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Abstract
This paper examines how a regulatory authority might ideally promote the formation of “conservation clubs” among households in order to initiate and empower voluntary household-level water and energy conservation eﬀorts.
We characterize a socially optimal conservation benchmark and derive the conditions necessary for a club to eﬀectively attain this benchmark on behalf of the wider community. Both theoretical and numerical analyses are used
to demonstrate ways in which households choose to become club members and are subsequently empowered to
undertake conservation eﬀorts. The avenues through which club membership might empower households include
(1) information provision/education that is assumed to alter key parameters of the household’s welfare function,
thereby inducing the household to build a stronger “conservation ethic,” and (2) bulk-pricing arrangements that
reduce the prices of applicable conservation technologies. Our results highlight key relationships between the
regulator and households, as well as between the club and the marketplace, that should be measured empirically
before eﬀorts are made to establish conservation clubs in practice.
Keywords: conservation, club, conservation ethic, bulk-pricing
1. Introduction
If the eﬀects of government-initiated price and non-price changes on voluntary household conservation eﬀorts
have revealed anything at all during the past four decades, it would be the absence of a proverbial silver bullet
(Note 1). For instance, water conservation studies generally find that public education campaigns result in small,
temporary reductions in demand (Billing and Day, 1989; Nieswiadomy, 1992; Baumann et al., 1998; USEPA,
1998; Wang et al., 1999; Renwick and Green, 2000; Howarth and Butler, 2004) (Note 2). Household metering
(e.g., use of “smart meters” that enable households to conveniently monitor their real-time water usage) can have a
significant, albeit temporary, negative impact on outdoor watering demand. However, the eﬀect on indoor demand
is significantly less (Linaweaver et al., 1966 and Maddaus, 2001) (Note 3). And although retrofitting indoor and
outdoor appliances and technologies has the ability to significantly reduce water consumption on a household-byhousehold basis (Mayer et al., 2000, 2003, and 2004; Mohadjer and Rice, 2004; Turner et al., 2004), few studies
have been able to quantify the eﬀects of subsidy/rebate programs in spurring their adoption by households (Note
4). Estimates of price elasticity, which generally reveal outdoor and indoor household demand to be price inelastic
and lacking in persistence, are similarly hindered by a paucity of studies based on price ranges wide enough to
reflect the true potential of pricing policies to induce conservation eﬀort (Note 5). In concert with this empirical
evidence, water utilities have, as Pint (1999) points out, “traditionally been reluctant to use price to allocate water
supplies, even in periods of drought,.....[relying instead] on preachment and exhortation to induce conservation,
and if necessary, mandatory quantity and use restrictions.”
As a result of water utility inertia and the absence of any silver bullet for local governments, the need for novel
approaches to motivate voluntary household-level water and energy conservation is readily apparent. This paper
explores one such approach – the formation of conservation clubs. By “conservation clubs” we have in mind the
type of club originally envisioned by Olson (1965), where an (inclusive) group of agents exploits economies of
scale and shares in the production and consumption of a public good without restrictions on membership size.
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In our case, the club produces the public good not only for its members, but also for the community at large (Note
6).
A club of this kind might evolve according to the following (admittedly ideal) scenario. A coordinator (whose
salary and program budget are initially government-funded) recruits households into the club according to a predetermined fee schedule (e.g., a fixed annual fee). Fee revenues then fund the coordinator’s continuing salary and
program budget. Member households gain access to information/education and reduced prices for more eﬃcient
appliances and technologies (Note 7). The eﬀect of information/education amplifies through social networks that
form among club members (Note 8). The club’s bulk-pricing arrangements initiate a ‘virtuous cycle’ in retail markets, whereby the club’s bulk orders ultimately encourage local merchants to “rotate” the more eﬃcient appliances
and technologies into their standing inventories, thus increasing their availability to the general public as well. In
essence, the club approach to conservation targets households with stronger predispositions toward conservation
(these types of households would presumably be more likely to self-select into the club) and thus with higher
probabilities of implementing more pronounced conservation measures than what might be attainable through traditional government-sponsored programs, e.g., through blanket public awareness campaigns and rebate programs
(Note 9). A simple schematic of how a conservation club evolves is depicted in Figure 1.

Figure 1. Evolution of a conservation club.

In this paper we focus attention on two overriding issues of club formation and function: (1) how households
determine whether to join the club, and (2) conditions that must be satisfied in order for the club to eﬀectively
attain a socially eﬃcient level of aggregate conservation eﬀort on behalf of the wider community of households
(Note 10). Toward these ends, we lay out in Section 2 a basic theory of conservation clubs, beginning with a
description of the household and the establishment of a Pareto-eﬃcient benchmark. The conditions necessary for
a club to attain this benchmark on behalf of the wider community are also derived. Section 3 then numerically
solves a simple version of the theoretical model in order to better understand – in a qualitative sense – the extent
of the changes necessary (both in terms of price reductions and the eﬀects of information provision/education) for
club members to achieve the socially optimal conservation level. Section 4 summarizes the paper’s main findings,
discusses its limitations, and oﬀers avenues for future research.
2. A Simple Theory of Conservation Clubs
2.1 The Basic Model
Assume household i, i = 1, ...N, chooses numeraire good xi and a flow of conservation yi (through its “conservation
eﬀort” level) to maximize continuous, strictly quasi-concave household utility function ui (xi , yi ; αi , βi , γi , θ) subject
to budget constraint xi + pi yi ≤ mi , where parameter αi ensures ∂ui /∂xi > 0 and ∂2 ui /∂xi2 < 0, and parameter
βi ensures ∂ui /∂yi ≥ 0 and ∂2 ui /∂y2i ≤ 0 (Note 11). Parameter θ represents the regulator-announced expected
capacity gap, or probability of a community-wide water shortage during a given period, or season (with γi ensuring
∂ui /∂θ < 0) (Note 12). For the purposes of this model, we therefore assume θ is the water-shortage equivalent of
a common weather report. Households believe the report is as accurate as possible given society’s current state
of knowledge, and therefore have no incentive to derive their own subjective probability distributions over the
capacity gap. Parameter pi is the household-specific, per-unit net price of yi , and mi is household i’s (fixed) level
of wealth (Note 13, 14).
For simplicity, we assume yi is a composite conservation flow with a single corresponding net price, pi . In reality,
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yi is a vector of separate flows resulting from diﬀerent goods and eﬀort levels. For example, the respective flows
of water savings derived from the installation of water-eﬃcient appliances and technologies, each with their own
associated household-specific, per-unit net price premiums, results in one set of conservation flows. The price
premium (imputed to pi ) represents the increment paid for the water-eﬃcient appliance/technology above the price
of its alternative conventional appliance/technology, net of any pro-rated cost savings associated with the wateruse savings induced by use of the water-eﬃcient appliance/technology. Manual and intellectual eﬀort spent by
the household conserving water through researching and installing a conservation good (which, by itself, could
aﬀect utility either positively or negatively) represents another type of flow (in this case obtained through the
consumption of time), with the household’s opportunity wage acting as the corresponding household-specific price
(again imputed to pi ). For ease of exposition, and without loss of generality for the purpose at hand, we condense
these separate flows into a single, composite flow and assume that increases in this flow do not decrease household
utility. We similarly condense the corresponding net prices associated with each of the conservation flows into a
single household-specific price variable and assume its net value is positive for each household.
As a result of the previously mentioned curvature conditions on ui , the first-order conditions for household i’s
utility maximization problem can be written as (Note 15),
∂ui
∂yi
∂ui
∂xi

≤ pi ,

i = 1, ..., N

mi = xi + pi yi ,

i = 1, ..., N

(1)

