbey need more information (see
Duggan and Roberts 2002) and could generate atii#ytaosts (see Bosch and al 2006 for
equity problem). We gather these constraints utisergeneric name: discrimination costs.
Thus, because of the presence of discriminationsc@batement effort discrimination is
justified only if it offers a significant reductioof costs. Tietenberg (1995, 2006) enumerates
the studies that estimate the total cost of abatéfoee discriminated and uniform allocation.
For McGartland (1984) and Atkinson & Lewis (197l treduction of costs is within range of
40% to 78% depending on the region, the naturé®fpbllutant and the standard. However,
we don't identify studies dealing with the factdhst influence the size of this reduction of
cost. Destandau & Point (2000a, 2000b, 2003) hagmodstrated that between full
discrimination and uniform abatement effort, thera’range of possible options with a partial
discrimination of the abatement effort in gatherthg polluters into different effort levels.
The discrimination degree changes between botremetrsolutions and the discrimination
costs increase with the discrimination degree. Hanehere still remains the issue of factors
influencing the total abatement cost variation adcw to the discrimination degree. The
major role played by the cost-benefit analysish@a Water Framework Directive (WFD) has

provided the opportunity for examining this issue.
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The WFD has mobilized economic theory permittingniber States not to comply with
the “good status” objective for water bodies ifrthés sufficient evidence that environmental
benefits are below the total cost of abatementnarog of measures. Yet, in the case of multi-
source pollution, the total pollution abatement tcosquired for reaching a certain
environmental quality level shall vary accordingth@ distribution of the abatement effort.
Therefore, the conclusion of the cost-benefit agialynay be different. Similar to methods
employed for assessing environmental benefits, stecimakers will have to accurately
define the abatement effort distribution at a Comityulevel. This distribution should be
used as a reference for preparing WFD programseasores. Discriminating the abatement
effort increases first-best efficiency by achievihg same level of quality at a reduced cost
but also generates discrimination costs.

The purpose of this work was first to identify thenditions under which a uniform
distribution of the effort leads to significant wereefficiency, or when it seems interesting
overall. Secondly, the aim was to determine whiggrde of discrimination should be
recommended when a discrimination approach seemterpble. The contribution of this
analysis is to focus on which factors determinécigiicy gain from discriminating among
polluters by type, namely when discrimination canuxiged to be beneficial and when it isn’t
beneficial. Section 2 will provide an overview betWater Framework Directive. In the third
section, we present the different distributionsabétement effort. The models are static with
several polluters contributing to the concentratisnone pollutant in the environmént
Section 4 will present the indicators employed dbserving efficiency gains as well as our
hypothesis regarding effort functions. Sections8 & are dedicated to our theoretical work,
maximum efficiency gains and maximum "absorbedicefhcy gains, respectively for each

effort discrimination degree. Prior to the conotusin section 8, our theoretical results will be
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tested with an empirical application on a rivethe Adour-Garonne basin (France) in section

7.

2. Water Framework Dir ective (2000)

The Water Framework Directive (Directive 2000/60/B€ the European Parliament and
Council, 23" of October 2000) represents a major turning pioithe European Water Policy.
Firstly, it unifies the objectives of previous Ditaves which distinctly describe the following
issues, though sometimes in a contradictory mamnmaeterground water, surface water, water
intended for drinking water supplies, bathing atwgeg, fish and shellfish farming, etc.
Secondly, in this Framework Directive, the econoamalysis plays a major role in relation to
setting ecological objectives and to establishimg theans required for achieving them. As
regards river pollution reduction, the Directivefers to cost-benefit analysis for setting
ambient standards (or ecological objectives) arttieéacost-effectiveness analysis for defining
the abatement effort distribution. Furthermorengsincentive tools is clearly recommended
for achieving these objectives.

In relation to this WFD, river basin, which currgntrepresent the recommended
management scale, are broken down into differentsufiwater bodies”, to which are
assigned a quality level on a scale from 1 to &. (lhigh status”, "good status”, "average
status”, "poor status”, "low status™). The quatityss assigned to the water body is defined by
chemical considerations, biological consideratiqfier surface water) and quantitative
considerations (for underground water). The ecacllgbbjectives or ambient standards to be
reached were determined after a long consultationgss between environmental protection
associations, main polluters and water companiessaAesult, the “good status” ambient

standard was initially set (i.e. quality class 2)is a stringent ambient standard, which is

relatively tolerant regarding anthropologic pressubdifferent deadlines have been set for
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achieving the “good status” objective: 2015, 208d a027. It already seems too difficult for
some water bodies to achieve this objective by 20i®rder to avoid an environmentalist
drift, a correction mechanism has been includedhim Directive. An exemption can be
granted for certain “water bodies” if there is eande that costs required for achieving the
“good status” objective exceed resulting environtakbenefits. Two types of exemptions
may be granted: delaying the “good status” achiemndeadline (either to 2021 or 2027), or
setting a less demanding ambient standard. Howaverajor coordination effort is required
in order to determine methods to assess benefdscasts. Indeed, overestimated costs or
underestimated benefits will lead wrongly to a mlexible ecological targetConcerning
costs, when pollutants have various sources, thee gpuality level can be achieved for the
natural environment with different abatement efididtributions. Each distribution involves
separate total costs for the same ecological owcormhus, the distribution of pollution
abatement efforts must be clarified as this exgianawill be used as a reference in the cost-

benefit analysis.

