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Product Desigli and Alternative Market Schemes for
Solid Waste Treatment and Disposal

Thomas Eichner and Riidiger Pethig, University of Siegen

1. The problem

The economics of waste treatment and disposal have been extensively studied in dynamic -
and static models. As in case of air-borne or water-borne ‘material emissions’, the principal
reason for inefficient markets are environmentalv externalities. But with the focus on solid
waste, additional potentials for ‘market failure’ are of great concern to waste management (see
e.g. Conn (1977) and Spofford (1991)), in particular the failure of markets for consumption
waste and the failure of markets to bring about the efﬁcient (‘green’) product design. The lat-
ter issue did already receive some attention in the theoretical literature on recycliﬁg e.g. by
Holm-Miiller (1997, p. 171n.) and Fullerton and Wu (1998) who introduced a product design

variable that increases production costs and reduces the cost of recycling.

The present paper focusses on the environmental relevance of product design in the setting
of simple static general equilibrium analysis. But rather than introdﬁcing a product-design
variable ad hoc we envisage a (durable) consumption good each unit of which contains a cer-
tain amount of some specific material which explicitly enters the analysis as a factor of pro-
duction. The embodied material per unit of output, called the mdterial content, for short, can
be varied through product design and remains an intrinsic attribute of solid waste left over
after consumption. The material embodied in consumption waste is assumed to have the po-
tential of causing environmental damage but that’damage can be reduced or even avoided
when the cbnsumption waste is treéted before landfilling. For any given labor used for waste
(material) treatment the environmental démage rises with both the total amount of consump-
tion waste (weight) and its material‘content. Therefore, the analysis must keep track of the
material content of output as determined in production (product design) and passed on all the
way to the waste treatment firms. Insofar, the embodiment concept modeled here captures an
important aspect of product life-cycle analysis which, in our view, is not adequately accounted

for in the waste disposal literature.

Keeping track of embodied material in spent output first requires to model an economy with

material-content features as outlined above and study its pertinent efficiency implications.



Then it is important to investigate the capacity of markets for coping with the produbt-design y
issue. This is the principal objective of the present paper. Waste treatment firms turn out to
have an incentive, and' williﬁg11ess-to-pay, for reducing the material content of consumption
waste when high material content cuts into their profits. We contend, however, that it is not at
all clear, neither as a theoretical nor as an empirical matter, whether - and if so, how - that
material content is driven by market forces and which concepts or types of markets will be
active or do not emerge, respectively. To understand how markets determine product design is
obviously a conditio sine qua non for any suitable recommendatioﬁ for corrective regulation,
since policy proposals ought to depend on the type of market failure identified. Solid waste
management should clearly be designed to only fill the gap of inadequate market forces, but it

“should by no means replace reasonably well functioning markets.

Therefore, our attention is focused on clarifying how varjous types of market schemes affect
the allocation of material content. We show that material content (as well as pollution) has the
public-good property of joint consumption and hence choose the Lindahl market scheme as a
benchmark. This scheme is known to be efficient, but which clearly lacks incentives to
emerge in the real world. A less unrealistic approach is the concept of what we call indirect
markets for material content suggested by Fullerton and Wu (1998) in the context of recycling
where agents perceive the price of the consumption good and/or the price of consumption
waste as a function of material content. Yet another way to strive for- the efficient product de-

sign is to use markets for embodied material.

Our analysis shows that, if they are active, markets for'emb_odied material as well as indirect
markets for material content secure allocative efficiency under some qualifications. It turns
out that indirect markets for material content are efficient, if the technologies take some spe-
cial form which seems to be quite restrictive. Markets for embodied material are efficient, if,
in additidn. landfilling costs are absent or depend on the embodied material only. In the ab-

sence of all these markets the consumption good tends to be provided with 'excessivcly high

material content.

| Another dimension impacting on the structure of (competitive) markets is property rights.
We distinguish the householdé and the producers property rights rules depending on whether
households or producers are responsible for the proper, legally prescribed disposal of con-
sumption residuals. As could be expected from Coasean economics both rules turn out to Be

efficient in the absence of transaction costs.



In section 2 a partly disaggregated model with pollution, waste treatment and landfilling is

developed and its efﬁcienf allocation is characterized. For this model, section 3 formally de-

fines, invesfigates and compares the market procedures described above and their efficiency

properties. Section 4 concludes.

2. A Model of consumption waste treatment and landfilling

The economy to be studied is given by’
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' A plus or minus sign underneath an argument of a function denotes the sign of the partial derivative of that
function with respect to the respective argument. Upper-case letters are reserved to denote functions and sub-

script attached to them indicate first derivatives.



The structure of the fnodel is quite simple. The amount x* of a singlé consurﬁption good,
called good X, is produced with labor, £%, and two types of material which are embodied in
thevoutput. To keep the analysis simple, one- of these materials is assumed to be costless and
(thefefore) not explicitly introduced ‘into the formal model. The other type of material, referred

“to as rhaterial, for short, is an explicit production factor; its quantity is m?. Each unit of good
X is of constant weight, but the technology (2) allows for varYifxg the material input mix as

measured by the material-output ratio, g, , defined in (6) as the share of (explicitly modeled)
material per unit of output X. We will call g; the material content of good X. After consﬁmp-
tion, good X is turned into consuﬁption waste of equal weight, w: , with the potential of
causing environmental damage. This damage can be reduced or even avoidedz, in turn, if
treated before landfilling. According td the utility function (1), labor ¢, is endogenously
supplied by each household who consumes x; of good X, and suffers from pollution, ¢? . La-

bor is used to produce good X, X, >0, to extract material, ¥, >0, to treat consumption waste,

E] <0, and to landfill that waste (after treatment), C,>0.

Waste treatment as modeled in (4) allows for various interpretations. The waste under con-
sideration may be hazardous and hence requires special treatment to reduce or avoid its eco-
toxidity; it may cause leakages if landfilled without prior treatment or it is incinerated before

being landfilled. Regardirig the waste treatment technology (4), it appears plausible to assume
that E/is a convex function satisfying E’ (Eej, q!, 0) =0, but E’ (O, g, w! ) >0 for w'>0.
The positive signs of the derivatives E] and E} indicate that both materials embodied in

consumption waste may cause the emission of a pollutant (the same one, in fact). More spe-

cifically, if E/ =0 but E; >0, both tybe;s of material are identical with respect to the emis-

sion of pollutants implying that emissions are a function of output only for any given labor

input £, . On the other hand, if E"'(EZJ., q}i, wj’) takes the form E’ (ZZ ,q! w;’) , then pollution

is caused exclusively by the (explicitly modeled) material, while the other type of material is

environmentally neutral. But note that other functional forms are quite plausible, too. For ex-

‘ample, if E’ (f‘f‘, g, w;’) = E’(Z‘f.,q;’ -w}’,q}’) with E! <0, then the (explicitly modeled)

g ¢l

? The ambitious goal in solid waste management of requiring environmentally safe (inert) waste deposition in the

future would amount to the constraint E’ (f: , q;_', w;') =0 forall j € J, in terms of our model.



material is still the only pollutant, but its ‘neutralization’ is the easier, the greater is its concen-
tration in total waste. The specification E’ of E’ will turn out to be of considerable interest

in the subsequent analysis.

