
How much does your environment matter?

Estimating demand with interdependent preferences

Gábor Koltay

September 2, 2009

1 Introduction

2 Consumer choice in markets with environmental

labels

This paper focuses on consumer choice among products with and without environmen-

tal labels. Discrete choice models, where consumers choose among several products and

purchase exactly one product at each such occasion, provide an appropriate analytical

framework for such a discussion. These demand models describe products as bundles

of characteristics, following Lancaster (1971) and McFadden(1974, 1981) and consumer

preferences are de�ned over these characteristics. The environmental impact of a prod-

uct, the pollution emitted during production, consumption and disposa, is one of these

characteristics.

Environmental impact, however, is not a standard characteristic like color, packag-

ing or size. First of all it is not observable directly for the consumer, because much of

the pollution generated throughout the life-cycle of the product is linked to production

or disposal. Environmental labels address exactly this problem by signaling the other-

wise unobservable environmental impact to consumers. This signal may be noisy, but

nonetheless it indicates the �rm�s e¤ort.

Secondly, even if environmental impact was directly observable, it is unlikely that the

consumer�s purchase decision would a¤ect her environment directly. The reason for this

being that consumption decisions are both geographically and temporally separated from

production and transportation that generate large part of the environmental impact of the

product, to put it simple the consumer usually lives far away from the factories and makes

her choice after the product was already manufactured. Although these two aspects imply
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that consumers are at best only indirectly a¤ected by these choices it is nevertheless plau-

sible that if everybody would choose products with reduced environmental impact each

consumer would be better o¤. This suggests that environmental impact of consumption

goods is best described as a public good (bad).

Indeed, Kotchen (2006) presents a model where consumer choices over products with

environmental labels are interpreted as choices over impure public goods, where the public

good aspect is the reduced environmental impact signalled by the environmental label.

This perspective allows one to treat "green markets" as examples for the private provision

of public goods. A long line of research in behavioral economics (summarized for example

in Fehr and Fischbacher, 2003) analyzed behavior in public good experiments and provided

strong evidence that people are not exclusively motivated by the immediate individual

payo¤s. Fehr, Fischbacher and Gächter (2001) show that experimental subjects behave

as "conditional cooperators" who are willing to contribute in a public good game if they

expect others to do so as well. Moreover, Fehr and Gächter (2002) and Rege and Telle

(2002) point out the importance punishments and the expression of social disapproval

in maintaining such behavior. Theories that explain such behavior cover a wide range

including social norms (Bernheim,1994, Brock and Durlauf, 2001 or Brekke, Kverndokk

and Nyborg, 2003) and reciprocity (Sugden, 1984 or Fehr and Gächter, 2000).

The following discussion applies the model of Kotchen (2006) to a discrete choice

framework and demonstrates how the main behavioral traits identi�ed by public good ex-

periments can be incorporated. The resulting model has two main di¤erences compared

to Kotchen (2006). First, it de�nes consumer choices over a set of products rather then

quantities of a pure public good, a pure private good and an impure public good. Second,

the present model allows not only for pure altruism as the explanation for the private

contributions to the public good, but also takes into account "warm glow" or "uncon-

ditional cooperation" and conditional cooperation based on reciprocity or social norms

as possible motivations for contributions. The resulting model is similar to Andreoni�s

(1990) formulation of impure altruism.

2.1 The model of consumer choice

Assume that there are i = 1:::N individuals who choose one product out of j = 1:::J

alternatives. Indicate these choices by the binary variable yij that takes the value of one

if individual i chooses product j and zero otherwise. Products are characterized by a

vector of K characteristics, xj = [x1j; x2j; :::; xKj], and an implied public good contribu-

tion gj. Accordingly, the public good contribution of individual i can be expressed as

gi =
P
j

yijgj:To keep notation simple it is assumed that xj includes income of i minus

price of product j as well. The public good aspect of the alternatives implies that con-
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sumer choices will be in�uenced not only by the product characteristics xj and gj but

also by the total provision of the private good by other consumers, which will be de-

noted as G�i =
P
n6=i
gn. Besides these deterministic components discrete choice models of

consumer behavior account also for factors that are unobservable for the researcher but

in�uence consumer choice by including random utility component by "ij with joint proba-

bility distribution F ("i1; :::; "iJ). Assuming that the random component is additive to the

representative utility part the individual i�s indirect utility function is usually expressed

as:

Uij = Vi(xj; gj; G�i) + "ij: (1)

In such a formulation Vi(xj; gj; G�i) depends on other consumers choices (ynj) through

G�i =
P
n6=i

P
j

ynjgj and because choices are probabilistic this implies that Vi(xj; gj; G�i)

is stochastic as well. Therefore the consumer�s decision will be based on the expected

representative utility:

Vi(xj; gj) =
X
j1

; :::
X
ji�1

;
X
ji+1

; :::;
X
jN

Y
n6=i

Pr (ynjn = 1jxj; gj)Vi(xj; gj; G�i): (2)

where jk is the product choice index of individual k and Pr (ykj = 1jxj; gj) is the proba-
bility that individual k chooses alternative j given the product characteristics. Then the

consumer�s utility maximizing choices will be described by the following probabilities:

Pij = Pr("ik � "ij < Vi(xk; gk)� Vi(xj; gj);8k 6= j): (3)

These probabilities form a demand system for the J di¤erent alternatives in which only

utility di¤erences among alternatives matter for the consumer�s decision.

In order to arrive to a fairly general speci�cation of Vi(xj; gj; G�i) one has to consider

carefully the motivations of the consumer regarding the public good provision. Three

cases will be considered:

1. Pure altruism, the classical assumption in the public good literature, which implies

that it is aggregate contribution Gj = gj + G�i that matters for the individual1

yielding Vi(xj; gj + G�i). In this case individual i�s contribution and the other

consumers�contributions to the public good are perfect substitutes.

2. Warm glow or unconditional cooperation, which imply that only the individual�s

own contribution gj matters in her decision, yielding Vi(xj; gj). Warm glow giving

1Note that usually total contribution Y = yi + y�i, and does not vary with j. This is so because
mostly it is assumed that the consumer optimizes over the quantity of her contribution yi, implicitly
through Y . In the current case, however the consumer can choose among j di¤erent type of contributions
yj by choosing one of the products.
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is used to describe the case when decisionmakers derive utility from the simple fact of

giving (Andreoni, 1990) and do not care about the actions of other decisionmakers.

3. Conditional cooperation, which implies that the utility derived from individual con-

tributions is dependent on other consumers� contributions. One example is the

impure altruism concept of Andreoni (1989) that speci�es individual utility as

Vi(xj; gj +G�i; gj) and includes both pure altruism and warm glow as special cases.

Another formulation based on conformity to social norms or reciprocity cab be ex-

pressed as Vi(xj; gj
G�i
N�1), which implies that other consumers�average contribution

and individual i�s contribution are complements.

An empirical model of demand for environmentally labelled products should incorpo-

rate all these forms of behavior. Before turning to the full speci�cation of the demand

model, however, it is worth to discuss the functional form of Vi(xj; gj; G�i), because in the

discrete choice demand literature a linear speci�cation is assumed most of the time (see

for example ABBP, 2007). Although this assumption seems to be innocent, it has serious

consequences for the separability of the di¤erent behavioral motivations. More specif-

ically, in the pure altruism case the linear formulation implies that the representative

utility is:

Vi(xj; gj +G�i) = �ixj + �i(gj +G�i); (4)

where vector �i and scalar �i are individual speci�c parameters. Because only utility

di¤erences ammong alternatives matter for the consumer�s decision and �iG�i is constant

across alternatives the pure altruism case is equivalent to the warm glow speci�cation

(Vi(xj; gj) = �ixj + �igj). To di¤erentiate between the two cases complementarity of the

product characteristics and the public good contributions has to be assumed. An example

for such a speci�cation for pure altruism is:

Vi(xj; gj +G�i) = �i�i(gj +G�i)xj (5)

where �i�iG�ixj will di¤erentiate this case from the warm glow case. The conditional

cooperation case under the linear utility assumption is:

Vi(xj; gj; G�i) = �ixj + �iG�igj; (6)

which can be di¤erentiated from the other two cases.