3. Thedifferent waysto allocate the abatement effort

3.1. DEFINITIONS OF THE ABATEMENT EFFORT

Several definitions can be given for the abatemefifdrt, or more precisely, different
conditions may mean that the abatement effort é&sdhme: the same amount of pollutant
recovered or the same pollution abatement coshébance.

In our study, the abatement effol is considered uniform if marginal pollution
abatement costs, (q,) are identical for each polluter, wheggis the abated quantity. Indeed

a distribution aiming to balance out marginal podn abatement costs among polluters is
achieved by using non-discriminated incentive tdatsform effluent tax rate for example or

tradeable permits without different exchange zarebwith a unique permit price).
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E, =c.(a,) (1)

3.2. MINIMUM COST SOLUTION FOR REDUCING AMBIENT POLUTION

In the search for the most cost-efficient solutibrseems obvious that the reference program
of measures (for each pollutant) must be basederffort distribution minimizing the sum
of abatement costs to achieve an ambient pollutitre good status. However, as
demonstrated by Montgomery (1972) and Tietenbe®g4a, 1974b), the pollutants released
into the environment are subjected to heterogenemsformations (transport, dilution,
degradation,...). The increase of the pollution coteion 6, due to an additional unit of
emissions, will be different according to the esritt. We denoté), the transfer coefficient.
We assume that a polluter with the highest transtefficients is more « harmful ». Fr
pollution sources, one of the Kuhn-Tucker condsianentioned by Tietenberg (2006) to

reach the target at minimum cost, with our notatjas:

q..[c,(a,)-A6,]=0 OxO[1, X]

A is an indicator of the weight of the pressure #®don receptoy, in this case the total
abatement cost variation when the ambient standandodified by one unit. With (1), we

obtain:

a.[E,-A6]=0 OxO[LX] ®)

Condition (2) shows that with a sufficiently demanyl standard and non-prohibitive
abatement costs, the abatement effort shall beoptiopal to the expression.d, . Therefore

the effort is proportional to the pressure exettgdhe polluter on the ecosystem which is

subject to standards.
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We note that the efforts, and then the marginateabant costs, are equal for efficiency
only when each pollution source has the same earmsfefficient. In other words, recalling
Tietenberg, the “equal marginal cost” requirement dfficiency is generally incorrect with

locational effects.

3.3. GROUPING POLLUTERS IN EFFORT LEVELS

Various authors, including Baumol and Oates (1988)e underlined that this type of
discriminated policy could require a significant @amt of information. It can also generate
additional administrative costs (in addition to alaearch costs), as well as considerable
acceptability costs. In order to avoid these dmscration costs, Baumol and Oates propose to
standardize the abatement effort, even in the ohs@ferent transfer coefficients from one
polluter to another.

Faced with the two extreme solutions: a perfectgriminated effort distribution offering
maximum first-best efficiency (minimum total abatmh costs) and uniform effort
distribution offering minimum discrimination costBestandau and Point (2000a, 2000Db,
2003) have suggested an intermediate solution:rizaiiy discriminated distribution of the
effort. The aim is to determine a good trade offtwaen first-best efficiency and
discrimination costs by grouping pollutershnevels of efforf. The methodology consists in
solving three Problems: the Community Problem, Ahecation Problem and the Complexity
Problem. For each discrimination degifdeand each groups of pollutens the Community

Problem consists in assigning an effort levah.to
We denote byE; the abatement effort common to all polluters fréme n™ group. The

inversion of the function (1) gives the quantityatfated pollutiom, by a polluterx:

o, (E,)=c, (E}) DxOnOnO[LN].
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Using our notations, and considering that the efftuax rate in Destandau and Point (2003)
is the effort level here (both are equal to thegima cost), we can rewrite the Destandau and
Point (2003) expression as below:

A(N)D 6,4, (ER)
E =E = ACH OxOn,OnOLN], ONOILN_ ] (3

xOn

The effort level recommended for each group of yiells is related to the intensity of
ecological constraints and to the average intraqgimpact of pollutant release in the natural
environment. FON=Nnq, perfectly discriminated effort distribution (atraduced cost) is
determined Nmax Will be equal toX if the transfer coefficient is different for eapbllution
source.

For N=1, we obtain the expression of the uniform eftést

A®-36,.9,(Ey)
E =E, =%

= X0 [L X] (4)
z qx (EU )
x=1

The purpose of the Allocation Problem is to defwoduter groups that minimize total cost for
any possible discrimination degré¢ The variation of first-best efficiency can thus b

observed when the discrimination degree changessdfimination costs are known, a simple
confrontation with first-best efficiency will enabls to determine the optimal discrimination

degree. This is the last step in the methodoldgyGomplexity Problem.

4. M ethodology
The study focuses on controlling a single multirseuypollutant whose impact on the natural
environment varies according to the localizatiorfffuents. This single pollutant can also be

assimilated to a degree of harmfulness linked ¢artpact of different of different pollutants,
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which are thus comparable such as in the tax basizermany. The concentration of this

pollutant must not exceed a threshold or standiaadsangle receptor.