(2)

where conditions (1) hold with equality(inequality) for yi > 0(yi = 0), i = 1, ..., N. Conditions (1) are standard
Kuhn-Tucker tangency conditions, where xi > 0 and yi ≥ 0 are chosen such that (private) marginal rate of substitution does not exceed the price ratio. Further, conditions (1) and (2) can be solved simultaneously to obtain demand
functions xi∗ = xi (θ, pi , mi , αi , βi , γi ) and y∗i = yi (θ, pi , mi , αi , βi , γi ). For future reference we denote household i’s
indirect utility function as ui (xi∗ , y∗i ; θ) = vi (θ, pi , mi , αi , βi , γi ), which, once inverted with respect to mi , results in
expenditure function ei (θ, pi , αi , βi , γi , v0i ), where v0i is a reference utility level (usually taken to be the status quo
level). The household’s compensating-variation (or willingess-to-pay) function for club membership is then defined as WT Pi = mi − ei (θ′ , p′i , αi , βi , γi , v0i ), where θ′ and p′i are new parameter values the household attains – and
is willing to pay for – through club membership (Note 16). Standard comparative static eﬀects generally hold for
WT Pi , i.e., ∂WT Pi /∂θ ≤ 0, and ∂WT Pi /∂pi ≤ 0. Lastly, letting F represent the fixed membership fee, household
i chooses to join the conservation club as long as (Note 17).
WT Pi ≥ F,

i = 1, ..., N.

(3)

In other words, the household joins the club as long as the total value gained through membership is no less than
the cost of joining (Note 18).
2.2 A Pareto Eﬃcient Benchmark
A Pareto eﬃcient benchmark can be determined as the solution (for i = 1, ..., N) to a benevolent social planner’s
problem (Note 19),
N
∑

max
xi ,yi

N
∑
ui (xi , yi , θ( yi ); αi , βi , γi )

i=1
N
∑

subject to

i=1
N
∑
mi ≥
(xi + pi yi )

i=1

i=1

which results in the first-order conditions
∂ui
∂yi

+

∑N

∂u j ∂θ
j=1 ( ∂θ ∂yi )
∂ui
∂xi

≤ pi ,
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(5)

i=1

The key diﬀerence between the individual-households’ and social planner’s problems – aside from the aggregation
of household utilities and budget constraints occurring in the latter problem – is an explicit recognition by the social
planner that θ is a function of the community’s aggregate conservation flow rather than an exogenous parameter. As
a result, conditions (4) incorporate the value (aggregated over all households) of an additional unit of conservation
flow in terms of how it reduces the community’s capacity gap (i.e., the positive externality associated with an
increase in a given household’s conservation flow), unlike conditions (1) (Note 20). This value, represented by the
∑
∂u ∂θ
∗∗
∗
∗∗
∗
i
left-hand-side term Nj=1 ( ∂θj ∂y
)/ ∂u
∂xi > 0 in (4), leads to the following results: xi ≤ xi and yi ≥ yi for i = 1, ..., N,
i
∗∗
∗
and θ ≤ θ for given pi , where the ∗∗ superscript denotes solution values for the social planner’s problem (Note
21). In other words, absent a mechanism that induces households to internalize the positive external eﬀects of
their respective conservation eﬀorts (and assuming household preferences are such that the social planner chooses
yi > 0 for at least one household) the community generally conserves too little and thus faces too high an expected
capacity gap.
A traditional (Pigouvian) mechanism for this problem would be a set of household-specific subsidies for each
∑
∂u ∂θ
i
household in the community that reduce the prices of yi (i.e., the pi , i = 1, ..., N) by the amounts Nj=1 ( ∂θj ∂y
)/ ∂u
∂xi ,
i
i, j = 1, ..., N, where variables xi , yi , and θ are evaluated at their respective ∗∗ values. Another Pigouvian mechanism
could be a set of taxes, t xi , on corresponding numeraire goods xi , i = 1, ..., N which can be shown to satisfy
∑N ∂u j ∂θ
j=1 ( ∂θ ∂yi )
t xi =
i, j = 1, ..., N
∂u
i

∂yi

where again the variables xi , yi , and θ are evaluated at their respective ∗∗ values. It should be noted that these
household-specific subsidy and tax mechanisms, which obtain not only θ∗∗ , but also xi∗∗ and y∗∗
i for i = 1, ..., N,
suﬀer from the requirement that the regulator know individual household preferences. Also, depending upon the
number of households in the community and their respective marginal values of reducing the expected capacity
gap, the tax and subsidy rates could be excessively large in practice, resulting in either untenable tax burdens for
households or subsidy burdens for the government, respectively. As pointed out by Pal and Saha (2014), however,
a joint tax-subsidy scheme can conceivably be implemented that balances the government’s budget (Note 22).
The possibility of these potential tax and subsidy burdens also provide some justification for our exploration of new
approaches to what we now recognize as an externality problem in the context of the resource-conservation decision. As we demonstrate in Section 2.3, given adequate enough responses by club members (i.e., increases in their
conservation eﬀort) to the information/education and price subsidies “delivered” through membership, establishment of a conservation club can, under certain circumstances, result in the Pareto-eﬃcient expected capacity gap
(i.e., θ∗∗ ) without the need for household-specific taxes or subsidies. Doing so, however, requires that the club coordinator know how the member’s conservation eﬀort levels and membership size respond to these “deliverables,”
including how membership size responds to fee level. Similar to the Pigouvian tax and subsidy mechanisms, this
knowledge in turn requires information about the preferences of member and (marginal) non-member households.
2.3 Conservation Clubs
Incorporating clubs into the framework developed above requires some additional definitions and assumptions that
are consistent with the curvature conditions on ui , i = 1, ..., N, presented in Section 2.1. To begin, let Er represent
the eﬀort level undertaken by the club’s coordinator to recruit new members, and Em represent the coordinator’s
eﬀort to educate and inform members as well as to achieve reductions in the members’ respective pi values, e.g.,
through bulk-pricing arrangements with retailers of eﬃcient appliances and technologies (where the m subscript
on Em is meant to remind the reader of the coordinator’s eﬀort to motivate conservation among club members,
and the r subscript denotes the coordinator’s eﬀort to recruit new members). To account for the eﬀects of the
coordinator’s eﬀort to intensively educate and inform members (thereby leading the members to develop their
respective “conservation ethics”), we assume that, by virtue of joining the club, (1) members’ utility parameters
αi , βi , and γi become functions of Em , and (2) members learn the respective values of their own ∂θ/∂yi < 0 (rather
than the full external eﬀect associated with the choice of yi , as in the social planner’s problem) (Note 23).
With respect to the first assumption, we assume that ∂αi /∂Em < 0 (members derive lower utility value from a given
amount of xi as Em increases), ∂βi /∂Em > 0 (members derive greater utility value from a given amount of yi as Em
115

enrr.ccsenet.org

Environment and Natural Resources Research

Vol. 7, No. 2; 2017

increases), and ∂γi /∂Em < 0 (members derive lower (negative) utility value from a given expected capacity gap
θ as Em increases). In other words, an increase in Em is capable of strengthening a club member’s conservation
ethic by altering the household’s utility parameters, and, with respect to the second assumption, by building its
awareness of the eﬀect its conservation eﬀort has on the community’s expected capacity gap. Similarly, to account
for the coordinator’s ability to achieve bulk-pricing arrangements for members we assume ∂pi /∂Em < 0 for all
members i.
Membership size is represented by n(Er , F). If we classify all households in the community according to their
willingness to pay for club membership (i.e., according to their WT Pi derived in Section 2.1) and then rank them
in descending order, n(Er , F) can also be interpreted as the marginal household, where WT Pn(Er ,F) = F (for a large
enough community of households). In other words, for given Er and F, households 1 to n(Er , F) join the club and
households n(Er , F) + 1 to N do not. Appealing to conditions (3), we see that, all else equal, ∂n/∂F < 0 (i.e., a
higher fixed fee reduces the number of members). Further, ∂n/∂Er > 0, since ∂n/∂Er ≤ 0 implies budget imbalance
in the coordinator’s problem (discussed in more detail below). In this case, revenue from the membership fee would
be non-increasing in coordinator eﬀort, while corresponding costs would be increasing.
For future reference, we assume household preferences are such that ∂2 n/∂Er 2 < 0 (i.e., diminishing returns to
coordinator eﬀort), ∂2 n/∂F 2 < 0 (increasing costs associated with increases in the membership fee – in terms of
reductions in membership size), and
∂2 n ∂n
∂2 n ∂n
−
+
2
−
∂Er ∂F ∂Er
∂Er 2 ∂F

∂2 n ∂n 2
( )
∂F 2 ∂Er
∂n
∂F

< 0.