The material content of good X as defined in (6) is an attribute of the (private) cénsumption
good X. éx is produced along with the quantity of good X without being itself an argument of
. the producti:)n function (2) in addition to £7 and m? . In fact, this feature distinguishes our
approach to product design significantly from other theoretical contn'butibns we are aware of
as e.g. Fullerton and Wu (1998). In abstract economic terms, material content is a good which
is costly to produce and which affects the productivity of waste treatment (and/or recycling).

. Moreover, empirical observations suggest that consumers may dislike the material content due |
to its environmentally detrimental effects (green preferences) or value it as a favorable con-
sumptionb characteristic of good X. Such features could be easily added to the present model,
but we refrain from this extra complexity to keep a clear focus on supply-side determinants of

the material flows.

The equations (9) identify material content as a public good in the usual well-defined theo-
retical sense of this concept. But to avoid incorrect associations a careful interpretation of this
public good is in order. Material content is not a public good in the sense that if some person |
owns good X with material content g then this attribute g is jointly consumable by other per-
sons. The proper way to look at it is rather prescribed by (9): all sequential owners of good X
or of spent good X ‘have no choice but accepting the very same material content that resulted
from the design and production of good X in the first place. Once good X with attribute ¢ has
been produced no subsequent owner of that good or its residual can be excluded from or reject

the attribute g. All these rather obvious observations are reflected by the equality signs in (9).?

In (1) - (10) the superscripts s and d indicate quantities demanded and supplied, respec-
tively, and this scheme is consistently applied to all economic variables. While the ineqﬁali—
ties (8) are conventional (neoclassical) resource restrictions requiring that demand does not

exceed supply, the constraints in (7) enforce the reverse inequalities formalizing the legal

? Our interpretation of the 'public good' material content implies a sequence of transaction which is not formally
reflected in the static model (1) - (10). But adding an explicit time structure , e.g. along the lines of Dinan (1993),
would not change the principal argument. Sequential transactions and static analysis is easily reconciled by inter-
preting the attainable allocations of the present model as stationary states in which all flows of good X, material,

waste etc. are the same period after period.
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~ constraint that free disposal (e. g. moonlight dumping) is effectively and costlessiy ruled out.
The rationale of this feature of the model is given below. It is quite unusual to apply the de-
mand and supply scheme to the public gobds ‘mateﬁal confent-’ and ‘emissions’ as well. 'Ithe
reason for adopting this somewhat clumsy procedure is to make explicit the property rights

structures that may play a role in the capacity of markets to allocate these goods.

- To be more specific, observe first that the way in which the demands for and supplies of

material content are specified in the economy (1) - (10) implies a certain institutional pattern

of transactions: firm X offers (x’, qfc) to the consumers whose demand is (xf, q,‘,i) ,all heH;
the households, in turn, supply their consumption residuals (w,‘,, q; ) ,all heH, to the waste

treatment firms whose demand for these residuals is (w}’, qf) all j eJ; the waste treatment
firms, finally, supply the consumption waste after treatment, f;', to the landfilling firm whose

demand is ¢ . The arrangements of property rights underlying these trade flows are called the
households property rights rule (the HP rule, for short). Uncier this scheme, consumers ac-
quire the quantity, x“, as their property when purchasing good X for consumption - implying
that.they are also responsibie for the proper disposal of all residuals left over after consump-
tion. Hence they are responsible for having their consumption waste orderly collected and

- landfilled.

An alternative property rights arrangement would be that consumers only acquire the right
to consume when they buy good X in the market place while the physical units of gdod X and
the consumption waste remain the property of firm X. In this case, firm X is responsible for
the proper, legally prescribed disposal of the residuals. We refer to this scheme as the produc-
ers property rights rule (the PP rule, for short), also known as the take-back rule*. The model
(1) - (10) is completely converted to reflect the PP rule when the equaﬁons (7) and (9), re-

spectively, are replaced by

f s Z, Fea Tn2 wj’ all jeJ and Z; wj.’. > x* mandatory residuals processing (7°)

v

g = q;’ all jet material content of good X 9"

“In principlé, the PP rule has been adopted in the recent German packaging waste legislation. For more details
see e.g. Holm-Miiller (1997). '



In the subsequent investigation our main focus will be on the HP rule. But we will also re-

. port on the relevant results under the PP rule.
The efficient allocation of the economy (1) - (10) is characterized by solving the La-

grangean

- Sy f tsf) 2 ()] 2J1(6) > ]u(z -Xm)+
+ AT, -3, 0 -CUH -6 -]+ T Ae; - B/ (¢4, ), w)| + T, Hu(wi i)+
+/1;(x" =35 ) + (v -m? )+ Y X (S -w;’)+Zh,1':(e§'—zje;)‘+zf(fd —ijj‘)f

w3 [alar - )+ Zlar -2)] + lq(qi ) >, A (a - a) o

where a;, eR,, ,all heH.

Following the standard procedure we suppose that the functions U” are quasi-concave, X

and V are concave, and E’ and C are convex functions. As a consequence all Lagrange con-

straints in (11), i.e. the bracketed terms following the Lagrange multipliers, are concave
except for (g} —m”/x*). We want to show that there is an modified Lagrangean, equivalent
to (11), for which the Kuhn-Tucker conditions are necessary and sufficient for a solution to
exist. For this purpose we replace qf (all j) by m? / x* and ignore the last four Lagrange 'coﬁ-

straints in (11). The resultant Lagrangean, say (11°), exhibits a solution provided that for all j
a'

the function £’ defined by E’([ej,m X’y W )2 —E’(L’ej,

this requirement can be fulfilled when the function E’ is convex consider the parametric

function E’(Zq, qj w‘,’)=(qjd-)”(wf)b(€‘e’})° and assign the function E’ by writing
B 2 W) = ) ) = B m s wi). Tis easy to see that

both functions E’ and E’ as specified above are convex if a>1, b>1, ¢<0,

a>1-b-c>0.Hence there are convex functions E’ for which a solution to (11) exists.
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Table I: Efﬁcienéy and various concepts of markets in the economy (1) - (10) under the HP rule (notation: u, :=4,/4, etc.; (g = 1)



~In case of an interior solution all Lagrange multipliers can be shown to be positive’. To see
the meaning of this observation with respect to (7), consider the problem of soiving (11) with
“all inequalities in (7) reversed. The pertinent solution would imply /¢ = f; =w? = w; =0 all
heH,all jeJ, unless the associated Lagrange multipliers were equal to zero (which is an
irrelevant case). This result has a straightforward interpretation: the constraints with reversed
inequalities “implicitly provide costless disposal options that are strictly superior to costly
waste treatment (4) and landfilling, (5). Hence the (6ptimal) demand for these services is zero,
and the supply is not positive unless the shadow price of residuals is zero. These unwarranted -
and unrealistic free;disposal options are avoided by reversing the inequality signs, i.e. by
imposing (7), which denies to the agents to supply less negatively valued goods (‘bads’) than
were generated or demand less of these goods than were supplied®. Hence (7) not only implies
mandatory collection, treatment and deposition of al/ consumption waste, it also assumes that

this legal requirement is met without any compliance problems and/or enforcement costs’.

Solving (11) yields the marginal conditions listed in the first column of table I, where letters

with an asterix denote variables at their efficient values. These conditions contain the

following information:
Proposition 18 (Properties of the efficient allocation):

(i) The efficient allocation of the economy (1) - (10) is characterized by

U’ 1 :

Zhl_/?_—__E—éj, (all jeJ) (12)
. . |

Z.—q.z—x A, where A:= Xm—£ >0 (13)
‘L Ef X, - ¥,

h ® 53 :
oE i fealu (all heH, all jeJ) (14)
U.g XE Xf E!

