1SS (B71-2513

Testing Rationality in Contiugent.
Vatuation Studies

Maria Cunha-e-S4 28d Mris Duda Scares

Working Paper 2* 1145 S
" December, 1947 :

The anal;,rE , opinions and findings of this pqn- rqnsert te views of e sathars, uq are ot
necessaril umseof"Faculdadechcomnna . _ _ _

©wem



TESTING RATIONALITY IN CONTINGENT VALI_IAT!ON STUDIES
: by
Maria Cunha-e-S4 and Maria Ducla-Soares

Facuidade de Economia. Unjversidade Nova de Lisboa,
Travessa Estevdo Pinto. 1070 Lisboa. Portugal

.Emaul addresses: meunhasa@ie.unl pt; mdsoarcsi@fe.unl.pt
Tel #: (351) (1) 3833624
Fax #: (351) (1) 3886073

December 1997



Abstract
In a world characterized by one unrationed good (ie, market good), and one rationed, such as most of
environmental goods, we oblain sufficient conditions for the existence of an underlying rational preference
structure based on a system of mixed demand functions. The implications for CV studies are derived. For
policy purposcs, in particular in what concerns weifare evaluations, our results can be of great relevance.

Keywaords: rationality: mixed demand functions; preference-based versus choice-based approach

1 Introduction

Onc of the goals of applicd demand analvsis is to mmake welfarc evaluations for policy purposes.
When making these welfare cvaluations. based on. the data available, the rescarcher relies on the
ncoclassical theory of preferences. In this context, the question to be addressed is how 10 legitimate the use
of the data in order to have welfare significance. To this end, the first step consists of testing for the
existence of an underlving rational preierence structurc. |

in particular, Contingent Valuation Methods (CVM). namely in the discrete-choice format. have
gained popularity for eliciting economic value of ndnmarkcl resources and public goods. When rigorously
conceived and caﬁliously interpreted. these surveys can provide useful information about the
charactenistics of demand for nomﬁarkct goods. An important argument that has been used in the
literature against contingent valuation is that it is not based in revealed preferred information, and
therefore, il is not supported by the neoclassical theory of preferences.! As a result. validation of empirical
applications of CVM has received considerable attention in the literature.

In a world characterized by market goods and envimlnmenta! goods for which. markets, in
general, do not exist, the researcher is confronted with the data available. market observed/revealed
preferred (RP) and/or generated by hypothetical surveyvs/stated data (SP). Therefore, we argue that the
individual’s choice behavier should be treated as the prumitive feature, and the approach to modelling
indrvidual choice behavior is a choice-based approach. 1n contrast to (the preference-based one. In this

last case. the decision maker’s (astes. as summarized 1 s preference relanon, are taken as the primitive

characteristic of the individual. while in the choice-based approach the primitive feature-is the individual

! See Hanemann (1994).



choice behavior® In this context, the first question 10 be addressed in any empirical analysis should be
how to legitimate the use of the data to secure welfare significance, which requires testing for the
existence of an underlying rational preference structure. This is the purpose of our study.

When working with rcal market data (RP), we observe a rule that assigns a set of chosen
consumption bundles to each price-income pair (p,w), that is, a direct individual walrasian or ordinary
demand function. Typically, this is what occurs with indirect methods for valuing cnvironmental
amenities, as travel cost methods. In this context, a dilferentiable walrasian demand function x(p.w).
salisfying Walras’ law and homogeneity ol degree zcro in prices (p. - -0) and income (w), is gencraled
from the maximization of a quasi-concave utility function if and only if the matnix of (he substitution
effects S¢p,w) (ie, the Slutsky matnix) is_symmcln'c (5) and negative semi-definite (NSD), for all (p.w). In
Cunha-¢-54 and Ducla-Soares (1996). the conditions for the exisience of an underlying rational preference
were examined in a paniéular cimpirical relevant case.

When the data available 10 the researcher is stated data ( SP), and in contrast to the revealed data
case (RP), we do not observe a walrasian demand function. The surveys have gained popularity for
eliciting the economic value of nonmarket resources and public goods. Depending on the question asked,
the Wiilingness To Pay (WTP) or Willingness To Accept (WTA) for marginal changes in the availability
of the envirenmental good can be recovered. In these cases, individual Hicksian or compensated inverse
demand functions can be derived.

‘The consumers make their choices over goods that are either freely available in the market or for
which they face constraints, as when they are quantitatively rationed. In particular, environmental and
other public goods fall into this class. Therefore, all the adjustments in the optimal choices will reflect the
substitutability and/or complementarity between these two different kinds of goods. The behavior of
consumers in this more gchcral selting is characterized by demand relationships that are functions of a
mixed set of prices and quantitics. Assuming thal the rationed goods are always consumed optitnally, that
is, that the price imptiled to the rationed good is the one for which the ration level will equal the optimal

quantity in the unrationed problem (ic. (he virtual price of (he rationed good), the appropriate system of

? See Mas-Colell et al. (1995).
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demand ﬁnmons to describe the choice bc'havior of individual consumers is a system of mixed demand
functions. These more flexible demand functions were introduced by Samuelson (1965), and are 5!50
implied by consumer utility maximization.