In order to incorporate the discussion on the di¤erent types of behavioral motivation

and the possible role of complementarity between private and public product character-
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istics the following speci�cation is suggested:

Vi(xj; gj; G�i) = �ixj + �1igj + �2i
G�i
N � 1gj + �3igjxj + �4i

G�i
N � 1xj: (7)

The choice of average contribution by other consumers ( G�i
N�1) instead of total contributions

re�ects the assumption that it is rather reciprocity or social norms that steer individual

behavior than a classical public good e¤ect. This is plausible since the reduction in

environmental impact is di¢ cult to quantify for the consumer.

The discussion so far assumed that the implied contribution of each product to the

public good is directly observable, that is consumers have preferences directly over gj
and G�i. As it was pointed out, however, consumers observe only the signal of the

environmental label Lj. Throughout the paper I will assume that the environmental label

implies a standardized environmental improvement across all products and that the signal

it conveys to the consumer is fully credible and without noise, that is:

gj = �Lj: (8)

Substituting this expression into (7) yields the following utility function:

Vi(xj; Lj; L�i) = �ixj + �1i�Lj + �2i
�L�i
N � 1�Lj + �3i�Ljxj + �4i�Lj

�L�i
N � 1xj; (9)

where L�i =
P
n6=i

P
j

ynjLj is the number of environmentally labelled products purchased by

consumers other than i. Then taking expectations over other agents�choices the expected

representative utility for individual i is:

Vi(xj; Lj) = �ixj + �1i�Lj + �2i�
2PLLj + �3i�xjLj + �4i�

2PLxjLj (10)

where PL � E
�
L�i
N�1

�
= 1

N�1
P
k 6=i

P
j

E(ykj)Lj =
P
j

P (ykj = 1jxj; Lj;�)Lj is the probabil-

ity that a labelled product will be chosen by the consumer given the product characteristics

and the taste parameters � =[�i; �1i; �2i; �3i; �4i; �]. Because � cannot be identi�ed it will

be normalized to 1 that is the other coe¢ cients will take up its e¤ect.

The �nal aspect of the utility function speci�cation that is left unresolved is the treat-

ment of individual heterogeneity. So far it was only assumed that individual speci�c

parameters express taste di¤erences across consumers. Nevertheless an estimable empiri-

cal speci�cation requires to either assume a theoretical distribution of these parameters or

proxy them with observable individual attributes. In this paper the later strategy is used.

Denote the vector of individual i�s attributes by zi = [z1i; z2i; :::; zRi], then the individual
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speci�c parameter �1i will be modelled as:

�1i =
RX
r=1

�1rzri; (11)

and all other individual speci�c parameters in � are modelled this way.

Finally, a relatively simple speci�cation will be assumed for the random part of the

utility:

"ij � iid Type I Extreme value, (12)

yielding the following choice probabilities:

Pij = �
�
�ixj + �1iLj + �2iP

LLj + �3ixjLj + �4iP
LxjLj

�
; (13)

where � denotes the logit function.

The main di¤erence between (13) and a usual discrete choice demand system is the

presence of the terms involving PL. To see the implications of this property for identi�-

cation aggregate choice probabilities across individuals and labelled products:

PL =
X
j

Lj

Z
�
�
�ixj + �1iLj + �2iP

LLj + �3ixjLj + �4iP
LxjLj

�
f (zijxj) dzi: (14)

This expression de�nes an equilibrium condition for PL. Therefore individual conditional

choice probabilities (13) and the equilibrium condition (14) jointly specify the demand

system. The equilibrium beliefs (PL) about the mean choice probability of environmen-

tally labelled products is endogenously determined in this system and this implies that

the interaction terms involving PL will be endogenous in such models. In e¤ect such a

demand system forms a discrete game and the next section discusses the identi�cation

conditions of these.
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3 Identi�cation of demand systems with interdepen-

dent preferences

3.1 Identi�cation of static games

3.2 Assumptions about �rm behavior

4 Data

5 Empirical speci�cation and results

6 Conclusion

7



References

[1] Ackerberg, Daniel & Lanier Benkard, C. & Berry, Steven & Pakes, Ariel, 2007.

"Econometric Tools for Analyzing Market Outcomes," Handbook of Econometrics,

in: J.J. Heckman & E.E. Leamer (ed.), Handbook of Econometrics, edition 1, volume

6, chapter 63 Elsevier.