This last condition ensures concavity of the “membership isoquant” (discussed in more detail below) (Note 24).
The coordinator’s problem can therefore be written as,
min

Er ,Em ,F

subject to

C(Er , Em ) + A
θ(Y) = θ∗∗
C(Er , Em ) + A = n(Er , F)F

where C(Er , Em ) represents total variable cost associated with the coordinator’s recruitment and motivation eﬀort
∑ r ,F) ∗
levels (C(·) is assumed increasing and convex in Er and Em ), A represents total fixed cost, and Y = n(E
yi (Em )+
i=1
∑N
∗
i=n(Er ,F)+1 yi . The first constraint acknowledges that the coordinator’s goal in choosing E r , E m , and F is to obtain
the socially eﬃcient capacity gap. The second constraint is budget balance (Note 25).
∑ r ,F) ∗
yi (Em ) accounts for the fact that the optimized conservation demands of households
The yi ∗ (Em ) term in n(E
i=1
included in the club (i.e., households i = 1, ..., n(Er , F)) are now each functions of Em ; functions which in turn
are known (or learned) by the coordinator (Note 26). For example, by knowing/learning the ∂αi /∂Em , ∂βi /∂Em ,
∂γi /∂Em , and ∂pi /∂Em terms mentioned above for i = 1, ..., n(Er , F), and by then solving member i’s decision
problem presented in Section 2.1, the coordinator is able to determine the yi ∗ (Em ) functions for households i =
∑N
1, ..., n(Er , F). The yi ∗ terms in i=n(E
y ∗ are not directly functions of Em because these households (i =
r ,F)+1 i
n(Er , F) + 1, ..., N) do not become club members, and thus the coordinator must take their conservation flows as
given.
By having to take non-member conservation flows as given, the coordinator is unable to use any of its policy
variables (Er , Em , and F) to directly control for potential free-riding behavior among non-member households
in response to member-household conservation eﬀort (i.e., control for “external free-riding”). The coordinator is,
however, potentially able to internalize the incentives for free-riding among club members in response to nonmember-household conservation eﬀort (i.e., control for “internal free riding”) through the choice of Em . External
and internal free-riding will generally occur as the capacity gap falls in response to the club members’ increased
conservation eﬀorts (Note 27). However, to the extent that the external free-riding eﬀect is small enough in aggregate relative to the club members’ collective response to the coordinator’s Em , scope will exist for the club’s
increased conservation eﬀort to oﬀset the consequences of external free-ridership in the course of the club’s eﬀorts
to move the community toward the socially eﬃcient capacity gap.
For example, in the event that household utility functions, ui (·), are additively separable in θ, the incentive for
external free-riding in general will not be present due to the maintained assumption that non-member households
take θ as given in their decision problems (Note 28). Further, to the extent that non-member households experience
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some warm glow eﬀect from their private conservation eﬀorts (i.e., ∂ui /∂yi > 0 for some or all of i = n(Er , F) +
1, ..., N), their incentive to free ride is at least partially oﬀset by the decrease in utility they would experience as they
reduce their conservation eﬀorts (Note 29). To the extent that the club is unable to oﬀset external free-ridership,
an additional mechanism designed solely for non-members – for instance a targeted version of a tax or subsidy, as
derived in Section 2.2 – would therefore need to be implemented jointly with the formation of the club.
The first-order optimality conditions for the club equilibrium (i.e., for the optimal choices of Er , Em , and F,
respectively) are (Note 30),
(1 + λ)

∂n
∂C
∂θ ∂n
F−λ
+µ
(yn(Er ,F) − yn(Er ,F)+1 ) = 0
∂Er
∂Er
∂Y ∂Er

−λ

(1 + λ)(

n(Er ,F)
∂θ ∑
∂yi ∗
∂C
+µ
=0
∂Em
∂Y i=1 ∂Em

∂n
∂θ ∂n
F + n(Er , F)) + µ
(yn(Er ,F) − yn(Er ,F)+1 ) = 0
∂F
∂Y ∂F

(6)

(7)

(8)

where (1 + λ) > 0 is the Lagrangian∗ multiplier on the club’s budget-balance constraint, µ < 0 is the multiplier on
∂yi
the capacity-gap constraint, and ∂E
, i = 1, ..., n(Er , F), represent the respective partial eﬀects of Em on yi ∗ , i =
m
1, ..., n(Er , F) (Note 31). The first and third terms in condition (6) represent the marginal benefits associated with an
incremental increase in the coordinator’s recruitment eﬀort, Er . The first term is the marginal benefit of additional
club revenue associated with the increase in club size (normalized by λ). The third term is the (social) marginal
benefit of the incremental increase in conservation flow associated with an increase in club size (normalized by µ).
The second term in condition (6) is the marginal cost of additional coordinator recruitment eﬀort (also normalized
by λ). The first and second terms in condition (8), which correspond to the first and third terms in condition (8),
respectively, have equivalent interpretations with respect to the coordinator’s choice of the membership fee F (Note
32). Similarly, the first and second terms in (7) represent the corresponding marginal cost and benefit, respectively,
associated with the coordinator’s choice of Em .
These optimality conditions, along with the two constraints from the coordinator’s problem, determine optimal (i.e.,
cost-minimizing) levels
of coordinator eﬀort, Er c and Em c , an optimal membership fee, F c , optimal conservation
∂yi ∗
c
∗
flows yi = yi + ∂Em for all club members i = 1, ..., n(Er c , F c ), and, ultimately, an optimal expected capacity gap,
θc = θ∗∗ . Er c and F c in turn determine optimal club size, nc = n(Er c , F c ). Note that although the coordinator
cannot directly choose non-member conservation flows yi (for households i = n(Er c , F c ) + 1, ..., N) in this problem,
at an interior solution the coordinator nevertheless meets the capacity-gap constraint for the given set of yi , i =
n(Er c , F c ) + 1, ..., N.
With this notation in hand, we can formally state the necessary and suﬃcient condition for club-member conservation eﬀort to obtain the socially eﬃcient capacity gap in the face of potential free ridership,
nc
N
nc
N
∑
∑
∂yi ∗ ∑ ∂θ ∂yi ∗ ∑ ∗∗
∂yi ∗
(yi − yi ∗ )
−
=
∗ ∂E
∂E
∂θ
∂y
m
i
m
c
i=n +1
i=1
i=1
i=1

(9)

∑N
∂yi ∗ ∑nc ∂θ ∂yi ∗
c
where i=n
c +1
i=1 ∂yi ∗ ∂Em > 0 implies external free-riding in the aggregate. We note that yi in this con∂θ
c
text results directly from Em for club members i = 1, ..., n , and indirectly through Em for non-members i =
nc + 1, ..., N, where “indirectly” in this case means the eﬀect on θ brought about by changes in club-members’
yi ∗ in response
to Em . Condition (9) states that, for the case of potential external free-riding in the aggregate (i.e.,
∑N
∂yi ∗ ∑nc ∂θ ∂yi ∗
c
i=1 ∂yi ∗ ∂Em > 0), the total change in conservation flow among club members net of aggregate external
i=n +1 ∂θ
free-riding must equal the diﬀerence between the socially eﬃcient and competitive-equilibria aggregate conservation flows (reference Section 2.1 for the characterizations of these two equilibria). A technical appendix addresses
the related issues of existence, uniqueness, and local stability of the model’s conservation-club equilibrium.
Focusing now on the relationship between club size and the membership fee, we can combine conditions (6) and
(8), resulting in,
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∂C

=

λ
∂Er
.
1 + λ n(Er , F)

(10)

The left-hand side of (10) represents the coordinator’s marginal benefit (measured in dollars per unit of coordinator
recruitment eﬀort) resulting from a (net) increase in membership size, while the right-hand side represents the
marginal cost of coordinator recruitment eﬀort (per club member). These results are depicted in Figure 2.