4.1 RELATIVE FIRST-BEST EFFICIENCY GAINS

The first-best efficiency gains defines the deaseas$ total abatement cost when the
discrimination degree (or the number of effort greuincreases.

First, we want to know if the discrimination of tladatement effort is really effective. To
answer this question, we build a first indicatdre tMaximum relative Efficiency Gains

(MEG), which measures the relative difference betwthe total abatement cost of uniform

effort (Cy) and perfect discriminated effoiCy):

MEG = S ~Ce _1.Ce (5)
CU CU

Once the discrimination seems effective, the puepsgo know which discrimination degree
is sufficient. Then, a second indicator: the AbgarlEfficiency Gains (AEG) estimates the
percentage of MEG that is absorbed by switchinghfeouniform distribution to a distribution
amongN abatement effort levels (AEG).

CU _CN

AEGy.N =
U-N C, -C,

(6)

4.2 POLLUTION ABATEMENT EFFORT FUNCTION

As specified above (1), the abatement effort walldetermined by the type of marginal cost
function selected. It will be referred to the etfunction. Two types of effort functions will

be considered, first a linear trend:

X X

Linear effort function: E :q—fF+ F. OxO[L X1, g, O[0,97™] (7)
e

X
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Each polluterx is characterized by fixed codtg, by an efficiency parameterff; (the polluter

can abate at a lower cost when the parameter is),hand by a maximum quantity of

max

pollution which can be abated, corresponding togtinentity of pollution produced by q,
Indeed, a linear marginal cost function implies éxéstence of a maximum abatement effort
that can cancel out the emissions. In this casespeak about large-scale or small-scale
polluters depending on the value aif*".

We also use convex marginal abatement cost furgtidrich is a widely used hypothesis in

the literature. This hypothesis considers thatcthst of the integral abatement of the produced
pollution is infinite.

Convex effort functionE, = —[%jln(l—%] OxO[4, X] (8)
e q

X X

Function (8) was proposed by Barrett (1994). kgnates the hypothesis often encountered in
the literature (i.e. positive marginal abatemenstgp increasing with an increasing rate

tending towards+ « for an abated pollution converging towards a maxing™.

max
X ’

It will be possible for any pollutex to be identified by a vecto{@,,q, ", eff,) i.e. by its

harmfulness, size and efficiency. In this caselupel’s ability to reduce its effluents with a

minimum cost doesn’t depend only on the paramefigrbecause the slope of effort’'s curve
depends on both the parameteps™ andeff, and also on the standaf@, since the slope
increases with the abated quantity. Thus, a snddluter (low g;**) that is efficient (high

eff) could abate the first units of pollutant in a @pevay, but in expensive way for the last

ones. With highd,, g and eff, coefficients, the polluter will have more chance¢duce

the pollution in the environment at a minimum cost.
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5. Maximum efficiency gains
5.1 MEG WITH A LINEAR EFFORT FUNCTION

X polluters contribute to the pollution concentoati at the receptor level. The strict
compliance with an ecological standard requiresrémeoval of a concentratio® from the

environment. In this case, the abatement effagivien by:

— X
Q=16,4, 9)
With the linear effort function (7), expression {8comes:
6 = iex'eﬁx'(Ex - Fx)
x=1

The following expressichis determined from expressions ¥2nd (4) (as a uniform

distribution and perfectly discriminated distrilmrt):

o 56, eff,
Uniform effor®: Q=3 6, eff, | A,.*2——-F,
x=1 > eff,
x=1

Perfectly discriminated effor = f@x eff,.(1..8, —F,)
x=1

Based onj, and A,, respectively the "weight" of the standard as déoam distribution and

the perfectly discriminated distribution of theaetf the following expression can be written:

_ X fjeﬁ‘x
Uniform effort: A, = [Q +>0, ,eﬁX,Fx}xxﬂ—
X=1 (> eff 8,)?
x=1
Perfectly discriminated effortd, = [6 - i@x .effX.Fx}—x 1
= > eff, .67

x=1
By integrating theses terms from 0 @, we define the total cost of abateméht for the

discriminated effort an@y for the uniform effort.
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dQ = [Q +Q29 eff,. F}ﬁ

j {Q+Z_£H eff, F}Zeff

Zeff
X— dQ= [Q +Qze eff, F}
(Zeff )2

_IO[Q+ZH eff, F} %

Thus, the following expression is obtained:

(Seff 6,)?
MEG = 1— > (10)
>eff Zeff 62

x=1

The above expression (10) indicates that with lineHort functions (unlimited), the
maximum efficiency gains (MEG) do not depend on $tendarfl Indeed, the trend of the
effort curves is independent from the standard traim.

The expression (10) confirms that when the poltuteave the same transfer coefficiét

the relative efficiency gains are null. In this eashe uniform effort (equalization of the
marginal abatement cost) is the solution with aimim cost. Symmetrically, the relative
efficiency gains increase when the transfer coetffits are more heterogeneous. Indeed, if the

polluters are equally efficient, expression (103draes:

X
(>26,)° 29 (29 I X) X8’
MEG =1 — =1 =127 =
xze2 zef > 67 292/x
x=1 x=1

By quantifying the heterogeneity of the transfeefficients by the variance:

X — X
>(6,-0° X6
Var(g,) == = = x -

2

Var(6,) + 6+
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Note that more heterogeneity (high variance) ingfer coefficients increases the MEG, and
thus the interest to discriminate the abatemewotteff

In order to understand how the MEG evolve accordmghe profiles of polluters, we
assess the MEG with two polluters profiles, one wag1g the most harmful polluter as the
most efficient: MEG. the other one considering the most harmful poll&srthe least
efficient: MEG...