3 This restriction excludes the case e>0 (see footnote 2). Note, however, that one can show that A'L >0, all h,

independent of whether e> 0 or e = 0.

8 Since the greater signs in (7) imply infeasible allocations we clearly have to ensure the equality signs to hold
when an efficient or a market eqilibrium allocation is under consideration. In such an allocation all supply
constraints (8) must also hold as equalities, but for a different reason: commodities cannot be freely disposed of.

’ We realize, of course, that this is a strong and unrealistic assumption (Hecht 1991, Jenkins 1993, Morris and
Holthausen 1994, Fullerton and Kinnaman 1995). Yet, as argued in the introduction, it appears to be useful to
investigate the principal issues of market allocation before the policy options are investigated; for policy
implications see Eichner and Pethig (1999b). ' ,

¥ The proof of proposition 1 is available from the authors upon request.
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IfE’(lq,qj,w) EV(€, qf-w!) for all jeJ, then

: |
ELASE B, 5 (all heH) (14)
Ug X( : :

(ii) The efficient allocation is the same under the households property rights rule and the

producers property rights rule.

(iii) Suppose the production function X is linear homogenous, the function V is linear and

assume E; >0, all j eJ. It then follows that the efficient material content is smaller than it

would be if all E’ were independent of g; .

(iv) The Lagrange multipliers solving (11) have the following properties:

o ; : U’
There is a matrix [[i2,] satisfying Y pn, =E}Y Ui’ (all j eJ) such that
4

h "’J
ﬁ=ﬁ=z _ (all heH, all jeJ) (15)

*

R w,

]fEf(Zq,qj,w )= E’(Zej, qj wf)for all jelJ, then

Z},/uqu ﬂw_:uf =,u_:;. (all _] EJ) ] (16)

*
0 | q X

Otherwise (16) does not hold, in general.

Observe that equation (12) represents the well-known summation rule for the efficient
allocation of a public good (here: pollution), where the LHS indicates the total marginal
environmental damage and the RHS the marginal waste treatment costs. Similarly, equation
(13) is the summation rule for the public good 'material content'. The LHS is the aggregate
marginal damage (in terms of labor) from a smali increase in g, while the RHS represents the -
associated: rharginal cost, a 'distortion' of the production process. Since A4>0 implies

X, V, > X,, the distortion consists of the (positive) wedge between the indirect marginal labor
productivity, X, V;, and the direct one, X,. XV, is the marginal productivity of labor with

respect to good X, when labor is employed in material extraction and when that material is

used to produce good X.
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Equation (14) governs the optimal allocation éf good X. It requires each consumer"s
marginal willingness-to-pay for good X in terms of labor, — (U’ /U"), to équal the sum of
marginal production cost (i—q'A)/ X,, the marginal environmental damage, - (E;/E}),
and marginal landfilling cost, C, . If it is only (the explicitly modeled) material that causes
polluﬁ_on (E' = E7 for all j eJ) the allocation rule for good X takes the special form (14"

. which is the same ‘optimization rule as in case of no pollution at all (i. e. in case of
E’ (fg.,qf, wj') =0 for all non- negative E‘;,qj.',and w}i ,all jeJ). The rationale of this
result being that if good X is not involved at all in the environmental externality, because the
externality is earmarked to material, then its efficient allocation must be ruled by the same

marginal condition as in case of the absence of any externality.

The insight that neither property rights regime places a binding constraint on the set of
attainable allocations does not coﬁle as a surprise. In fact, such an equivalence result is
obvious in the light of Coasean economics for all conceivable property rights regimes so long
as property rights are exclusive and costlessly enforced. Institutions do not matter in such a
world without transaction costs. The empirically important point is, of course, whether the
property-rights regimes under scrutiny differ with respect to some procedural costs or
information costs. A thorough discussion of this issue is beyond the scope of the present
paper, however. But nonetheless we find it useful to show in the next section how the property

rights regime is translated into a specific pattern of markets.
Proposition liii tells us that if material content matters in waste treatment ( £, >0), then

the efficient material content is smaller than in cﬁse of E] =0. Note that E] =0forall jeJ,
or A = 0 is not equivalent to the absence of an environmental externality. When combined
with E/ >0 it rather implies that bdth types of material have an identical impact on the
emission of pollutants. If this is not the case, that is, if - as assumed here - (the explicitly
| modeled) material is particularly harmful or hazardous (E; >0 and E;>0), improving
efficiency requires to diminish g, to reduce the material intensity, (m/£, ), of producing good
X and to increase the marginal rate of technical substitution, (— Xm‘/ X,), in absolute value

which, in turn, increases 4 for any given value of V.
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Proposition liv is somewhat technical in nature. It spells out some properties of the
efficient Lagrange multipliers for convenience of later reference. These properties will turn

“ out to have far reaching economic implications for the existence of efficient competitive

equilibria in sections 3.2 and 3.3.

3. Markets for consumption waste treatment and landfilling

In: thls section we discuss various market concepts and their potential to decentralize the
efficient allocation by prices. In the model (1) - (10) markets have to cope With two different
public goods: pollution and material content. Since we wish to focus our attention on the
latter, the allocation of emissidns is assumed to be perfectly guided by Liﬁdahl prices in all
market procedures under investigation. Thus any (remaining) market failure is immediately
identified as a failure of attaining the efficient material content. The basic issue will be
whether the prqducers of gdod X, in designing their product, have appropriate regard for the
impacts of material content in the post-consumption phase of the product’s life. If the
producer of good X does not receive any price signallc':oncerning the material content, she only
reacts to the given prices of labor, good X and material. As a consequence, her production

plan satisfies 4= X, —X,/V, =0 which implies an excessive material content in view of
(13), Zj E/>0 and the proof of proposition liii. Hence the principal question is how

effective market forces are in driving the material content down towards its efficient level.

3.1 Lindahl markets for material content

Since pollution suffered by consumers as well as the material content of good X are public
goods, the concept of perfectly competitive markets for private goods must be appropriately
extended to include public goods. In an idealized way this is done by introducing Lindahl
markets with ‘personalized prices’ for the public goods (Fd_ley 1970; Roberts 1974). Even
though such artificial markets clearly do not emerge in the real world, the competitive
equilibrium with Lindahl markets for material content and pollution (to be specified below)
serves as an important bénchmark helping to better understand how markets (or tax-éubsidy

'schemes) direct the material flow in the absence of those Lindahl markets.
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To be more specific, consider the pricé vectors’
Pp = Pes oo P> Pus Py (PL)s Pes Pes ()| and pfp 2= [Py (2l ), (2]

for the PP rule and the HP rule, respectively, and define:

Prices p}, [prices pp,, respectively] and the allocation resulting from solving [1] - [5] in
the appendi;c for ppp [from solving [3] - ,[7] for pj,] constitute a competitive equilibrium
with Lindahl markets for material content and pollution, if all constraints in (7) - (10) hold
as equalities. - | '

The existence of such a competitive equilibrium with Lindahl markets obviously

presupposes the existence of solutions to [1] - [7] in the appendix. Eichner and Péthig (1999a)

show that a solution to [1] may fail to exist even if the function X is concave, but they also
provide conditions under which [1] - [7] can be solved'®. ‘

In case of the HP rule, there is a Lindahl market for pollution and there are two Lindahl
markets for the material content of good X, one of them between firm X and the consumers
and the other one between the consumers and the waste treatment firms. Firm X sells g; to the

households along with good X and the households resell the material content to the waste

firms along with the consumption residuals. Since consumers have no preferences over g, they

are indifferent with respect to its size so long as the prices, (P:x), at which consumers

purchase the material content equal the sales prices, ( p:w). This equality is, in fact, a

necessary equilibrium condition, and, if it holds, the consumers' role regarding ¢ is simply that
of newrral intermediators between the producer's and the waste treatment firms' diverging

evaluations of the material content.