Figure 2. Determination of optimal club size in a club equilibrium

In Figure 2, the curve labeled n(Er , F) = nc represents diﬀerent combinations of Er and F that result in membership
level nc , i.e. the curve is eﬀectively a membership isoquant. Note that membership isoquants located further to the
southeast are defined over larger membership sizes. The isoquants are upward-sloping and concave as a result of
the previously mentioned curvature conditions on n(Er , F). The curve labeled (λ/(1 + λ))(C(·)/n(·)) represents the
shadow-value-adjusted total cost of coordinator eﬀort (normalized by club size) for a given level of Em (Note 33).
The curve’s upward-sloping, convex shape is a consequence of the previously mentioned curvature conditions on
C(·) and n(·). The tangency between the two curves is therefore a graphical representation of the coordinator’s
optimal mix of eﬀort and fee levels, i.e., equation (10).
From Figure 2 we see that, all else equal, a lower variable cost associated with coordinator recruitment eﬀort (e.g.,
due to a lower marginal cost) results in a larger nc . Similarly, in communities where recruitment into the club
is more (positively) responsive to coordinator eﬀort and less (negatively) responsive to the membership fee, the
family of membership isoquants will be more steeply sloped, implying that the tangency between the two curves
will occur at a higher level of coordinator recruitment eﬀort. This, in turn, implies that the tangent isoquant is
defined over a larger nc .
We note how these results would change in the event that the condition ∂n/∂Er > 0 does not hold, i.e., ∂n/∂Er ≤ 0
instead. In this case, the n(Er , F) = nc curve’s slope would be non-positive and the cost-minimizing tangency
would occur at the origin, where F = Er = 0 and thus nc = 0, i.e., non-existence of the club. This makes sense
intuitively, since under these conditions the club’s budget would never balance at any level other than Er = 0.
Assuming a club equilibrium indeed exists, these types of issues – in particular, membership-size responsiveness
to Er and F – are important to consider when determining whether a conservation club has the potential, in a
practical sense, to achieve the socially optimal expected water-shortage probability on behalf of the wider community. Perhaps more importantly is the question, to what extent must a club induce a conservation ethic among its
membership (through the information/education eﬀect) and/or deliver economies of scale (through the bulk-pricing
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eﬀect) before an equilibrium exists where club members indeed attain the socially optimal level of conservation
on behalf of the wider community? Further, how sensitive are these respective ‘extents’ to community size, in particular with respect to the club’s size relative to the community’s total population? To help answer these questions,
we now turn to a numerical analysis of the problem.
3. A Numerical Model of Conservation Clubs
Without loss of generality, we initially assume our community is comprised of ten households, each with CobbDouglas preferences (Note 34),
ui = xiαi yβi i θ−γi
and U =

∑10
i=1

i = 1, ..., 10

ui . Further, the community’s capacity gap is defined as,
10ϕ
θ = ∑10
( i=1 yi )

with constant ϕ > 0. As described in Section 2.3, households are classified along a continuum such that household
1 favors conservation the most among all households in the community (as embodied by the values of its utility
parameters α1 , β1 , and γ1 relative to the other households), and household 10 favors conservation the least. Specific
values for these and all other relevant parameters in the model are provided in Table 1 (Note 35). Note that for
simplicity we assume a common pi = p across all households.
Table 1. Parameter values for simulations of initial equilibrium and Pareto eﬃcient outcome.
Parameters

Values

{α1 , ..., α10 }

{0.52,0.54,...,0.7}

{β1 , ..., β10 }

{0.38,0.36,...,0.2}

{γ1 , ..., γ10 }

{0.15,0.14,...,0.06}

{m1 , ..., m10 }

{100,95,...,55}

ϕ

20

p

2

Applying conditions (1) and (2), which incorporate the assumption that θ is taken as given by each household in its
maximization problem, we obtain the initial equilibrium solution to our model presented in Column 2 of Table 2
(Note 36). As expected, y1 > · · · > y10 . The result x1 > · · · > x10 is driven by m1 > · · · > m10 . Together, these results
for xi and yi , i = 1, ..., 10, outweigh the marginal eﬀects ∂u1 /∂θ < · · · < ∂u10 /∂θ < 0, resulting in u1 > · · · > u10 .
Note. The Pareto eﬃcient outcome is of course dependent upon ex post transfers of numeraire xi such that utilities
of households 1 − 6 are no lower than they were in the initial equilibrium. Such transfers are possible given the
diﬀerences in aggregate utility levels across the initial equilibrium and the Pareto eﬃcient outcome.
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Table 2. Results for initial equilibrium and Pareto eﬃcient outcome (Note)
Variables

Initial Equilibrium

Pareto Eﬃcient Outcome

{x1 , ..., x10 }

{58,57,56,55,53,52,50,48,45,43}

{12,14,18,24,31,42,58,80,115,168}

{y1 , ..., y10 }

{21,19,17,15,13,12,10,9,7,6}

{6,6,7,9,10,13,16,20,25,32}

{u1 , ..., u10 }

{25,24,24,23,23,22,21,21,20,19}

{7,8,10,12,15,20,27,36,50,71}

{1.74,1.54,1.36,1.18,1.02,0.87,0.73,0.61,0.49,0.38}

–

222

255

0.55

0.39

{WT P1 , ..., WT P10 }
∑10
i=1

ui

θ

Table 3. Utility parameters necessary for club to obtain eﬃcient water-shortage probability.
Utility Parameters