- We assume that the harmfulness is an increasiagrlfunction of x:
6,=6,, =ax OxO[LX],a00,.

X)

The efficiency is an increasing function of x to oaddte MEG.:

eff, =eff,, = Bx OxO[L X] p0O0, and decreasing to calculate MEG
eff, =eff,, = (X -x+1) OxO[1, X], 4007,
We have:
X X
(> eff.6,)? a’p*(Xx*)’
MEG,, = 12— =1 L
> eff, > eff .67 a’p?yxy x
x=1 x=1 x=1 x=1
_ [X(X +1)(2X +1)/6]* =1_§ X3(X +1)*(2X +1)?
[X(X +1)/2] *[X2(X +1)?/4] 36 X3(X+1°
_ 1.2 (2X +1)?
9 X(X+1)
and,
X X
(>eff 6,)° a?B? (3 (X —x+1).x)?
MEG,. = 15— =1 =
> eff > eff .62 a’B?y (X =x+D3 (X —x+1).x>
x=1 x=1 x=1 x=1

X X 2
[(X+DXx-Xx’]

=1 X X X 2 X 3
500124705 - £

[X(X +1)?/2-X(X +1)(2X +1)/6]°
[X(X +1) = X(X +2)2] * [X(X +1)?(2X +1)/6 = X*(X +1)?/4]
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_, 24 [BX(X +1)% = X(X +1)(2X +1)]?
36 [2X(X +1) - X(X +D]* [2X(X +1D)?(2X +1) -3X*(X +1)?]

2 [X(X +1)(X +2)]? :1_3 (X +2)
3 X(X+DX(X+D?*(X+2) ~ 3 (X+)

So, MEG.; will lower than MEG.. when:

1.2 @X+D* 2 (X+2) 2 X+1)° 2 (X+2)
9 X(X+1 3 (X+1) 9 X(X+1) 3 (X+)
2
%>3.(x+2) o X2-2X+1>0

e (X-)*>0 = X #£1
Then, for more than one polluter, the MEG is lovthié most efficient polluters are the most

harmful. In this case, the discrimination is ndenesting.

A polluter that is both efficient to abate and harnwill be able to remove a large part of
pollution from the environment at a minimum costh@wise, the effort of a polluter that is
less efficient and less harmful, will have a lowpiast on the environment. It seems that the
MEG and thus the interest for discrimination, is levhen the ability to reduce pollution is

uneven among polluters.

Figure 1 illustrates the individual abatement cdatls(+) and growth (-) of polluters A
and B, when switching from a uniform effort to aaiminated effort. The left-hand side of
Figure 1 shows the case where the most efficieliiteo B (lower slope) is the most harmful
(Es upper than [, the right-hand side is the opposite. In bothesasie can see that the most
harmful polluter (B in the left-hand side and Atine right-hand side of the diagram) increases
its costs when the allocation becomes discriminasdpposed to the least harmful polluter.

Moreover, when the slope of the abatement margiosi is low, an effort modification as a
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high impact on the abatement, and thus, on thes.c@st the contrary, the more important the

slope is, the lower is the impact.

% Es | - %
S Eu > ©
s ] - f
£ e E
g Ea ///’ >% }/ — +
£ + - E e
5 e = /
qoa qua qus  qos qua ~qoa qus
qoe
Pollution abatement Pollution abatement
The most efficient (B) is more harmful The modtiefft (B) is less harmful

Figure 1. Decreasing (+) and increasing (-) costswe move from uniform to discriminated effotbaation

As a result, the MEG are higher when the pollutext reduces its costs (the least harmful
polluter) when it switches to a discriminated adition, has a lower marginal cost slope (most
efficient polluter), and also, when the most hadnploiluter is the least efficient (right-hand

side of the Figure 1).

5.2 MEG WITH A BARRETT-TYPE EFFORT FUNCTION

Section 5.1 has helped identifying which polluteskaracteristics influence the level of
maximum efficiency gains. The present section ihgates the impact of the convexity of
effort functions on efficiency gain variation.

Expression (9) concerning the saturation of thdoggcal standard is rewritten with a Barrett

function (8):

— X
Q=260 (1-exp ™)
x=1

The following expression is determined from expi@ss (2f and (4) as a uniform and
perfectly discriminated distribution. The simulatiovas carried out using the Excel Solver

tool:
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« ) i@x eff g, exp M)
H . — max eff, A, .60 A — X=
Uniform effort: Q = X%)l@x.qx .1-exp ), whereg ==

> eff .qr*.exg &)
x=1

X

X

Perfectly discriminated distributior® = i@x g, (L- exp %) (11)
x=1

The expression (11) above is difficult to inverseorder to isolatel, andAp, as we did with
the linear effort function. Moreover, as descritliedore, the MEG depends on the relative
slopes of the effort curves, which are jointly kukto all the parameters in the case of convex
functions. This inversion is obtained with a sintiaia®.

To observe the evolution of MEG according to thiéedent parameters, we consider 2

polluters A and B. Each polluter is characterized its size q;*, efficiency eff, and

harmfulness, .