Giﬁen that the structure of the data available in this more general context, that is, with market
and nonmarket goods, leads to a.systcm of both direct and inverse compensated demands, the appropriatc
setting is a system of mixed demand functions. 1n order to test for rationality in this conlexi. we have lo
carefitlly examine the properties of the matrix of the substitution cflects. ln this paper we derive sufficient
conditions under wlﬁch an underlying rational prefcrence exits in a particular empirical relevant case. that
is. a world of two goods, onc unrationed and onc rationed. or the environmental good. The implications
for the _dcsigﬁ of future Co:ilingcnt Valuation studies are examined.

The rest of the paper is organized as follows, Seclion 2 states the consumer’s choice problem
under demand rationing. from a'dual perspechive. The system of mixed demand functions is_dc:'ived.' In
Section 3, the relationship between the matrix of the substitution effects (ie, the Slptsky matrix) for the
nonconsu-ained and the constrained problems is characterized. Proposi_tion 1 summarizes these results.
Moreover, the implications of testing rationality for a world of ene unrationed good and one rationed are

examined for CV studies. Finally. in Section 4 the main conclusions of the paper are presented.

2 The Cost Minimization Model under Demand Rationing
In a world of two goods i = 1,2, where i=1 Is unrationed, and i=2 is rationed, the rat%oned cost
niinimization problem, based on the concept of virtual price of the rationed good (p;"), that is, the pricé
for which the rationed quantity would be optimal, can be stated as
Minp,q, + 1,3,
sl

u(q,.9.) 24



where p, and q, represent the price and quantity of good 1, respectively, and g, is the fixed (nonnegative)
quantity of the rationed good. Moreover, uf.} is a well-behaved direct utility function. The solution to this
problem is given by the following systemn of compensated demand functions:

4, =4,(p.py.¥#)

g, =4,(p,.p:.0t)

The corresponding cost function is

({p,.p: 1),

The malrix of substitution cffects. that is. the Slutsky matrix is

dq, d4q,
¢ | 9P 9P
el fa, 4g,
ap,  Fp;

H

The cxi.slcnoc. of an undcrlying rational preference structure is intimately related 10 the properties
of the matrix 5., that is, negative sclﬁidcﬁ nitcness (NSD) and symmetry (8).

In a world characierized by private goods and environmental goods for which, in many cases, a
market docs not exist. the choice rules that represent the behavior of consumers in this more gencral
setling arc ch.araclcrizcd. by demand relationships that are functions of a mixed set of prices .and
ﬁuanlitics, thal is, a system of mixed compensated de:lnaud funcliorﬁ By appl_ying the Sheppard’s lemma
and the Implicit Function Theorem, the correSponding.syslcm of mixed compensated demand functions
can be stated as follows:’

4" =4, (. 4,.10)

Py =pi(p .4, 10)
where g, is an optimal choice.

In this more general setting, the corresponding matrix of substitution effects is:

* These functions arc, respectively, homogeneous of degrec zero and one on the prices of the unrationed |
good. Moreover, Walras’s law is satisfied. '
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p;  9p,
‘apl 5a2

3 Testing for Rationality in 2 Two Goods Mixed World
3.1 Relationship between S, and éc
“In this section. the rc}élionSIsip between S, and SA'C is cstablished. Lemma 1 in Maddcn (1991)
establishes (his relationship for the general case, expressing .§c fn lenné of the clemcﬁ;s of .S_}_ Diﬁeremly :

from Madden (1991}, by expressing the elements of the S. matrix in terms of the elements of S__, we

“oblain:

i dqr dp:  44qr ]

c’?q:"_ff"qz(?m a2 q,

ap op: 2P

Y =[s ]= | 5'q'1 (?q,z

.=, 20
3 p,' 1

o 25

| d4a, 2q, |

~

As far as the botiom right-hand eiemenl of S. is invertible, S can be directly abtained from S.. In
o:I'dcr 1o guarantee the exisience of an explicit solution for the mixed problem, the lm_plicit Function
Thﬁorcm m:quircs thai element to be differcnt from zevo. -

~ Our goal is to derive the conditions (10 be tested) under which an underlying_ rationa! preference
slruf:llnrc exists. These conditions arc imposed on ithe clczllcnis oi' qr rather than on those of S.. From an
.clnpirical..boi|ll' of view, two main rcasons justify this procedurc. First, the estimates of the elements
of S: are directly- obtained in .thc estimation process, and second, these elements are simﬁlgr algebralc |

expressions when compared with the corresponding ones in .. Moreover, the praperties of S, are well-



kn_owﬁ,- that is, symmetry (S) and nggalivc semi—dcﬁnilenws I(NSD}. Therefore, and, in éonuasl- 10
Mz.l_dden. (l99i), S.is exprassedln terms of the elements .S";. | | |
In order lo. obtam the conditions on the elements of S'c under which the underlying ﬁlional
preference sﬁucture exists, we will take advantage of '(i) the homogeneity of degree one in priﬁcs ;)f the
_difeci compensated dclﬁand fundion of the ﬁnralioncd good. and fii) the relationship between S, :.md. .\A" .

as well as- the propenies of S..