Original Values

New Values

{α1 , ..., α5 }

{0.52,0.54,0.56,0.58,0.6}

{0.5,0.52,0.53,0.55,0.57}

{β1 , ..., β5 }

{0.38,0.36,0.34,0.32,0.3}

{0.44,0.42,0.41,0.4,0.35}

{γ1 , ..., γ5 }

{0.15,0.14,0.13,0.12,0.11}

{0.155,0.145,0.135,0.125,0.115}

Results for the Pareto Eﬃcient benchmark – presented in Column 3 of Table 2 – represent a major departure from
the initial equilibrium in terms of the xi , yi , and ui rankings. Each of these rankings is reversed, reflecting the facts
that for the benchmark problem (i) the individual household budget constraints are aggregated into a communitywide resource constraint, (ii) α1 < · · · < α10 , and (iii) γ1 > · · · > γ10 . As a result, it makes sense for the social
planner to redistribute resources away from households 1, 2, 3,... to households ....,8, 9, 10 in order to maximize
aggregate utility (which occurs at 255 utils). In the process, the expected capacity gap is reduced from 55% to 39%.
Lastly, the set of WT Pi values provided in Column 3 represent the respective households’ willingness-to-pay for a
reduction in θ, from θ∗ = 55% to θ∗∗ = 39%.
To answer the central question posed in this section – to what extent must the coordinator induce a conservation
ethic among the club’s membership (through the information/education eﬀect) and/or deliver economies of scale
(through the bulk-pricing eﬀect) in order to attain the socially optimal level of conservation in aggregate – we
begin by making two underlying assumptions (Note 37). First, we assume that the membership fee is set such that
50% of the community’s 10 households decide to join the club at the outset (i.e., households 1 - 5 have become
club members). Referring to the WT P values provided in Table 2, this means that $0.87 < F ≤ $1.02, which in
turn implies that C(·) cannot exceed $5.10 (or roughly 6.6% of median household income). Otherwise, the club’s
(short-run) budget-balance condition will be violated.
Second, we consider the two polar cases of (1) Em only aﬀecting p for households 1 - 5 (i.e., solely an economiesof-scale eﬀect that reduces the price of member-household conservation eﬀort from p to p′ , i = 1, ..., 5) and (2)
Em only aﬀecting αi , βi , and γi , i = 1, ..., 5 (i.e., solely an information/education eﬀect that changes the utility
′
′
′
parameters of member households from αi to αi , βi to βi , and γi to γi , respectively) (Note 38). Since by definition
these two cases bound all possible intermediate cases, where Em aﬀects both prices and the utility parameters, the
results presented here should be considered boundary cases. In specific, the respective decreases in p determined
for Case 1 may be considered lower bounds on the decreases necessary to obtain the socially eﬃcient capacity gap,
θ∗∗ . Likewise, the respective changes in αi , βi , and γi determined for Case 2 may be considered upper bounds on
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the changes necessary to obtain θ∗∗ . With these two assumptions in hand we are able to answer the corresponding
questions: how far must p fall and to what extent must the utility parameters change for households 1 - 5 before
θc = θ∗∗ ?
To answer the first question (Case 1), we reduce p strictly for club members i = 1, ..., 5, from its initial, given
value of $2 down to the value necessary for capacity gap θc to equal θ∗∗ (= 0.39), while maintaining p = 2 for
non-members i = 6, ..., 10. We find that the value of p for club members i = 1, ..., 5 such that θc = θ∗∗ = 0.39
occurs at $1.77, which represents an 11.5% decrease in price. In other words, assuming 50% of the community’s
households join the club, and the club coordinator is able to deliver an 11.5% decrease in the price of conservation
flow to club members, this price decrease alone is suﬃcient to obtain the socially eﬃcient level of conservation for
the community at large.
With respect to Case 2, Table 3 presents new utility parameter values (for club members i = 1, ...5) that result
in information/education having the same eﬀect on the community’s expected capacity gap as the 11.5% price
decrease had in Case 1, i.e., the socially eﬃcient conservation level is obtained (Note 39). We see that the change
in βi is much larger, and the changes in αi and γi are much smaller (in percentage terms), than is the necessary
decrease in the price of water conservation. On average (across the five club members), the necessary changes in
αi , βi , and γi are -4.6%, 19%, 4%, respectively (Note 40). Thus, in this example, building a “conservation ethic”
among member households that is strong enough to push the larger community to its socially eﬃcient aggregate
conservation level is not markedly diﬀerent – in percentage terms – than eﬀecting a decrease in the members’ price
of conservation flow.
Table 4. Sensitivity of equilibrium outcomes as relative size of club decreases (Part 1).
θ∗

θ∗∗

θ∗ − θ∗∗

U∗

U ∗∗

U c (Case 1)

U c (Case 2)

pc

{WT P1 , ..., WT P5 }

50%

0.55

0.39

0.16

222

255

229

234

1.77

{1.74,1.54,1.36,1.18,1.02}

33%

0.73

0.58

0.15

322

360

331

320

1.71

{1.55,1.38,1.21,1.06,0.91}

25%

0.84

0.67

0.17

423

463

434

419

1.63

{1.59,1.41,1.24,1.08,0.93}

20%

0.92

0.73

0.19

522

566

538

519

1.55

{1.64,1.46,1.28,1.12,0.97}

CS

To test the sensitivity of these results with respect to community size (or, alternatively, relative club size) – in
particular, the extent to which the club members’ respective conservation ethics must strengthen or p must fall
in order for the club to attain the socially optimal level of conservation on behalf of the wider community – we
increase the size of the community from 10 to 25 in increments of five, i.e., we let the community grow in size from
10 to 15 to 20 to 25 members successively, while maintaining the club size at five members. In this way, the size
of the club decreases relative to the community’s overall population as the community’s population grows in size.
Specifically, relative club size (henceforth, CS ) successively decreases from its original 50% of the community’s
population to 33%, 25%, and finally 20%. For this sensitivity analysis, each increment of five new non-member
households simply replicates the parameter values for original non-member households i = 6, ..., 10 in Table 1.
Simulation results for these new relative club sizes are presented in Tables 4 and 5, as well as Figure 3.
Several interesting patterns emerge in Table 4. To begin, the magnitude of the reduction in θ (going from θ∗ to θ∗∗ )
as relative club size decreases from CS = 50% to CS = 20% first decreases from 0.16 for CS = 50% (given a
“base value” of θ∗ = 0.55) to 0.15 for CS = 33% (base value of θ∗ = 0.73), in percentage terms a roughly 9%
decrease. The magnitude of the reduction then increases from 0.15 for CS = 33% to 0.17 for CS = 25% (base
value of θ∗ = 0.84), in percentage terms a roughly 1% decrease. Finally, the magnitude of the reduction increases
again from 0.17 for CS = 25% to 0.19 for CS = 20% (base value of θ∗ = 0.92), in percentage terms a roughly
1% increase. We would expect the change in (θ∗ − θ∗∗ ) to decrease monotonically as relative club size decreases
because the types of households being added to the community’s population in this exercise value conservation
the least, meaning that, all else equal, the aggregate welfare gain associated with a decrease in the capacity gap
from the initial to the socially eﬃcient equilibrium should diminish as the community’s population size increases.
This would explain the decrease in (θ∗ − θ∗∗ ) from CS = 50% to CS = 33%. We are uncertain as to why this
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decreasing pattern in (θ∗ − θ∗∗ ) is reversed as relative club size decreases from CS = 33% to CS = 20%. One
possible explanation could be that a relative-club-size threshold exists below which the “absolute eﬀect” on the
aggregate demand for conservation of increasing the number of non-member households (i.e., households with
relatively low valuations of conservation flow and community water supply) outweighs the “relative eﬀect” of a
smaller relative club size.
Table 5. Sensitivity of equilibrium outcomes as relative size of club decreases (Part 2).
{α1 , ..., α5 }

{β1 , ..., β5 }

{γ1 , ..., γ5 }

50%

{0.5,0.52,0.53,0.55,0.57}

{0.44,0.42,0.41,0.4,0.35}

{0.155,0.145,0.135,0.125,0.115}

33%

{0.46,0.5,0.5,0.52,0.54}

{0.44,0.42,0.41,0.4,0.35}

{0.16,0.15,0.14,0.13,0.12}

25%

{0.44,0.48,0.48,0.5,0.52}

{0.46,0.44,0.43,0.42,0.37}

{0.165,0.155,0.145,0.135,0.125}

20%

{0.42,0.46,0.46,0.48,0.5}

{0.48,0.46,0.46,0.45,0.4}

{0.18,0.17,0.16,0.15,0.14}

CS

Figure 3. Club Equilibrium Changes in p in relation to relative club size.