- Four cases are considered:

CASE 1: The large-scale polluter is more efficiantt more harmful.
CASE 2: The large-scale polluter is more efficient less harmful.
CASE 3: The large-scale polluter is less efficiaml more harmful.
CASE 4: The large-scale polluter is less efficiamtl less harmful.

- The selected values are:

max
X

max
X

Size:q,~ =10 (Large-scale) og, = =5 (Small-scale)

Efficiency: eff, = 1 (more efficient) oeff, = 0.5 (less efficient)
Harmfulness:#, = 1 (more harmful) o6, = 0.5 (less harmful)

10% | Large-scale polluter = Less efficient = Less harmful

£ Large-scale polluter = More efficient = Less harmful
S 8%+
>
[S]
S ~
% 6% - Large-scale polluter = Less efficient = More harmful N
E P Ll i \e - T
5 -
q) ~
> 4% T N \
=
«© Large-scale polluter = More efficient = More harmful N\
& N\
2% + “\
~N
N\
0%
Q=0 Q = Qmax

Ambiant pollution removal

Figure 2. MEG according to the polluters’ profile
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Figure 2 indicates that the evolution of maximunficefncy gains takes several forms
depending on the characteristics of the pollutdeszertheless, in spite of theses differences,

we can extract some results from this diagram.

First, whatever the polluter’s profile, the effisey gains become insignificant for extremely
demanding standards. The justification for thisutess comparable to Weitzman's theory
(1974) where he recommended using a price or gyactintrol approach according to the
slope of cost and benefit curves. When the standarery demanding, the abatement effort is
very high, inducing a very strong slope of the gffanction. Thus, switching from a uniform
effort distribution to a discriminated distributiovill have very little impact on the quantities

of pollutant released and therefore on relatedscost

As described before on the polluters profiles,ahgity to reduce the effluents with minimum
cost varies strongly according to the values of eliedparameters. It explains why the
evolution of MEG is different according to the paér's profile (Figure 2). However, even if
three of these curves have a similar shape, orfdepdiffers amongst them: Case 1. Indeed,

we note that the MEG remains moderate, whateveletled of the standard constraint, when

max
X

polluters able to reduce their effluents at a miummcost @, and eff, high) are the most

harmful. Here, we recognize the results given lgylthear functions. However, we can see
that for strongly demanding standards, the MEGighdr for this profile (case 1). As shown
before, the MEG tends to 0 when all polluters bezonefficient to reduce water pollution.
This inefficiency comes later (for more demanditsgndards) for polluters which are both
“large”, efficient and harmful.

The opportunity to discriminate or not the abatemeffort will truly depend on
"absolute" efficiency gains, i.e. the differencetvren total abatement costs as a

discriminated effort and uniform effort, but also discrimination costs which are not the
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subject of our study. However, studying maximuncefhcy gains has enabled the collection
of significant information for fuelling this discsi®n. Regardless of the polluters’ profile, the
discrimination has no significant purpose if thanstard is very little demanding or, on the
other hand, if it is very demanding. In the formase, this is due to low absolute costs, and in

the latter case, to the convexity of cost functions

Result of section 5. With linear effort functions (unlimited), maximuffi@ency gains (MEG)
do not depend on the ecological standaEG increase when the transfer coefficients are
more heterogeneous. This result is intensifiech& most harmful polluters are the least
efficient. With convex effort functions, maximuficiehcy gains become insignificant as the
standard becomes more demanding. The discriminagidinerefore not very interesting with

either a very demanding or very little demandiransiard (due to low absolute costs).

6. Maximum " absorbed" efficiency gains
This section focuses on the partial discriminadrthe abatement effort. For each level of

effort N, the aim is to define polluter groups and thespective abatement effort.

6.2 AEG).y WITH A LINEAR EFFORT FUNCTION
The Community Problem provides the abatement effort for thfépolluter group.
Results [3] and [6] provide the value of the efftavel for theN™ group in the case of a

degree of discriminatioN >:

¥ 8, eff,

=N :AN.XD“z? OnO[L, NJ; ON Ofg+e | (12)

xOn
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If polluters are equally efficient, the effort léweill be proportional to the average transfer
coefficient of polluters of the group. Otherwiske ttransfer coefficient of the most efficient
polluters would have the greatest influence orefifiert level of the group.

In order to improve understanding on the way groaps determined, and gather
information on the trend of efficiency gains, wenswmler the following hypothesis on a

neutral profile of polluter:

Hypothesis 6.2: A continuum of polluters ranked in increasing ardd harmfulness is

assumed on segmeifd, x__ ] . Thus, grouping polluters in effort levels cotsia positioning

max

"boundaries" on]0,x,,] - Each group n will be limited by segmdi, , B

sup

]. We assume

max

that harmfulness is a linear increasing functébpy on 10, |, iN such way that the
harmfulnessd, = 6, of a polluter x will be equal #®x (parameteré being a constant).

Last, we consider similar cost functions for alllpters, that is to say constant parameters

max

eff andg™ and fixed costs F nulls.