The solution to the equations [1] - [5] (appendix) is summarized in the second column of

table 1. In case of the PP rule, the associated marginal conditions are the same as those in

® For convenience of notation, we denote by ( p") the price vector ( p: 4 Tty pf, oy p:' ) etc.
' Eichner and Pethig (1999a) also demonstrate that similar existence issues emerge - and can be overcome by
some classes of functions - in the context of the market concepts discussed in sections 3.2 and 3.3 below. In the
present paper the Lagrangeans [1] - [15] in the appendix are assumed to have a solution in the relevant domain

of prices.-
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column 2 (for the HP rule) with the modification that the equations'! (I.2.2), (14.2) - (1.6.2),
respectively, are replaced by' d (U ot U :’ ) =P (ﬁx * B~ Pat / x')X =

BB 3" =(Po+ By~ P [%") Ko a0d = 3 B

Proposition 2 (Eﬁicient Liﬁdahl markets):

(i) Under t.l;e households properiy rights rule, set p,=1, p;=u. p, N pm, Do =—H,,
Py=—tys p=—ply PI=D PV =gl Pp=2,Pn =D Pa="Hy Pp= —Zhuﬁ’w

and p;'; = p;'; == ,uzx. Then all markets clear and the pertinent allqcation is Pareto efficient.

(ii) Under the producers property rights rule, ignore the prices p;'x and p"]’w altogether,
replace p. by P, = p.- p,,, and set all other prices as in proposition 2i. Then all markets

clear and the pertinent allocation is Pareto efficient.

Observe that consumptibn Waste is negatively priced (p, <0and p; <0), and the market-
clearing prices of pollution and material content are negative, too. With costless
implementation of (7) the negative equilibrium prices for consumption waste do not come as a
~ surprise in proposition 1. Usually, negative prices for consumption waste are called charges or
fees. But the market connotation appears to be appropriate in the present context, since it has
been demonstrated that a negative equilibrium price does emerge in competitive markets

provided that the legal interdiction of ‘free disposal’ is effectively and costlessly enforced.

To see how the allocation of material content is driven by prices, consider the limiting

case”” E . =0,all jeJ. Thenall prices of g are zero and firm X chooses q - as in textbooks -

by optimally adjusting to.given factor and output prices. However, since with E{{ >0, all

. j €J . the waste treatment firms prefef a lower value of g, firm X has to pay for selling the
material content while the (final) demanders of g, the waste treatment firms, incur ‘negative
costs’ from purchasing the input g. It does not follow, however, that the waste treatment firms
are interested in buying arbitrarily large amounts of g, since raisiﬁg g increases their

negatively priced output, e;. Similarly, firm X is not interested in reducing g to arbitrarily

' Reference to an equation in a table is made by (a.b.c), where ais the table, b is the row, and c is the cblumh.
'f Equation (1.3.2) has no equivalent under the PP rule.
" This specification of the functions £ implies that both types of material exert the same detrimental effects on

the environment, if landfilled.
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small amounts (to avoid negative revenues from selling it) because the reduction in g distorts

production and hence is costly.

Propositioﬂ 2 also establishes the equivalence (and hence the irrelevance) of the property
rights regimes for the Lindahl market solution. Under the HP rule the consumers adopt the
- role of intermediators with respect to the trade of material content and consumption waste:
they buy both goods from firm X (at negative prices) and resell them to the waste treatment
firms. In case of the PP rule, the price. p, already accounts for the costs of processing the
consurhpﬁon waste whereas under the HP rule consumers pay for these services themselves

after having consumed good X. Clearly, p, is the price for the right to consume good X

(leasing price) and p, = P, + p,, is the price to acquire the property when purchasing good X.

3.2 Indirect markets for material content

Acknowledging that Lindahl markets for material content cannot be expected to emerge in the
real world does not mean that agents are not able to somehow account for the material content
of the consumption good and its residuals in their optimization caléulus. Following the
procedure suggested by Fullerton and Wu (1998) we now investigate a market model where
agents actively express a demand for or a supply of material content - just as in the Lindahl
"economy of the previous section. But the personalized Lindahl prices for material content are
replaced by the agents‘ indirect valuation of material content and/or of consumption waste
through the prices of these commodities. Hence the concept of indirect markets exploits the
fact that the material content is an 'intrinsic' attribute of good X and of consumption waste
which are both marketed. It utilizes this complementarity for restoring efficiency in the
absence of Lindahl markets by reflecting the negative value of increasing material content in

the price for good X and in the price for consumption waste.

In their optimization calculus the agents are assumed to be aware that changes in material
content have an impact on the price of consumption waste, p, , and on the commodity price,
p. - In other words, they perceive of these prices as being a function of the material content, g,

and take the functional relationship into consideration in their consumption .or production

decisions. Heuristically speaking, the Walrasian auctioneer now announces prices

Phpi= (26> s 15 (PL) 2o PX@), P"(9)
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under the HP rule'®, where P* and P* are price functions taken as given by all agents. In
other words, we have p,=P*(q) for g=g; org =g’ and p, = P¥(q) for g=gqj or

-G = q}i .With this concept of price functions the pertaining equilibrium definition is:

Prices pj, and the allocation resulting from solving [4], [5] and [8] - [10] in the
appendix A-constitute a competitive equilibrium with indirect marketsfor material content,

ifall constraints in (7) - (10) hold as equalities.
Proposition 3 (Competitive equilibrium with indirect markets for material content):
Consider the price vector pfly consisting of the prices p;, py, Pms ( p:"), and p, from

proposition 2i and of the price functions P* and P satisfying p.=P*(¢")=u,,

b ) h i
* Wk, % wk o * Z‘u" Z/uj X%, _* Hox H
Py=P"(@")=—f,, B =-"L"=-=2 and PF(g")=-"E=--L.
W, w; X, x

With this price vector pjp an efficient competitive equilibrium with indirect markets for

material content is attained

- ifeithér #J/=1and #H =1 -

-orif E'(£S,q,w))= E’(L’ej, gl -wi) for all jel.

Otherwise, the efficient allocation cannot be irﬁplemented as a competitive equilibrium with
indirect markets fof material content, in general.

To verify proposition 3 we compare the second and the third column in table I to find that a
competitive equilibrium with indirect markets for material content implements the Pareto effi-

cient allocation, characterized by the marginal conditions of the second column, if and only if

h l[,"fu ~ by
Hy o _ z . z”'qu (all heH, all jeJ) : (17)
X : ‘ w, 1

, J
In view of (I.3.1) and (1.6.1) the equality signs in (17) hbld, if #/=1 and #H = 1. But they

do not hold, in general, if #J> 1, #H> 1 and if for some j € J the function E’ does not take

' The subsequent analysis is restricted to the HP rule, because the extension to the PP rule is done exactly as
shown in section 3.1. We keep listing the agents’ optimization problems in appendix A for both types of property
rights rules so that the corresponding results for the PP rule can be easily established.
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the form E’ = E/. Proposition 1iv also shows that if E/ = E/ for all j eJ, then (17) is sat-

isfied.
The remarkable message of proposition 3 is that the number of waste treatment firms mat-
ters. Since in the real world there are probably no economies with one waste treatment firm

only (this assumption is usually made for heuristic reasons only), the market solution with

indirect markets for material content fails to be efficient whenever E’ # E’ for some j eJ.