Nevertheless, these results for (θ∗ − θ∗∗ ) impact the club members’ respective WT P values for reductions in θ
in a predictable way. Given the specific form of preferences used in this simulation exercise, households’ WT P
functions are such that WT P is increasing and concave in (θ∗ − θ∗∗ ). We would therefore expect to see the general
pattern exhibited by the club members’ respective WT P values in our simulation exercise based on the pattern
for (θ∗ − θ∗∗ ). The values are higher for CS = 50% (where (θ∗ − θ∗∗ ) = 0.16) than for CS = 33% (where
(θ∗ − θ∗∗ ) = 0.15). WT P values then increase sequentially as relative club size falls to CS = 25% and CS = 20%
(in line with corresponding increases in (θ∗ − θ∗∗ )). The determinants of the actual levels of the club members’
respective WT P values are, however, diﬃcult to pin down as they are governed by three sometimes countervailing
factors: (1) the value of (θ∗ − θ∗∗ ), (2) the percentage change corresponding with this value, and (3) the starting
value of θ∗ itself.
The club members’ WT P values have an important implication for the feasibility of club formation as relative club
size diminishes. For example, in moving from CS = 50% to CS = 33%, the decrease in members’ respective
WT P values implies that the coordinator will need to lower the membership fee, F, which in turn motivates the
need to lower the costs associated with the coordinator’s Er and Em in order to satisfy the budget-balance constraint.
Because the WT P values increase in moving from CS = 33% to CS = 20%, this budget-balance issue becomes
less pressing over this range of relative club size.
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Finally, as expected, the magnitude of the necessary decrease in the price of conservation flow (through bulkpricing) for club members to attain the socially eﬃcient capacity gap decreases with relative club size. As relative
club size increases, club members as a group shoulder a smaller burden relative to the community at large in
attaining the socially eﬃcient capacity gap. In turn, club members require smaller pricing discounts to increase
their conservation eﬀorts on behalf of the community. Figure 3 reveals that this negative relationship is convex.
In Table 5, we present various combinations of household utility parameter values (for the five club member
households) that enable the community as a whole to attain the socially eﬃcient capacity gap. Relative to the initial
parameter values for the member households (see column 2 of Table 3), these new values represent an extent to
which a “conservation ethic” would need to be instilled in the households by the club coordinator, all else equal. For
point of reference, the initial parameter values are {0.52, 0.54, 0.56, 0.58, 0.6} for α1 – α5 , {.38, 0.36, 0.34, 0.32, 0.3}
for β1 – β5 , and {.15, 0.14, 0.13, 0.12, 0.11} for γ1 – γ5 .
As indicated in Table 5, club members must strengthen their conservation ethics quite substantially in this example
as relative club size decreases. For instance, in moving from a relative club size of 50% to a club size of 20%
household 1’s strengthened ethic entails a decrease in α1 from 0.5 to 0.42 (16%), an increase in β1 from 0.44 to
0.48 (9%), and an increase in γ1 from 0.155 to 0.18 (16%). Similar parameter changes are required for households
2 – 5.
4. Summary and Conclusions
This paper has examined how a “conservation club” might empower voluntary household-level conservation eﬀort.
Toward this end, we have characterized a socially optimal conservation benchmark and have derived the analytical
conditions necessary for a club to attain this benchmark on behalf of the wider community. Theoretical analysis has
demonstrated the ways in which households choose to become club members and are subsequently empowered to
undertake aggressive conservation eﬀorts. Numerical analysis has provided a first attempt at illustrating the extent
to which a club must induce a conservation ethic among its membership (through the information/education eﬀect)
and/or deliver economies of scale (through a bulk-pricing eﬀect) before the socially optimal conservation level is
attained on a community level. The illustrations serve as examples of how the the necessary information/education
and bulk-pricing eﬀects can be measured, and show that the respective magnitudes of these eﬀects are quite sensitive to the relative size of the club (relative to the community’s population). We find that the relationship between
the information/education and bulk-pricing eﬀects, on the one hand, and relative club size, on the other, are highly
non-linear, and in some cases non-monotonic. These results point to the need for a comprehensive empirical study,
e.g., in the context of a multi-year field experiment.
Such an experiment could conceivably test the viability and eﬀectiveness of a conservation club, or what Sofoulis
and Williams (2008) call “meso-level” networking, in addition to other more-aggressive household-level interventions. One intervention might be a “contest,” whereby a household essentially competes with itself to achieve
targeted levels of water conservation during well-defined periods of time for a relatively substantial series of monetary rewards. For example, a household might be rewarded $1,000 for obtaining a substantial conservation target
during the year, and then maybe some fraction of this amount annually for maintaining that level of conservation
during any remaining years of the experimental period. Researchers could then use an in-depth survey instrument
to ascertain the specific behavioral changes and decision-making framework used by the household to achieve the
conservation goal. This type of intra-household contest is necessary to get at how a household responds to significant monetary incentives because the alternative of enacting significant changes to its monthly pricing structure is,
in a practical sense, infeasible (Note 41).
Another treatment might include intensive use of social media and networking to deliver more specific information
to the household regarding its water usage relative to other households in the community, as well as more global
information about alternative household-level water conservation strategies. The same type of information could be
provided to those households in a “conservation club treatment”, along with any bulk-pricing agreements arranged
by the club coordinator with local retailers.
Technical Appendix
We begin by noting that the conservation-club equilibrium may be delineated according to two aggregated agents
– club members (m) and non-members(nm) – which in turn necessitates some new definitions. First, we denote
Ym (Em ) =

n(E
r ,F)
∑
i=1
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and
Ynm (Em ) =

N
∑

yi (θ(

i=n(Er ,F)+1

n(E
r ,F)
∑

yi ∗ (Em ))).

i=1

In other words, the coordinator’s Em directly aﬀects aggregate club-member conservation flow, Ym (Em ), but aﬀects
aggregate non-member conservation flow, Ynm (Em ), only indirectly. Next, we denote the two reaction functions
corresponding to Ym (Em ) and Ynm (Em ), respectively, as Ym (Ynm (Em )) and Ynm (Ym (Em )).
Figure 4 depicts a stylized version of the club equilibrium. The equilibrium determined by the intersection of
the two downward-sloping reaction functions occurs in the face of both internal and external free-riding, while
the equilibrium determined by the intersection of the downward-sloping Ynm (Ym (Em )) function with a (hashed)
horizontal Ym (Ynm (Em )) function occurs in the absence of internal free-riding (Note 42). The assumption that
Ym (Ynm (Em )) is the flatter of the two curves reflects the expected eﬀectiveness of the club coordinator in mitigating the eﬀects of internal free-riding. In the case a horizontal Ym (Ynm (Em )) curve, these eﬀects are completely
neutralized. In both cases, Ymc + Ynm c = Y ∗∗ in equilibrium via the capacity-gap constraint.

Figure 4. Club equilibrium reaction functions.