According to the hypothesis 6.2 above, the expoesdi2] becomes:

Birr:f + Bsnup
E" =1, 6. — " OnO[LN];ONO[L+eo[  (13)

According to the hypothesis 6.2, tAHocation Problem provides groups of a similar scale. In
order to demonstrate it, we rewrite the saturationdition of the standard (9) with these

hypothesis. For two groups separated by a bouri8laitye condition becomes:

= _ B 1 Xmax 2
Q= | Oxeff Ejdx+ [ ™ O.xeff E3dx

By integrating expression (13 = [ 6.xeff 4, ﬁgdx+ [ o.xeff .Az.e.—(xmaxz ~B) x
— 2 _ _ 2
- 0=0eft1, 02 B 4 getrp, g e =B o= B)
2 2 2 2
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= Q=4,. [B® + (Xpa — B)°]

G? eff
4

A 4Q
2= g7 eff. [B% + (X, — B)°]

The cost function (according to the quantities olliygion removed) is convex, so the total

cost will be minimum for minimum marginal coss .

04, 12Q .., .
=- B -B B+ (X, — B =0
B Geff [B® = (Xnax = B)*1.[B + (X = B)°1™
X
- —(x B 2 = O - B — “max
( max ) 2

We can easily check that the second derivadité, /dB? is positive.

Thus, for a discrimination of degree 2, the bouwdseparating the two groups (or effort

levels) is at%. By recurrence, we deduct that for a degree Fidigtation, boundaries are

positioned at% and % and thus, for a discrimination of degrie the n' group

includes polluters located on the segment :

}”Tlxm%xm} OO [, N]; ON O [L+oo (14)

By substituting expression (13), the following exgsion is obtained:

@GN S ONO[LNJ:ON O [Lteo] (15)

EY, =A1,.6.
N N 2N max

Thesaturation of the standard is written (in the general case) as follows:

Q = X[&6,0, dx ON O +eo]
n=1 nf
With results (15), (8), (16) and the hypothesistBe2following expression is obtained:

. 2
0 =4, M eNxmaX > (0= | xdx ON O[L+oo
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o 2

- Q=A,. eff. 29Nxmax > (2n-1)? [N O [1,+00[

_ o= /]N_eﬁ.e rgaﬁl(;m 1) AN O Lo
2

- A, = Q 6N ON O [L+0o

eff 82.x3_ (4N? -1)

max

Thus, by integratingl, (Q from 0 to Q, the total abatement coS}, for a discrimination of

degreeN is obtained :

2

6 3N?
eff 623, AN? -1

=21, (QdQ= ON O, +eo]

2
It can be noted that only the right-hand teﬂﬁ\z'—l depends on discrimination degrile

Thus:

100%
90% +
80% +
70%

60% +

50% - B "Absorbed" percentage

40% +
30% -

20% +

Percentage of "absorbed" MEG

10% +

0%

1 2 3 4 5 6 7

Number of effort levels
(discrimination degree)

Figure 3. Percentage of "absorbed" MEG for eactridignation degree N
As shown by figure 3, switching from a uniform effalistribution with two effort levels
enables to absorb 80% of maximum efficiency ga®is4% with three effort levels, 95.2%
with four effort levels, etc... It can be notedttiath few groups, nearly the same first-best

efficiency is obtained as with an infinity of graufperfectly discriminated effort).
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6.3 AEG.n WITH A BARRETT-TYPE EFFORT FUNCTION

With a Barrett function (8) the expression (12) becomes:

>0, eff g™ .exp 5

Ey =4, 2 UnU[4 N]; ON O [+
TN seff gr.exp S [LN] (el

With the same hypothesis 6.2, tBemmunity Problem remains the same as with a linear
effort function (14).

A "first" breakdown will be analyzed when switchifiggm a uniform distribution to a
discrimination of degree 2. Both effort "groupst aeparated ofo, x,.,,] by boundary B. The

saturation condition of the standard becomes (lttothesis 6.2):

Q= e O.xq™ . (L-exp ") dx + IBX'““@.x.qmaX.(l—exp’e““*Eg)dx

e 20 - e B+ (- exp ) (1, ~ B’
6.q
+
with EL = /12.9.2 et E2 = Aﬂ?.%
The left-hand expressionéz%, refers to the intensity of the standard constrdihus, the
q

standard will become more demandingifincreases, but also & and/orq™ decrease.

As in section 5.2 above, we use a simulation tentesthe role of the standard constraint

on the relative efficiency gains, here the efficiggains when we move from a uniform effort
to a discrimination degree 2. We consider the foihg parameterseff =6 =q™ =x,, = .1

We obtain Figure 4.
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Figure 4. "Absorbed" maximum efficiency gains w2leffort levels
In accordance with the results obtained with adireffort function, we find that the transition
from a uniform distribution of the abatement efftorta distribution into 2 groups allows the
absorption of about 80 % of MEG. However, as shomwrFigure 4, this absorption rate
decreases slightly for more demanding standamis explained in section 5.2, this result
indicates that for very demanding standards, tfatdiinction slope is very important, which

reduces the effectiveness of discrimination.

Result of section 6. "Absorbed" maximum efficiency gains will depend molluters'
characteristics and the intensity of the standaahatraint. However, regardless of the

profile, nearly all MEG are absorbed with littlefeft levels.