What the waste treatment technologies are like, is, of course, an empirical issue. But we men-
tioned in section 2 that Ef(éfj, g9, wf) = E’(f;, g -wi, q}’) with E;]’ <0 does not appear an
implausible specification. Hence the market scheme with indirect markets for material content

is hardly capable to implement an efficient allocation'.

It is an appealing idea that the value of an attribute is reflected in the price of the commod-
ity to which that attribute belongs to. The value of the attribute appears, in fact, as a mark-up
to the commodity price. That mark-up must not be constant, and all agents involved in trading
that commodity are required to express a demand or a supply for that attribute in addition to
their demand or supply for the commodity. One and the same market price must equate de-
mand and supply on the markets for two ‘goods’. The conditions under which such a market
concept works is an empirical issue that cannot be settled here. Ist functioning is likely to de-
pend on the specificities of the waste under consideration and on institutional arrangements

and their associated transaction costs.

3.3 Markets for embodied material

Suppose now. the value of material content is neither reflected in Lindahl markets nor cap-
tured in indirect markets for material content, but the value of ¢ is common knowledge. It is,
literall.\':shcaking‘ printed on each unit of good X (and is still readable when good X has been
turned into consumption waste). In that case no agent other than the producer of good X is
capable of optimizing with respect to the level of material cohtent of good X. Since all agents
but firm A" take the level of materiai content as exogenously given, they exhibit a Nash-like

l behavior of optimally responding to the 'prevailing' level of g.

BIf E'# E' forsome jeJ, #H>1and #J> 1, it is an open question whether an equilibrium exists. The

usual fixed point theorems cannot accommodate for the price functions which form a constitutive component of
the concept of competitive equilibrium with indirect markets for material content. -
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In the absence 61’ direct or indirect markets for material content it is conceivable that mar-
kets for embodied material emerge, where for any given material content, g, the material em-
bodied in the quantity x of gdod X or in the quantity w of cbnsumption waste is, respectively,
b=gxorb= gw. More specifically, when the agents trade the quantities x°, x¢, w; and wi,
the pertinent embodied material is

bi:=q-x°, b :=q-x;, b, :=q-w, and b :=q-wj',

respectively. All this embodied material is supposed to be traded at a uniform price

Under the HP rule the prices pB :=[P€’ Dos Pins Diws pf,(p:’ ), D.» pb] and the allocation

resulting from solving [4], [ 5] and [12] - [14] in the appendix constitute a competitive equi-
librium with markets for embodied material, if all constraints (7), (8) and (10) hold as

equalities.
Proposition 4 (Competitive equilibrium with markets for embodied material):
(i) The competitive equilibrium with markets for embodied material is inefficient.

(ii) The competitive equilibrium with markets for embodied material is inefficient, in general,

if there are no markets for consumption waste (p,, =0).

(iii) Consider the pricé vector php deﬁnedv by the prices p,=1, p, = ‘0, P = Homs
Br=—tys By=—mnla's Bo=3, Bl =—ul, (B!)=(-!). and p,=p,+mu,. With this
price vector prp an efficient competitive :equilibriz'zm with indirect markets for material con-
tent is attained, if there are no markets for consumption waste (p,, =0), if the functions E’
satisfy E'(£4, g%, w')y=E’ (4, q¢-w') for all jeJ andif C(f*)=0 forall f*>0.
Solving [4], [S] and [12] - [14] in thevappendix yields column 4 in table I. There is no way

to link the p's from column 4 with the 4's from column 1 such that all equations pairwise

coincide. This is still true when we set p,, =0 in column 4 of table I unless the functions £’
take the form E’ forall j e J and unless C(f“)=0 forall f¢ >0 (which implies p,=0).

To see this observe that with p,'=0 the prices P, as specified in proposition 4iii satisfy

(17). Hence the proof is completed along the lines proposition 3 had been proved.
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Propositions 4 establishes that markets for embodied material are efficient only if a number
of qualifications are met that appear to be more restrictive than those needed to secure effi- A

ciency of indirect markets for material content (proposition 3). In both cases a basic efficiency

condition of the equilibrium allocation is that the emissions are caused by q}’ and wf through

the product g% -w? only, ie. that the functions E’ take the form E’ for all jeJ (see
propositions 3 and 4iii)'®. This technological restriction somewhat limits the scope of both

market scenarios.

The fact that the market for negatively priced embodied material ( p, <0) is required to
substitute rather than to complement the markets for negatively priced consumption waste
(p, < O) is not restrictive in itself. But thé consequence is that markets cannot handle the total
waste to be landfilled anymore which causes inefﬁciency results unless landfilling is costless
(C(f%)=0 forall f*>0). However, the empirical evidence shows that landfilling costs
may be significant even for waste material that is not environmentally harmful which leads us
to conclude (from proposition 3) that markets for embodied material can hardly be expected to
be efficient. |

Recall finally that both schemes differ considerably in their behavioral assumptions regard-
ing the material content: while the indirect market approach considers material content as an
action Qariable for all agents involved, the concept of markets for embodied material assumes

that no agent except firm X optimizes over material content. In that respect the markets for

embodied material appear to be more realistic as indirect markets for material content.

3.4 Markets for consumption waste (only)

We maintain the assumption from the previous section that firm X determines q.=¢
which. in turn. all other agents take as given. But we now proceed to study an economy where
neither markets for material content nor markets for embodied material are active. There are,
however. markets for consumption waste - unlike in propositions 4ii and 4iii (section 3.3), but
like in the sections 3.1 and 3.2. A competitive equilibrium of the pertinent economy is charac-

terized by the marginal conditions of column 4 in table I when p, is set equal to zero. It is

' In contrast to the markets for embodied material the indirect markets for material content also work well in
case of a single waste treatment firm and a single household. This difference is intriguing, but it is of no practical

significance, in our view.
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~easy to see that the resultant conditions do not coincide with those in the first column of table
I. Hence the missing markets for material content or embodied material render the equilibrium

allocation inefficient - even though the Lindahl market for pollution is still active by assu_mp-
tion. .
In what follows we aim at answering the question sow the market allocation deviates from

the efficient one. This is not an easy undertaking, because the pertinent partial derivatives of
the functions U”, X,V,C, and E’ in column 2 and in (the modified) column 4 of table I are
taken at different values of their respective arguments. Yet we are able to infer from the rows

4, 5 and 8 of the columns 2 and 4 that
XMyM = XM and XV > X], | (18)
where the superscript M refers to the market allocation of (the modified) column 4 and the

asterix to ‘the efficient one in column 2. When the assumptions on technology are made

slightly more restrictive we use (18) to show

Proposition 5 (Inefficiencies, when markets for material content and embodied material are

absent):
Consider the following simplifying assumptions:
(a) the technology for material extraction is linear: V(£,)=V-£,;
(b) the production function for good X is linear homogeneous;
(c) the utility functions U" are such that the price elasticity of demand for good X is not
positive in its relevant domain;. |

(d) there is no waste treatment and no landfilling cost: E] =0 for all ff; 20 and all

1eJ and C, =0 forall £5 >0,

If the conditions (a) - (d) hold, the competitive equilibrium without markets for material con-
tent and without markets for embodied material is characterized by an inefficiently high ma-

terial content and an excessive use of material in the production of good X.