The necessary conditions for the existence of an interior equilibrium are that (1) the reaction functions are continuous, and (2) they cross at least once. Continuity is ensured via the assumption of convex preferences underlying
the household’s utility functions. Crossing is ensured via an application of the Intermediate Value Theorem when
the flatter of the two curves has a lower vertical intercept than the steeper. Uniqueness (i.e., a single crossing)
in the case of an impure public good is determined mathematically by a complex set of conditions described in
Cornes and Sandler (1996) (Note 43). Lastly, Cornes and Sandler (1996) show that the equilibrium determined by
the intersection of the reaction functions is locally stable when, in the case of the two downward-sloping reaction
functions,
∂Ym (·) ∂Ynm (·)
<1
∂Ynm ∂Ym
which is as depicted in Figure 2 for both the downward-sloping and horizontal Ym (Ynm (Em )) curves.
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Notes
Note 1. By “voluntary” we mean non-restrictive policies such as metering, changes in pricing structures, subsidies/rebates for purchase and retrofit of more eﬃcient appliances/technologies, public education campaigns, etc.
Alternatively, temporary resource-use restrictions and changes in building codes are examples of mandatory, or
“coercive” policies.
Note 2. Nieswiadomy (1992) find that public education programs have a significantly larger eﬀect in the western
USA, which is more prone to water scarcity than the rest of the country. See Inman and Jeﬀrey (2006) for an
overview these studies’ findings, as well as the successive empirical findings discussed below.
Note 3. Hans (2013) provides an exhaustive review of the “limited information” literature, which addresses not
only the empirical eﬀects of smart metering on residential water and energy consumption, but also experimental
evidence on a host of diﬀerent feedback mechanisms.
Note 4. Renwick and Archibald (1998) are only able to do so with highly aggregated, cross-sectional categorical
variables. Not all studies report such optimistic findings regarding the potential eﬀects of retrofitting – see Mayer
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et al. (2003). Indeed, some studies find evidence of oﬀsetting behavior (Geller et al., 1983; Campbell et al., 2004).
Note 5. See Dalhuisen et al. (2003) and Espey et al. (1997) for meta-analyses of the water-demand literature.
Nataraj and Hanemann (2008) provide a novel approach to estimating marginal price eﬀects based on a more
dramatic pricing policy recently implemented in Santa Cruz, California.
Note 6. To the contrary, an exclusive club, as originally defined by Buchanan (1965), imposes size restrictions on
membership in response to crowding eﬀects, and produces the public good solely for its own members. See Cornes
and Sandler (1996) and Sandler and Tschirhart (1980, 1997) for perspectives on the evolution of club theory, in
particular the distinction between Olson’s (1965) and Buchanan’s (1965) notions of what constitutes a club. See
Veld and Kotchen (2011) for a recent characterization of voluntary eco-certification programs as “green clubs.”
In the environmental psychology literature,“alternative consumption communities” (Shaw and Newholm, 2002;
McDonald et al., 2006; Bekin et al., 2007) that can be created via “meso-level” networking strategies (Sofoulis
and Williams, 2008) closely resemble the type of club we have in mind in this paper. Another example of the
club we envision in this paper is provided by Scheld et al. (2012), who report on a catch share pilot program
recently implemented by the Rhode Island Department of Environmental Management. The program divided the
summer flounder, or “fluke” fishery into two groups: one smaller group consisting of eight members “known for
being innovative and active in [sustainable] management and cooperative research within the state,” and the other
consisting of remainder of the fishing fleet. The goal of the program was to test the eﬃciency of the smaller, more
innovative group in terms of meeting their independent total allowable catch through the use of transferable quotas.
It is important to note that any environmental policy beset with non-compliancy creates by default – and admittedly
by loose definition – what can be considered an Olson (1965)-esque club consisting of compliant agents. However,
non-compliance rates are typically lower – and thus the “club” of compliant agents larger in a relative sense – than
the relative club size we envision in this paper (see Cropper et al., 2014 for an empirical estimate of non-compliance
with episodic air pollution regulations). Thus, in the context of non-compliance, the corresponding “compliancy
club” would be larger in size (relative to the total population), as well as more decentralized in terms of sharing a
common interest.
Note 7. In the case of water conservation, provision of information/education could include demonstrations of and
discussions about retrofitting the most eﬃcient appliances and technologies available in the global marketplace,
smart metering, and water-wise gardening. Economies of scale would occur through bulk purchasing of these
appliances and technologies.
Note 8. The role of social networks in building “trust” or “social capital” among club members, e.g., in the context
of managing common pool resources, has been a focal point of research in the fields of both game theory and
experimental economics. For various perspectives on this literature see Libecap (1995), Ostrom (1998), Paldam
(2000), and Sobel (2002).
Note 9. This notion of targeting households with stronger predispositions toward conservation is consistent with
the empirical findings of Suzuki et al.(2004).
Note 10. We therefore leave for future research the questions of whether a government authority should make an
initial investment in establishing the club, how economies of scale might actually emerge through the club’s purchasing decisions, and how spillover eﬀects (i.e., the virtuous cycle mentioned above) might actually materialize.
The answer to the question about government investment entails a weighing of the expected stream of (discounted)
social benefits from the club’s conservation eﬀorts against the immediate costs associated with the club’s establishment. And answers to the questions of emergent economies of scale and spillover eﬀects entail estimating retail
merchants’ capacities to acquire, market, and service more-eﬃcient technologies and appliances, and the extent of
their market power in (global) wholesale markets for these goods.
Note 11. The wording “conservation eﬀort” and “conservation flow” are used interchangably throughout the remainder of the paper.
Note 12. By “capacity gap” we mean the diﬀerence between the community’s capacity level (at which a water
shortage is, on average, avoided) and the actual amount of water available for consumption. For water availability
levels no less than capacity, the capacity gap is zero (which is equivalent to a zero probability of the community
experiencing a water shortage during a given period).
Note 13. For expository convenience, we continue to refer to water as the resource being conserved. Energy conservation is complicated by the fact that if the energy being conserved produces a negative externality, such as air
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pollution through the burning of coal for electricity, then conservation reduces not only the probability of resource
shortage, but also the eﬀects of the externality. The model presented below can easily be adjusted to accommodate
externalities of this nature. Nevertheless, our focus is restricted to the eﬀects of conservation on the availability of
the resource so as not to unnecessarily complicate the analysis.
Note 14. The model can conceivably accommodate households with negative marginal utility from consumption
of yi , i.e., ∂ui /∂yi < 0. In this case, we would assume that at least some households in the community exhibit nonnegative marginal utilities. Also, assuming θ enters the household’s utility function as an exogenous parameter is
admittedly restrictive. It implies that a household’s motivations for choosing to conserve are (1) the “warm glow”
it receives from the conservation flow itself (in cases where ∂ui /∂yi > 0 for yi > 0) and (2) any reduction in pi
obtained through club membership. The household is therefore myopic and does not, on its own, make a connection
between its conservation flow and a reduction in θ. This assumption is perhaps more appropriate in the (very) small
agent case, e.g., for highly populated communities. As discussed in Section 2.3, however, we do assume that when
a household joins the club it learns about the specific eﬀect that an increase in its yi has on the reduction in θ. The
notion that an individual obtains a warm glow through altruistic behavior is attributed to Andreoni (1990).
Note 15. The curvature conditions on ui also ensure second-order suﬃciency conditions for maximization are
satisfied for this and the Pareto eﬃciency problem in Section 2.2.
Note 16. As discussed in Section 2.3, club membership is also assumed to potentially induce changes in the household’s utility parameters – to reflect the building of the household’s conservation ethic. As a result, households
may conceivably exhibit WT Pi values for this change as well.
Note 17. We assume a fixed fee, rather than a variable fee based on club size, for ease of exposition and without
loss of generality. Also, for future reference with respect to the analytics in Sections 2.2 and 2.3 we assume a large
enough population of households such that they can be identified in a continuous sense.
Note 18. It would perhaps be more accurate to say that the household potentially joins the club when (3) holds,
since at the time it formulates what we have assumed to be its certain WT P, the household does not know for
sure whether joining the club will ultimately yield the changes in θ and pi being valued. The household therefore
estimates its expected WT P instead, which, assuming risk-aversion, will be less than certain WT P. How
( much
)
less depends upon both the magnitude of the anticipated changes in θ (i.e., Ei (θ′ − θ)) and pi (i.e., Ei p′i − pi ),
where Ei represents household i’s expectation operator, and the household’s perception of the coordinator’s ability
to deliver the changes. Thus, certain WT P can be thought of as an upper-bound on what the household’s expected
willingness to pay for club membership is likely to be.
Note 19. We say “a” rather than “the” solution in recognition of the fact that a set of Pareto-eﬃcient solutions for
this problem can be generated by altering the implicit weights on the ui in the maximand of the planner’s objective
function.
Note 20. Recall that in this model households themselves do not estimate the expected capacity gap or the extent
to which their conservation eﬀorts aﬀect the gap. This estimation is made on the households’ collective behalf by
the regulator.
Note 21. These results hold for diﬀerent values of price across the two problems as long as pi in the social planner’s
solution does not increase (relative to the value of pi in household’s problem) by an amount large enough to oﬀset
the inequality
∂ui (xi∗ ,y∗i ;·)
∂y∗i
∂ui (xi∗ ,y∗i ;·)
∂xi∗