7. Empirical Study

In this section, a simulation with actual dataliesented. Within the framework of the WFD,
the abatement effort must allow the achievemerihefgood status on overall water bodies,
and can deal with numerous polluters. Unlike thevimus sections, the ecological goal aims
to achieve a pollution standard (and not a poliutjoantity to abate) for an important number

of receptors.
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7.1 PRESENTATION OF THE CASE STUDY AND SELECTED HYFHESIS

This empirical study focuses on organic pollutidrire Isle river in the Adour-Garonne river
basin (France), called the Isle River. First-bd§itiency gain variations are observed by
modifying the abatement effort distribution forfdifent standards which are to be respected
over the entire river and no longer at a singleepgar point. Polluters are mostly industries
and local authorities, which pay a pollution taxtt® Adour-Garonne water Agency. 70
polluters 25 different towns are spread out aldrgriver from. For all of these polluters, a
Barrett-type abatement effort function has beersehowith an identicaeff, coefficient for

max
X

each polluter but with differenq;* coefficients in compliance with the informatioropided

by the Adour-Garonne Agency on the organic mattedpced by each polluter (see Figure
5). The ability of polluters to reduce their effiue at minimum costs thus depends only on
their size. A “larger” polluter will be more effient. The pollution produced is the maximal
guantity of pollution that would be rejected whéwre is no abatement. The French Water
Agency estimates this value for each polluter pgyan effluent tax according to the activity

sector and activity volumes.
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Figure 5. Organic Matter produced along the IskeRi
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The diffusion of organic pollution in this river $iabeen studied by the Institute of
Geodynamics of the University of Bordeaux Il irder to determine the transfer coefficients
of each polluter. Selected transfer coefficients identical for polluters located in the same
town. The 25 municipalities represent the emissjpmints (industries located in a
municipality), and their immediate downstream areas represented by the 25 receptors
where the quality target must be achieved. Thuguinpractical case study, the abatement

effort distribution minimizing the costs consist25 distinct abatement effort levels.
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Figure 6. Transfer coefficients cumulated in eatlission point
As shown in Figure 6, polluter's harmfulness desesaaccording to the upstream -
downstream direction as the river's flow rate iases and intensifies the dilution effect. The
river flow had been modelled in order to take iatxount the dilution effect. However, a
hypothesis of natural purification of 1% per kilomeehad been assumed. Consequently, 25
transfer coefficients (one for each receptor) aseiated to each of the 25 emission points.

Theses coefficients are nulls for the receptoratkat upstream from the emission point.

7.2. SIMULATION AND EMPIRICAL RESULTS
According to the data provided by the Adour-Garokivi&ter Agency, we have estimated the

total abatement costy@or each number of groups with the following optiation program:
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70
Min C, =) C,(q,) = Z[QL““ —Q, + qx-ln(qx/QL“aX)]
x=1

25 70

Under constraints Q2Q,=>>46,q, Oy
y=1 x=1
q,=0 X
c.(q,)=c.(,) if x etx’ in the same group

The groups and th& values for each group are interactively assessed.

We have used two tools: the Excel® Solver tool andoptimization tool using a simple

genetic algorithm. As the formulated problem is hie¢ar, the Excel® Solver tool uses the
non-linear "Generalized Reduced Gradient (GRG2}Ihapation algorithm developed in the

United-States by Leon Lasdon from the UniversityTekas (Austin) and Allan Waren from

the University of Cleveland. A simple genetic aigun (SGA) is used for determining the

empirical efficiency gains, which are considered gexision variables related to the

formulated problem. The algorithm used in this cases described by Goldberg (1994).
Either tools can be more effective depending onctirgext. For instance, genetic algorithms
provide on average better results for very demandiandards but provide poorer results for
less demanding standards. The most relevant sofytishich have been obtained with both
tools, have been selected.

Figure 5 shows that the Isle River comprises 4 npaihution sources, with far more
pollutant production downstream. Upstream, polkitean be up to 34 times more harmful
than downstream. In the situation where the “lafgeslluters are the less harmful (Figure 2),
the Maximum Efficiency Gains (MEG) are important fittle demanding standards and
decrease when the standard constraint becomegsifbrs result is confirmed in Figure 7
with MEG reaching about 22% for little demandingaljty objective (not quantity of

pollution to remove from the environment as presi@ections) and tending to 0 when the
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standard becomes strong (Figure 2, representinguaetity of pollution to be removed from
the environment, the standard is more demandingherright-side. While in the Figure 7,

illustrating the standard to reach, the constrigimbore important on the left-side).

25%

20%

15% -

10% -

Maximum efficiency gain

5% -

0%

01 2 3 45 6 7 8 9 101112 13 14 1516 17 18 19 20 21 22 23

Quality standard (OM in mg/l)

Figure 7. Maximum Efficiency Gains on the Isle Rive
Figure 8 illustrates the absolute abatement cdstglescribed in the section 5, the abatement
discrimination effort is only interesting for "awgely"” demanding standards. The actual
benefit can only be assessed based on the absealukes of costs. For this river, the WFD
standard equals to 14mg/l of organic mattevghich corresponds to maximum efficiency
gains of 209" However, organic materials of non anthropogemiaree or from Isle’s
tributaries are note considered in our simulatibhe WFD standard is therefore more

demanding in reality.
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Figure 8. Costs according to the effort distribntio
A "boundary" is set downstream of the largest gadlusource at kilometre 41, according to a
partial discrimination of polluters into two effofevels. As observed in Figure 9, the
separation into two effort levels enables to "ab%onore than 50 % of maximum efficiency
gains and more than 70 % of reasonably stringamidsirds. This "absorption” is about 77 %

for the standard, which is recommended today by\R®&*".
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Figure 9. "Absorbed" MEG with 2 effort levels
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In the case of three levels of efforts, a secorebkaown isolates the greatest pollution

source. In order to achieve four effort levels,hadt breakdown separates the two large

pollution sources upstream at kilometres 171 arit] 4bd small polluters downstream.
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Figure 10. Percentage of "absorbed" GEM for easbriination degree