[2] Bajari, Patrick, Han Hong, John Krainer, Denis Nekipelov. "Estimating static models

of strategic interaction," NBER Working Paper 12013, 2006.

[3] Bajari, Patrick, Jeremy T. Fox, Kyoo il Kim, and Stephen Ryan. "A Simple Non-

parametric Estimator for the Distribution of Random Coe¢ cients in Discrete Choice

Models" 2007.

[4] Bernheim, B. Douglas. 1994. "A theory of conformity" The Journal of Political Econ-

omy, Vol. 102. No. 5. (Oct., 1994), pp.841-877.

[5] Steven Berry & James Levinsohn & Ariel Pakes, 2004. "Di¤erentiated Products De-

mand Systems from a Combination of Micro and Macro Data: The New Car Market,"

Journal of Political Economy, University of Chicago Press, vol. 112(1), pages 68-105,

February.

[6] Bodner, R. and D. Prelec. "Self-signaling in a neo-Calvinist model of everyday deci-

sion making," in Psychology and Economics, Vol. I. I. Brocas and J. Carillo (eds.),

Oxford University Press, 2002.

[7] Brekke, Kjell Arne, Snorre Kverndokk, Karine Nyborg. 2003. "An economic model

of moral motivation," Journal of Public Economics 87 (2003) 1967�1983.

[8] Brock, William A. and Steven N. Durlauf. Multinomial Choice with Social Interac-

tions. NBER Working Paper No. T0288. 2003

[9] Brock, William A & Durlauf, Steven N.. "Discrete Choice with Social Interactions,"

Review of Economic Studies, Blackwell Publishing, vol. 68(2), pages 235-60, April.

2001

[10] Bjørner, Thomas Bue, Lars Garn Hansen and Cli¤ord S. Russell. Environmental

labeling and consumers� choice - an empirical analysis of the e¤ect of the Nordic

Swan. Journal of Environmental Economics and Management 47, 411-434, 2004.

[11] Fischbacher, Urs, Simon Gächter and Ernst Fehr, 2001. "Are People Conditionally

Cooperative? Evidence from a Public Goods Experiment," Economics Letters, 71,

397-404.

8



[12] K½oszegi, Botond. 2006. "Ego utility, Overcon�dence and task Choice", Journal of the

European Economic Association, June 2006, Vol. 4, No. 4, pp. 673-707.

[13] Stigler, George J & Becker, Gary S, 1977. "De Gustibus Non Est Disputandum,"

American Economic Review, American Economic Association, vol. 67(2), pages 76-

90, March.

[14] Fehr, Ernst and Urs Fischbacher. "The nature of human altruism" Nature 425,

785-791 (23 October 2003)

[15] Matthew J. Kotchen, 2006. "Green Markets and Private Provision of Public Goods,"

Journal of Political Economy, University of Chicago Press, vol. 114(4), pages 816-845,

August.

[16] Fehr, Ernst and Simon Gächter. "Altruistic punishment in humans" Nature 415,

137-140 (10 January 2002)

[17] Andreoni, James, 1990. "Impure Altruism and Donations to Public Goods: A Theory

of Warm-Glow Giving?," Economic Journal, Royal Economic Society, vol. 100(401),

pages 464-77, June

[18] Andreoni, James, 1989. "Giving with Impure Altruism: Applications to Charity and

Ricardian Equivalence," Journal of Political Economy, University of Chicago Press,

vol. 97(6), pages 1447-58, December.

[19] Lancaster, K., (1971). Consumer Demand: A New Approach. Columbia University

Press. New York & London.

[20] McFadden, Daniel. "Conditional Logit Analysis of Qualitative Choice Behavior,"

[PDF �le, 3.2M] in P. Zarembka (ed.), FRONTIERS IN ECONOMETRICS, 105-

142, Academic Press: New York, 1974.

[21] "Econometric Models of Probabilistic Choice," in C.F. Manski and D. McFadden

(eds.), STRUCTURAL ANALYSIS OF DISCRETE DATAWITH ECONOMETRIC

APPLICATIONS, 198-272, MIT Press: Cambridge, MA, 1981.

9