∑N
+

j=1 (

∗∗
∂u j (xi∗∗ ,y∗∗
i ;·) ∂θ
)
∂θ∗∗
∂y∗∗
i

∂ui (xi∗∗ ,y∗∗
i ;·)
∂xi∗∗

> p∗∗
i ,

i = 1, ..., N.

where p∗∗
i represents the equilibrium price faced by the social planner.
Note 22. Under general demand and cost conditions, Pal and Saha (2014) show that in a mixed-duopoly setting
(where one firm is fully private and the other at least partially public), it is optimal to tax firms’ outputs at a lower
rate than their abatement eﬀorts are subsidized, while at the same time retaining full government ownership of the
public firm. The lower tax rate reflects the need to compensate for a market power induced distortion that would
otherwise encourage the private firm to reduce its output below the socially eﬃcient level. As pointed out by an
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anonymous reviewer, in the context of our model any joint tax (ti )-subsidy (si ) scheme satisfying the conditions
∑N

∂u j ∂θ
j=1 ( ∂θ ∂yi )
∂ui
∂yi

ti =
and

∂u

− si ∂xij

∂u
N
N x
∑
∑
xi ∂x j
i
(si (yi + ∂u i )) =
(

∑N

j

i=1

∂xi

i, j = 1, ..., N

i=1

∂u j ∂θ
j=1 ( ∂θ ∂yi )
)
∂u j
∂yi

i, j = 1, ..., N

results in budget balance.
Note 23. The second assumption means that member-households learn to include the term

∂ui ∂θ
∂θ ∂yi
∂ui
∂xi

on the left-hand

side of conditions (1).
Note 24. Condition ∂2 n/∂F 2 < 0 would result if the distribution of WT P follows a Cauchy sequence (in ascending
order of WT Pi , i = 1, ..., N).
Note 25. The coordinator therefore solves a cost-minimization problem that has no direct relationship with (i.e., is
not the dual of) the Pareto eﬃcient benchmark problem in Section 2.2). The coordinator?s problem has only an indirect relationship with the benchmark problem via the constraint that it attain the socially eﬃcient water-shortage
probability (or capacity gap) that was determined as part of benchmark?s solution. The two problems are distinct
because the coordinator?s problem involves the coordinator choosing how to allocate eﬀort between recruitment
of new members and motivation of existing members in the most cost-eﬀective way, taking into account how those
eﬀorts aﬀect (1) both household WTP to join the club and existing members? own conservation eﬀorts, respectively, (2) the club?s budget-balance condition, and (3) attainment of the wider community?s optimal capacity gap.
Recall that the Pareto eﬃcient benchmark problem involves a benevolent social planner choosing the levels of each
respective household?s numeraire good and conservation eﬀort directly subject to an economy-wide resource constraint. Thus, the benchmark solution targets what is fundamentally a community-wide problem, while the solution
to the coordinator?s problem selectively targets club-member behavior.
Note 26. Recall that yi ∗ refers to i’s optimal demand for conservation flow derived in Section 2.1 for the now
counterfactual case where the club did not yet exist.
Note 27. The incentive for free- (or, as they have named it, “easy-”) riding, is explored at length in Cornes and
Sandler (1996). Cornes and Sandler (1996) show that if a pure public good is normal and the real income eﬀect
is suﬃciently strong, easy-riding may actually be negative, in the sense that an agent’s contribution to the public
good is increasing in the other agents’ contributions, i.e., the Nash-Cournot reaction functions are upward sloping.
In the case of an impure public good, such as the type modeled in this paper, Cornes and Sandler (1996) show that
an upward-sloping reaction function is possible without appealing to income eﬀects.
Note 28. External free-riding is also absent in the case of Cobb-Douglas preferences. Internal free-riding, however,
is possible with Cobb-Douglas preferences as a result of member households learning the eﬀects of their respective
conservation eﬀorts on θ, i.e., learning their ∂θ/∂yi terms.
Note 29. The necessary and suﬃcient condition for club-member conservation eﬀort to obtain the socially eﬃcient
capacity gap on behalf of the wider community (in the face of potential internal and external free-ridership) is
provided below.
Note 30. Similar to the problems examined in Sections 2.1 and 2.2, the curvature conditions on C(Er , Em ) and
n(Er , F) ensure second-order suﬃciency conditions for minimization are satisfied for this problem.
Note 31. See Laﬀont and Tirole (1993), page 24, for a detailed explanation of the budget-balance constraint and
its attendant multiplier.
Note 32. Since there are no production-type costs associated with the coordinator’s choice of F, a term corresponding to the second term in condition (6) is absent in condition (8).
Note 33. As in Laﬀont and Tirole (1993), the λ/(1 + λ) term adjusts the coordinator’s total cost curve to reflect the
fact that the total cost of coordinator eﬀort ultimately manifests itself as a need to raise public revenue, which in
turn imposes a social, rather than private, cost.
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Note 34. These ten households can alternatively be thought of as representing households classified in each of
the community’s respective income or preference deciles. For simplicity, we assume the community’s income and
preference deciles contain the same households, i.e., those households with higher incomes also have stronger
preferences for water conservation. We acknowledge the fact that because actual data with which to test the implications of the theoretical model presented in Section 2.3 are non-existent, we are precluded from drawing any
empirical conclusions from our numerical analysis. We therefore consider our numerical results to be qualitative
in nature.
Note 35. As indicated, αi increases by the additive constant 0.02, from 0.52 for household 1 to 0.6 for household
10. Likewise, βi decreases by additive constant 0.02 (from 0.38 to 0.2), and γi decreases by additive constant 0.01
(from 0.15 to 0.06).
Note 36. Except for WT Pi , i = 1, ..., 10, and θ (both of which are rounded to the second decimal point), solution
values are rounded to the nearest integer. GAMS IDE 2.0.33.5 was used for this and all succeeding simulations.
The input and output files for each simulation are available from the author upon request.
Note 37. We recognize that by imposing these assumptions our solution is illustrative rather than conclusive. Yet
it is also important to recognize that the need for making these types of assumptions stems from the absence of
empirical data that might otherwise provide conclusive evidence (in a statistical sense). Also, the assumptions can
be altered in any manner to assess how the results presented below would accordingly change. We present a series
of such alterations below.
Note 38. Recall that by joining the club a household also learns to account for the eﬀect of its own conservation
eﬀort level on the community’s expected capacity gap (as it aﬀects its own utility, not that of the other households
as in the social planner’s problem). As a result, the member-household’s first-order condition (1) becomes
∂ui
∂yi

∂ui ∂θ
∂θ ∂yi
∂ui
∂xi

+

= p,

i = 1, ..., 5
′

′

′

where p = p′ in Case 1 and ui is defined over parameters αi , βi , and γi in Case 2.
Note 39. There are actually an infinite number of utility-parameter combinations capable of producing this result.
The values presented in Table 3 represent only one such combination.
Note 40. We acknowledge that in a dynamic framework the socially eﬃcient benchmark θ∗∗ would itself decrease
concomitantly with the respective changes in the club members’ respective utility parameters. We rule out this
attendant ‘moving target’ problem, both in principle and by virtue of the static nature of our analysis.
Note 41. Based on the author’s own personal experience, it is highly unlikely that a suﬃcient number of households
can be recruited voluntarily into an experimental treatment that significantly alters their pricing structures (e.g.,
involving a relatively large increase in the price for higher “blocks” of water usage), let alone this type of treatment
being sanctioned in the first place by the governmental authority responsible for billing the household.
Note 42. The two equilibria are drawn to occur at the same location purely for expository convenience.
Note 43. Cornes and Sandler (1996) show that uniqueness in a Nash-Cournot pure public goods equilibrium is
guaranteed through normality of the public good.
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