Figurel0 confirms the theoretical results. If ARGIs slightly modified according to the

standard, the MEG "absorption" is nearly integrahwiew effort levels. With the 14 mg/l

WFD standard for organic matter, two levels of affosorb 77 % of MEG, 94 % with three

levels of effort and 99 % with four levels of effdr

8. Conclusion

The exemption procedure is a major issue for théeeYWramework Directive implementation

and outcomes. This procedure will assess the baldmetween economic and ecological

interests that will be targeted. Member States thedEuropean Commission therefore need

solid elements to define cost and benefit assedsmethods. Concerning costs, initial texts

suggest that the programs of measures must be duopmpased on the abatement effort

discrimination, but actual onsite application remsaunclear. The uniform distribution of
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abatement effort enables to minimize constraintated to the discrimination. However,
under certain conditions, it is more expensive. phgose of this work was first to identify
the conditions under which a uniform distributiohtbe effort leads to significant under-
efficiency, or when it seems interesting overakc@dly, the aim was to determine which
degree of discrimination should be recommended wéatiscrimination approach seems
preferable. Several authors have dealt with theteatent effort discrimination issue:
Atkinson and Lewis (1974), Destandau, (2000a), &ettu and Point (2000b), McGartland
(1984), Montgomery (1972), Tietenberg (1974a, 1974805), etc. However, no specific
research has dealt with the relationship betweerdifierent parameters of the optimization
model and the relative benefit of discriminatione\&rgue that the European Commission
must encourage Member States to discriminate tregeatent effort when: ecological
objectives are "averagely" demanding (neither w@#ynanding nor very little demanding),
transfer coefficients are very heterogeneous arititpcs able to reduce the effluents at
minimum costs are the least harmful. However, atidhnumber of effort levels is sufficient
to make this policy effective. In this paper, basedhe context of the WFD when designing
the Programs of measures, the objective of thelaisguis to reach an ecological target at
minimum cost. A possible extension in the futurelldobe to include an ecological benefit

function to the regulator’s objective function.
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Notes

1. The effluents (or abated pollutions) are expést terms of continued flux generating equilibmiu
concentrations in the environment (or concentratemoved from the environment). For constant efftsg
the pollution concentration will obviously changé&hmime for example according to climate condiso®o,
the regulator must not only set the standards imgeof pollution concentration but also the dati®
frequency of measures and the minimum non-confgrnaite required (see Destandau 2000a). If the feans
coefficients takes into account these specificatifar example by an estimation in the worst mettemical
conditions to prevent the violation of the standate program of the planner can be considerea static
problem.

2. In France, water agencies geographically didodte the pollution tax by allocating area coeéidis
according to the geographical localization to thsib rate of each pollutant (specific to each hgdaphical
basin). Furthermore, Klaassen, Forsund and Amar®94)l study the application of partial effort
discrimination in relation to tradeable permits, asspecific exchange rate, which would define permi

exchanges between different geographical areas.

3. With g, non equal t® for eachx.

4. With a linear function, the quantity of abatemand then the abatement effort are limited. THosvery

demanding target, the conditions [3] et [5] caméonot achieved for some polluters as soon asecésply ,

Y X ,
A,>6 E
ij 6 or yz=:1 yle xyqx( U)
= y Xy

éq; (Ey)

will be higher than the maximum effort. So, we poge here that all the

polluters are large enouglg[™ high) in order to respect theses relations. Theaithof the parameteg|;

on the relative efficiency gains is not tackigith a linear function.

5. With a linear effort function, we obtainy, (E, ) = eff,

6. This result has to be in perspective when thertefunctions are limited, because an increasitagndard
constraint will enhance the number of pollutersahhwill have to abate their whole produced pollntign

this case we have not the relations [3] and [SEibthe polluters).

7. With a Barrett-type effort functiorg) (E, ) = eff .. exp "5

X

8. We don’t demonstrate it here, but the affectafiooblem is modifying according to the convexitytbe

functions. When the standard tends towards 0, tlamselling any constraint, polluter "groups” areiaity
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important which is similar to the result obtainedhalinear functions. However, more demanding stadd
will generate increasingly unequal "groups", witle most harmful polluters belonging to the larggsbup”.

9. The WFD does not define a standard for orgarittanbut differentiates COD and five-day BOD, apased
to the tax bases of water agencies (and therefotieet data available on produced and dischargedtitjea)
which, up to now, were calculated by taking 2/3fige-day BOD and 1/3 of COD. We have therefore
converted WFD standards using these ratios so asht@in an organic matter standard which could be
compared to polluters' characteristics. Howevethafuture, for consistency, water agencies wifedentiate

five-day BOD and COD.
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