To see that the material content is too high, recall from the proof of proposition 1iii that for

X linear homogeneous and ¥ linear it follows that £* > k" and ¢* >g". Since, by defini-
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tion, m™ :=qMx™ and m’:=q'x" we conclude that x* <x* is sufficient for m" >m".

To show that x* <x* holds, we first make use of g =m/x and m= ¢, /k to turn 1/q = F(k)
into '

= F(k) 2, sy : (19)
i & ' ,
Sinée k is constant under either regime (k=" or k = k™), (19) means that, essentially, good

X is produced with labor only according to a fixed-coefficient technology. Moreover, labor

has no other use than purchasing good X (E/ =0 for all £,;20) so that (19) can be consid-

ered as an individual consumer's budget line (after having replaced £, by ¢;, in (19)). Labor is‘

more productive in the market economy than in the efficient allocation, because

F(kM)/ kM > F(k*)/ k* . It follows that x* <x™ , unless X is a Giffen good.

The obvious méssage of proposition 5 is that in a competitive economy where neither mar-
kets for material content nor those for embodied material exist the throughput of environmen-
tally detrimental material is excessive. This conclusioﬁ is derived under a few simplifying
assumptions to avoid tedious calculations, but our co‘njecture is that the result is fairly robust
under less restrictive conditions. It is important to understand that the use of material is not
excessive here because emission: control is inadequate - as in conventional environmental
management analysis. In fact, in the present model consumption waste is negatively priced
and a Lindahl market for pollution does exists which would take perfect care of the externality -
in models where product design does not matter. Hence the inefficiency revealed in proposi-
tion 5 stems from inadequate product design: firm X simply chooses the product design (i.e.
the material content) in an effort to minimize (input) costs without paying attention to the

post-consumption impact of this design.

‘Recall that in the market models studied in sections 3.3 and 3.4 the material content was
assumed to be exogenous to all agents other than firm X In such a setting the waste treatment
firms respond to exogenous changes in the material content they process. In fact, it is easy to
derive a money measure of how they value an exogenous change in material content'’. But the

values derived in this way do not provide a foundation for the price functions employed in

'” The far more complex case of measuring the value to consumers of an incremental change in the supply of a
public good that is (weakly) complementary to a private marketed consumption good has received considerable
attention in the literature. See Méler (1971), Bradford and Hildebrandt (1977) and Willig (1978).
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section 3.2, because these price functions must hold for all agents on both sides of the market.

Moreover, in the market procedure of section 3.2 the waste treatment firms take the price

function P‘”(q}’) as given and actively express a demand for material content, q;.' ,all jed.

4. Concluding remarks

The preceding analysis reexamined the issue of allocating a natural resource (called mate-
rial) that is first extracted, then used for producing a consumption good, and that may cause
environmental damage when it is finally landfilled. Waste treatment is considered, in addition,

as an option to reduce the impact of waste material on pollution.

The distinctive feature of our theoretical approach is thét the material is modeled as being
embodied in the output of a consumption good thus constituting an important aspect of (green)
product design. The material content per unit of output is the decisive economic variable, a
public good (!), which cannot be efficiently allocated unless the marginal willingness-to-pay
of both the producers who design the product and the waste treatment firms (here as custodi-
ans of cohsumers preferences) are adequately reflected in the allocation procedure. The central
message of the paper is that even though efficient Lindahl markets are assumed to be
‘installed* to control pollution, the efficient level of materiai content is unlikely to be broﬁght
about by market forces. We found that efficiency can be achieved under some fairly restricfive
technological conditions and depending on which types of markets emerge. Promising candi-
dates for an efficient market scheme turned out to be markets for embodied material as well as
indirect markets for material content. But even if such markets should be found to be active in
the real world which is an open question, in our view, efficiency is not achieved unless the

waste treatment technologies exhibit specific properties which we do not regard as plausible.

To keép complexity tractable the present paper refrained from considering recycling which
is, of course, an emirically important activity to reduce both environmental damage and the
net material consumption. In a similar way as in case of waste treatment the productivity of re-
cycling is likely to depend on the material content of consumptidn waste used as recycling
input. To reach efficiency in an economy with waste treatment and recycling, market prices
would have to ‘coordinate’ the ‘diverging demands’ on product design of the producers of the

consumption good, the recycling firms and the waste treatment firms. Dispensing with the dis-
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aggrégafe approach (of the present paper) for analytical relief, ‘Eichner and Pethig (1999b)

elaborate on that hybrid model.

Our theéretical analysis raises thé important and challenging question what the empirical -
relevance is of the various market schemes studied above. Most likely, the market procedures'
emerging in the real world depend on the specificities of the solid waste problem at hand. Un-
fortunately, we are not aware of empirical invéstigations along' the lines of oui theoretical
framework that would provide clear-cut evidence about which markets and which optimizing
individual behavior can be expected to emerge in the real world. But, as mentioned in the in-
" troduction, it is clearly important to know which types of markets can be expecfed in any
given‘ product-related solid waste allocation problem, because that info_rmation would be
needed to design the appropriate institutional arrangement for solid waste management which

should be one that improves allocative efficiency where markets fail, but that does not inter-

vene where markets operate réasonably well.

To the extend that markets fail, corrective environmental and resource management is
called for. In the present paper we refrained frdrn jumping to policy conclusions as is done in
much of the related literature. We focused our attention, instead, on the capacity of markets to
bring about allocative efficiency which is not to say that our theoretical framework does not
lend itself well to study policy issues. These are, in fact, dealt with by Eichner and Pethig
(1999b) in a systematic way. An obvious link to the policy dimension - but only one out of
several - to be mentioned here in passing are those markets in the above analysis whose equi-
librium prices are negative. These are likely candidates for market failure in which case gov-
ernment might want to intervene simpiy by substituting the (non-existing) rmarket prices by
taxes or subsidies. This straightforward procedure is not always practical and/or incentive
compatible, however, so that one should also investigate less obvious efﬁcienéy restoring tax-

- subsidy schemes whose rationale depends, among other things, on which types of markets are

_active.
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Appéndix
Al: Econ;)my (1)-@10) with Lindahl markets 'for material content
=0 (el £, %8) 47, Pl + Dhudi + Puwi + 7 pxE —plal - Plef]+
+7,(Wi= %) +7,(a; — ) o | [1]
I¥ = px* + gl — pitl - p + B X (88, m*) = x| +B, (a1 -/ x°) 2]

I = pee} + ] = Pely — P} ~ Pt + Pole)~ V(€. 45w |+ Ba( 77 ) )

}id =p,,vS—Peff+,5v[V(ff)st] ' ‘ [4]
F=-p,f%-p,C(f9) | o
ZH=Uh(e:’£;,x:)+yb[pe,€;+1-_pxx"l1_p:’e;1] ) [6]

~

I¥ = px" + P’ + pw — Pt — pym + B[ X(22,m*) — x°]

+:Bq(q::_md/xs)-*-ﬂwx(ws_xs) ' [7]

In[1] 7 are lumpsum transfers of profit shares to the households. The notation in [1] and in
all other Lagrangeans listed here strictly follows the usual convention that revenues or in-
comes are received from sales (price times quantity sold) and costs or expenditures are in-
curred from purchases (price times quantity bought) independent of whether the associated
prices are positive or negative. The equatidns [1] - [5] refer to the market economy under the

HP rule and the equations [3] - [7] refer to the market economy under the PP rule.