The results are summarized in Proposition §, and in Corollary 1.

| sq7 2 pl’)
Proposition 1: If () [ —— = =
o g, dp

.2 p.
(i) ( 3 p <0]

d g, =0
ap

L

(i) §, =

. then, all the desirable properties of S. are guaranteed. Moreover, by homogeneity of degree zero in

. prices of the direct compensated demand function of the unrationed good, .§|2ha.v to be negative, (or

85, 0).

' i’roof: .By inspection of S, it follows that condition (i) is implied by sym;;riclr'_\r of ?., Negative
senﬁ_-ckeﬁnitem of S: ir_nplies negativeness of the direct subsiitution effects, as stated in condition (ii).
Thls fact follows immediately by iné_peclion of tllle diagqhal elémems of S.. Condition (iii) is implied by

singularity of 5. , since it can be shown that

. det (S,)
13 ="
32

Finatly, by homogeneity of degrec zero in prices of the direct compensated demand functions of

m

. o P
the unrationed pood. that is, §,, = 2 cql' < 0. In fact,
' 2

1
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J q, aqt 8q, P, 3§, A
+——p; =0.As ==y = =, and given (if), §), has to be negative,
 p, i 2p, ? dp; Ip, 3y "
24a,
aq"
or 32, >0. Note thalﬁu = P El_l <0, or 3:“ >0, reflects a substitutability relationship between the two
q. _ .

goods in a classification different frotn the Slutsky one. This new classification was developed in Madden
(1991). in the coﬁtcxl of a mixed world. [f (i), (i), and (iii) hold, then the matrix S, is syinmetric, and

negative semi-definile, with all the princi_pél misors non singular, except for S itself. QED
The resulis in Proposition | have some implications to the matrix S'c. as stated in Corollary 1.
' Corollar.y 1: Given Proposition 1, the matrix §c has the following éroperf:‘es:
. (i) skew-svmmetric, that IS, ..ﬂ:: - ‘;:1 |- With .§3,| >0 |
@i} 8, =0;
" Proof: The impiiéalio’ns .lo l.l‘le clements ofS'C are the following:
(.i) Symmetry of S, implies skew-symmetry of the nondiagana)l elements. Homogeneity .ot” degrec zero .i'n ‘
prices of the direct compensated demand function o.f the unrationed good implies lhat §,,>0.

det (S,)

H

(ii) The singularity of S. is equivalent to 5, =0, as §, = . but it does not imply singularity

~

of S, . - _ _ -~ QED
3.2 Implications for CV Studies

In the context of the environmental economics literature, the majority of empirical

studics dedicated to value environmicntal asscts cstirnate a demiand function or a marginal willingness to

pay (WTP) function for changes ii the availability, or in the quality of a given cnvimﬁmenlal_ assel. The

arguments of the demand function are, besides the availability, or the quality of the environmental asset,



the set of individual attributes. In general, these suries iavalve o gopds, s1¢ market good and one

rationed good, that is, the environmental good.

From an empirnical pcrspcétivc. giver Prgxsitien L xad Coollary |, four esis have to be
performed for rationality:
0) ‘§|g=f.€3, :
Gy 8, >0
(i) 5, <0;
(ivy 5, =0
This has important implications f‘or_ thic dosign of ibe aapircal gwdy. In peneral, only an
estimate fof the marginal willingness to pay for a aarginal dange ia the aaailability or the quality of the
environmental good ( 5,, ) is provided. However. even in thecases m whicd € is ot possible o reject the
hypothesis that 3‘23 is negative, more is needed., in paricular. S5 an (1), [K) and (iw). These tests are not

performed, as the required information is aot typical M previded by the suveyi in coxtingent valuation
studies. In fact, not only it is nol possibie to disentangle the inyiginal efict af a clingc in e price of the
_ markel good on the marginal willingness to pay {or a sargiml chaage ia the avadability or the quality of

the environmental good (35,,), but also, an estinpte o $1c dirvet compensated danaad function for the

unrationed good is nol available. Therefore, for ratienakisy puposes these resulls suppest that a new

design of the surveys is required.

4. Conclesions
The purpose of this sludy is to derive lestable ¢anditions v (ke saBkace of 2 rational preference
stiucture, in a \.\*orld characterized by 1he prcsenc.e ofbah matkt ad senamrket goads. such as most of
the environmental goods, Without raltionialily_ welbwe calzlisG o beudertken AS tiey represent
onc of the main goals of the majority of the ernpincsl applcatians o1 his fidd, fah.m:: to safisfy it woukd

definitety compromise the chance of making use of ¢ e itma s o1 policy garposes The conditions thal



we have obiained are testable in the sense that they depend directly on the estimated coefficients of a
mixed system bf demand functions, and, .lhcrefore, observable to the researcher.

We apply the methodology developed in the paper to a particular empirical relevant case, that is.
the world of two goods, where onc is a market good and the other is rationed. We show that for rationality
purposes a néw design of the questionnaires and surveys to-be used in future contingent valuation studies

1s required.
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