A2: Economy (1) - (10) with indirect markets for material content
L' =U"(ef 4 %3 )+ 7o peth + 7+ P*(aw; + 7= P*(f )xi - plef |+ 7, (wi - x))
7,04 ~43) | 8]

1:"'=Px(qi)xx—pf€i—pmmd+ﬂx[X(ff’md)’;‘"]+/’q(Q§""“d/x‘) - B

L' = pe; +p S = ply = P(a) W + By = E/(t.q) ) )|+ Bal(fy -w))  [10]
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I*=px*+ P‘"(q:)w’ -pt-pm® +ﬂx[X(£j,md)— x‘]

+8,(q5 —m" 1 x°)+ B (w* - x°) | . | [11]
T'he equations [4], [5] and [8] - [10] refer to the market economy under the HP rule and the

equations [4] - [6], [10] and [11] refer to the market economy under the PP rule.
A3: Economy (1) - (10) with markets for gmbodied material
" = UM (e, 65, %)+, [ poly + T+ pwi + DB, + 7= poxi — Dby - Plef ]+

by = 58) 47 a5 )+ (B — ) [12]
¥ = p.x* +p,b - p Ll - p,m’ +B;[X(£f, m")—x’] +,Bq(q —md/x‘) +ﬂb(b,f —qxs) [13]
¥ = peej +pjfj’ —ptéz —pwwf —pbbj'.i +ﬁej[ej - Ej(ffj, g wf)] +,Bb(bj‘.1 —qwf)

Bulr ) | " 4
I = p x* + p,w' + p,b} — p L — p,m® +ﬂx[X(£f, md)— x”] +ﬂq(q —m”/x“')

+8, (b —qx*) + . (w* —x°) . | [15]

AThe equations [4], [5] and [12] - [14] refer to the market economy under the HP rule and
the equations [4] - [6], [14] and [15] refer to the market economy under the PP rule.

B: Proof of proposition 1

Equation (12) is straightforward from the equations18 (I.1.1); (I.10.1) and (1.12.1). To derive

equation (13) we first sum (I.11.1) over j. Then we substitute 4 by (1.10.1) and use (1.3.1)

and (1.6.1) to replace ZJ Zh‘ugv by 4, . Hence we obtain Z,-(E; /E{)=—-u,, and there-

*

fore it remains only to show thatx" 4/ X, = 4, . From (1.4.1) we know that x, = Xi - 'uqi] ,
. . ¢ X

'8 Reference to equations in a table is made by (a.b.c), where a is the table, b is the row, and c is the column.
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and the equations (I.4.1) and (I.5.1) yield —fi = —’u—’f’+ —1— Under consideration of equa-
' : XX X, X

m m 2

tion (I.8.-1) thisAequation can be rearranged to read

PR O EE o T ) i b [16]
A B R R | |

In view of [16], 4 > 0 is impliéd by u, >0. To establish equation (14) we substitute x, and

u,, in (12.1). Cleatly, u, =—E}/E{ +C, follows from (I.7.1), (1.9.1), (1.10.1).

As shown above, u, = A yq? . With x, from [16] the equation (14) follows after some
e X ;

rearrangement of terms.
By definition of E/ we obtain E; = Ejw’ and E. = E/q’, where Ej := 9E713(¢"w").

Inserting A from (13) into (14) and using the partial derivatives of E’ leads to

—F = 4 e V=W |—==X +C s ? 17
U:: X, xl:Z,(Eij J) E/ S [ ]
From (1.10.1) we know E/ = E, for all j and (1.9.1) together with (.12.1) ensures E/ = E,
for all j. Then factoring out EI and F?b_ on the RHS of [17] and checking that ZJ W, = x

establishes equation (14").

- The above arguments referred to the Lagrangean (11) and the associated FOCs in column 1

of table I, hence to the HP rule. The Lagrangean associafed to the PP rule is obtained from

(11) as follows: the terms Zh l’;(w,f —x,‘f), and Zh[/lh (q,: —q,‘,’) + A’;X(q,‘,’ —q;)] are deleted

and the terms /’L“,(ZJ w;’ - Zh w,‘,) and Zh Z, l'zw (qj —q,‘f) are replaced by /’LW(ZJ wf - x")
and Z, A s (q‘,’ - q_‘:) , respectively. As a consequence, column 1 of table I is then modified as
follows: (I.3.1) as well as x, in (1.2.1) is deleted; (x, +,uqq‘ /x") in (I4.1) and (1.5.1) is
replaced by (u, +u,q" /1x"—u,); Z;, ,uZ{V is replaced by 7, in (1.11.1) apd Zh yzx by
Z, 4y, in (1.6.1). The prbof of the efficient allocation properties of the PP rule then follows

along the lines of the HP rule proof.
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.To show. propositien liii, observe that in view of (13) the term A attains the value
A=A°:=X’-X; 1V} =0 for ZJE; =0 and the term A=A’ := X2 - X; IV, >0 for
Zj E; > 0. Since proposition liii presupposes that the function X is linear homogenous and
the function V is linear we clearly have ¥, =V, and there is a function F, strictly concave
and increasing, such that /g = F(k) where k~:= £y m. Moreever, X,=F, ie strictly de-
creasing and X, is strictly increasing in k& Hence it follows from 4° < 4" that X < X, and
X, < X;. Therefore k* > k° and ¢° >q".

We now proceed to prove propositioﬁ liv. Observe first that in the solution to (11) the
h x j multipliers ,usz are underdetermined, since the first-order conditions of the first column
in table I constrain these multipliers by j equations only. To exploit this underdetermination

(for later use) define the /4 x j matrix [/1 '] by its generic element ,u v = c;’{; -x;, such that

the coefﬁc1ents cqw satisfy

>l =ci=ts , (all heH) [18]
— ;
Uh
and Y, cl x,,—c—E’Zh (all jeJ) [19]

Uy
The j equations [19] see to it that | ,&f’,—’w] satisfies Zh /}:{v =E] Z;. UL" ,

¢

tional equations [18] do not overdetermine the Lagrange multipliers [1:’“ because for any
h>2 and j=>2 it is true that % x j, the total number of variables, is not smaller than
h +]', the total number of equations in [18] and [19]. It is straightforward that [18] implies

Z [ =cx; for all j eJ. Hence (15) follows from (1.3.1) and w, =x, . Combining (1.9.1)

qw

and (I.11.1) leads to

EJ

N R | [20]

The partial derivatives of E’ imply EJIE)=w;/ q" which yields immediately the first

equality of (16) when combined with [20]. Now we rewrite the first equality of (16) as
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#f Z [/ and take the sum over all j to obtain .. —.'uf Z, Z Z 1,
q

"I'his equation clearly yields the second equality sign in (16) when we account for
h
ij =x" and 3 Zh,uj =

‘To show that (16) does not hold, in general, when E % E’, consider the class of functions
E’ specified by E’(Eej,qj ,qj) We define E] :=JE’ /é’(q/ W, ?)" and obtain the de—

rivatives E} = E/ -w} + E] and E} = E} .g" which turn [21] into

5 o - (=m0 + BB X ey (mms)E
el q° w' q wq E}

J J

The last equation deviates from (16) whenever E; #0 even if the functions £’ are the same

for all jeJ.O



Liste der seit 1992 erschienenen VolkswiﬂSchaﬂlich_en Diskussionsbeitrige - :
Diese Liste sowie Zusammenfassungen aller Beitrdge sind auch online unter http://www.uni-siegen.de/dept/fb0S/vwiiv/sonstig.htm

verfagbar. Von den in der nachfolgenden Liste mit einem Stemn (*) markierten Beitréigen ist dort die volisténdige Version herunterladbar.
Anfragen nach Diskussionsbeitrégen sind direkt an die Autoren zu richten, in Ausnahmeféllen an Prof. Dr. R. Pethig, Universitit - GH

Siegen, 57078 Siegen.

List of Economics Discussion Papers released as of 1992

This list as well as abstracts of all Discussion Papers are also available online under http://mwww.uni-siegen.de/dept/fb0S/vwiiv/sonstig.htm.
All Discussion Papers marked by an asterisk (*) in the list below can be downloaded from that web side. Discussion Papers can be only
ordered from the authors directly, in exceptional cases from Prof. Dr. R. Pethig, University of Siegen, D- 57078 Siegen, Germany.

28-92 Jiirgen Ehlgen, Lésen des stochastischen Wachstumsmodells durch Parameterisieren der Entscheidungsfﬁnktién
29-92 Alfred W. Marusev und Andreas Pfingsten, Zur arbitragefreien Fortrechnung von Zinsstruktur-Kurven ‘

30-92 Jiirgen Ehlgen, Maﬁhias Schlemper, Klaus Scholer, Die Anwendung branchenspezifischer Konjunkturindikatoren
31-92 Klaus Schdéler, Zum strategischen Einsatz rdumlicher Preistechniker) .

32-92 Giinter Knieps and Riidiger Pethig, Uncertainty, Capacity Costs and Competition in the Electric Powgr Industry
33-92 Walter Buhr, Regional Economic Growth by Policy-Induced Capital Flows: I. Theoretical Approach

34-92 Walter Buhr, Regiénal Economic Growth by Policy-Induced Capital Flows: II. Policy Simulation Restilts

35-92 Andreas Pfingstén and Reiner Wolff, Endowment Changes in Economic Equilibrium: The Dutch Disease Revisited
36-92 Klaus Schéler, Preiselastische Nachfrage und strategische Preisreaktionen in einem rﬁqmlichen Wettbewerbsmarkt
37-92 Rudiger Pethig, Ecological Dynarﬁics and the Valuation of Environmental Change |

38-93 Reiner Wolff, Saddle-Point Dynamics in Non-Autonomous Models of Multi-Sector Growth with Variable Returmns to Scale
38-93 Reiner Wolff, Strategien der Investitionspolitik in einer Region: Der Fall des Wachstums mit konstanter Sektorstruktur
40-93 - Axel A. Weber, Monetary Policy in Europe: Towards a European Cehtral Bank and One European Currency

41-93 Axel A. Weber, Exchange Rétes, Target Zones and International Trade: The Importance of the Policy Making Framework
42-93 Klaus Scholer und Matthias Schlemper, Oligopolistisches Marktverhalten der Banken

43-93 Andreas Pfingsten and Reiner Wolff, Specific Input in Competitive Equilibria with Decr’easfng Returns to Scale
44-93 Andreas Pfingsten and Reiner Wolff, Adverse Rybczynski Effects Generated from Scale Diseconomies

45-93 Riidiger Pethig, TV-Monopoly, Advertising and Program Quality

46-83 Axel A. Weber, Testing Long-Run Neutrality: Empirical Evidence for G7-Countries with Special Emphasis on éen’nany
47-94 Rudiger Pethig, Efficient Management of Water Quality

48-94 Klaus Fiedler, Naturwissenschaftliche Grundlagen nattrlicher Selbstreinigungsprozesse in Wasserressoturcen

49-94 Riidiger Pethig, Noncooperative National Environmental Policies and International Capital Mobility

50-94 Klaus Fiedler, The Conditions for Ecological Sustainable Development in the Context of a Double-Limited Selfpurification Model
of an Aggregate Water Recourse

5185 Gerhard Brinkmann, Die Verwendung des Euler-Theoréms zum Beweis des Adding-up-Theorems impliziert' einen Wider-
spruch

52-95 Gerhard Brinkmann, Uber éffentliche Giter und tiber Giiter, um deren Gebrauch man nicht rivalisieren kanﬁ
53-85 . Marlies Klemisch-Ahlert, Ihtemational Environmental Negotiations with Compensation or Redistrit_:ution

54-95 Walter Buhr and Josef Wagner, Line Integrals In Applied Welfare Economics: A Summary Of Basic Theorems
55-85 Ruiidiger Pethig, Information als Wirtschaftsgut

56-95 Marlies Klemisch-Ahlert, An Experimental Study on Bargaining Behavior in Economic and Ethical Environments

57-96 Riidiger Pethig, Ecological Tax Reform and Efficiency of Taxation: A Public Good Perspective



7599
7699
7799
7899
7999
80-99
81-99

82-99

2

Daniel Weinbrénner, Zur Realisierung einer doppelten Dividende einer 8kologischen Steuerreform

- Andreas Wagener, Corporate Finance,_ Capital Market Equilibrium, and International Tax Competition with Capital Income Taxes

Daniel Weinbrenner, A Comment on the Impact of the Initiél Tax Mix on the Dividends of an Environmental Tax Reform

" Rudiger Pethig, Emission Tax Revenues in a Growing Economy

" Andreas Wagener, Pay-aé-you—go Pension Systems és Incomplete Social Contracts

Andreas Wagener, Strafégic Business Taxation when Finance and Pdrtfdlib Decisions are Endogenous

Thomas Steger, Productive Consumption and Growth in Developing Countries

Marco Runkel, Alternative Allokationsmechanismen fir ein Rundfunkprogramm bei endogener Programmqualitit

' Juigen Ehigen, A bomparison of Solution Methods for Real Business Cycle Models

Peter Seethaler, Zum EinfluR von Deviséntenningeschéften auf das Marktgleichgewicht bei asymmetrischer Infon'n-ation
Thomas Christiaans, A Note on Public Goods: Non-Exc‘ludabiIity Implies Joint Consumability

Michael Gail, Stylized Facts and International Business Cycles - The German Case

Thomas Eichner, The state as social insﬁrer: labour supply and investments in human capital

Thomas Steger, Aggregate Economic Growth with Subsistence Consumption

Andreas Wagener, Implementing Equal Living Conditions in a Federation

Thomas Eichner and Riidiger Pethig, Product Deéign and Markets for Recycling, Waste Treatment and Dispésal
Peter Seethaler, Zum EinfluR des Hedging auf das Kreditvergébeverharten der Banken

Thomas Christiaans, Regional Competition for the Location of New Facilities

Thomas Eichner and RUdfger Pethig, Product Design and Efficient Management of Recycling and Waste Treatment
Ridiger Pethig, On the Future of Environmental Economics

Marco Runkel, Product Durability, Solid Waste Management, and Market Structure

Hagen Bobzin, Dualities in the Functional Representations of a Production Tecvhnology

Hagen Bobzin, Behandlung von Totzeitsystel;nen in der Okonomik '

Marco Runkel, Firsi-Best and Second-Best Regulation of Solid Waste under Imperfect Competition in a Durable Good Industry

Marco Runkel, A Note on ‘Emissions Taxation in Durable Goods Oligopoly’





