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Abstract

While willingness to pay is a common concept to measure the benefit gained from a reduc-
tion in the probability of loss, it is still questionable how it is linked to risk aversion and risk
elimination behaviors, and how it is affected by the presence of an exogenous source of risk. By
focusing only on risks of small losses, this article sheds light on these issues and provides new

results on the determinants of the willingness to pay.
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1. Introduction

Willingness to Pay (WTP) makes it possible to evaluate the monetary value one is
ready to forgo to benefit from a reduction in the probability of loss (Jones-Lee, 1974).
This concept is often used to measure the benefit of prevention or in other cost-benefit

analysis where the benefit of an individual or collective decision needs to be evaluated



and compared to its cost. A large literature has questioned the determinants of the WTP.
One important issue is its link with risk aversion. If empirical studies concur on the
existence of a positive relationship between WTP and risk aversion (see e.g. Cropper and
Oates, 1992; Smith et al., 2004), this relation does not easily find support on theoretical
grounds. Indeed, Eeckhoudt et al. (1997) showed that the WTP to reduce a financial
risk is not necessarily increasing in the Arrow-Pratt measure of risk aversion depending
on conditions on individual preferences. In the same vein, Jullien et al. (1999) and Chiu
(2000) pointed out that only if the initial probability of loss is below a threshold that
depends on individual preferences, a more risk averse individual has a higher WTP. A
second issue is how the WTP to reduce the probability of loss is linked to the WTPs to
eliminate the risk. Indeed, Eeckhoudt et al. (1997) showed that, only in the restrictive
case of constant absolute risk aversion (CARA), the WTP for a partial reduction in the
probability of loss equals the difference between the WTP for risk elimination in each
state. A third important issue is that of the impact of a background risk on the WTP to
reduce the first risk. Indeed, economic decision makers often confront other sources of risk
that affect their attitudes towards the first risk (see e.g. Gollier and Pratt, 1996; Franke
et al., 2006). In addition, this issue brings further information on the potential errors
of empirical elicitations in evaluations of the WTP which do not consider the presence
of multiple sources of risk, as stressed by Eeckhoudt and Hammitt (2001) in the case of
infinitesimal probability reduction.

The aim of this article is to theoretically address these issues under the specific frame-
work of small monetary risks as defined by small losses. Contrary to numerous works
(see e.g. Eeckhoudt and Hammitt, 2001; Godfroid, 2001; Bleichrodt and al., 2003), we
do not approximate the WTP assuming a small reduction in the probability of loss, but
we approximate the WTP considering a small loss in case of damage, whatever the size
of the reduction in probability. Indeed, the idea is that large risks are usually covered
by insurance, leaving to the charge of individuals the amount of the deductible or of the
co-payment. Even in the case of full insurance, the occurrence of the risk has always some

negative effects that the individual would like to avoid (administrative cost, psychological



cost, etc...). Most of the risks individuals need to prevent against are risks of small loss.
By focusing on risks of small loss, we provide new results on the determinants of the WTP.
First, we characterise conditions for which the WTP is always increasing in risk aversion.
These conditions depends only on the probability distribution of total wealth. Then we
link the WTP to reduce the probability of loss to the WTPs to eliminate the risk, without
any restriction on the utility function. Finally, we show that the conditions to have an
increase in the WTP to reduce one risk in the face of an independent background risk of
loss depends on the nature of the background risk, whether it is in the form of a pure
damage risk or in the form of any unfair risk. While decreasing absolute risk aversion
(DARA) is required in the first case, hypothesis on risk vulnerability, a recent concept
introduced by Gollier and Pratt (1996), is required in the second case.

In what follows, section 2 provides conditions for which the WTP is always increas-
ing in the Arrow-Pratt measure of risk aversion. Section 3 deals with the link between
the WTP for a partial risk reduction and the WTP for total risk reduction. Section 4
addresses the introduction of an independent background risk of loss, either in the form
of pure damage risk or in the form of any unfair risk. Finally, section 5 offers a short

conclusion.

2. The model

Consider an individual with an initial wealth level equal to W,. With probability po,
an accident occurs and the individual loses a monetary amount L. The expected utility
of the individual with a twice differentiable, increasing and concave vNM utility function
u writes as:

E[U] = (1 — po)u(Wo) + pou(Wo — L) (1)

Let’s note d the individual’s WTP! to benefit from a partial reduction of the prob-

ability of loss, i.e. to switch from the lottery Lo = [—L,0;p0,1 — po] to the lottery

L As stressed in Chiu (2000), the concept of WTP is equivalent to investigating the optimal choice of
self-protection given an assumed relationship between self-protection spending and the loss probability.
We will then use interchangeably either one term or the other.
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L= [—L,0;p1,1 — p1], with 0 < p; < po; d is given by the following equation:

(1 — po)u(Wo) + pou(Wo — L) = (1 — p1)u(Wo — d) + pru(Wo — L — d) (2)
For small values of L, using Taylor series developments, we can approximate each side
of equation (2) around L, giving:

od ) -~ L? ( 0%d

ﬂm:d(a: +3-E§Lﬂ+o@% (3)

since d(0) = 0. Differentiating equation (2) with respect to L provides:

% _ pou' (Wo — L) — p1u/(Wo — L — d(L)) (4)
OL — (1 —p)u'(Wo — d(L)) + pr/(Wy — L — d(L))
and thus
(55), , =r-n )

Differentiating equation (4) with respect to L, and using equation (5), we obtain:
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Equation (3) is thus equivalent to:

L2
d(L) = L(po = p1) + - [po(1 = po) = pa(1 — p1)] A" (Wo) (6)
where A*(Wy) = —Z, ((XVVS)) denotes the Arrow-Pratt measure of risk aversion.

There exists a positive relation between the individual’s WTP and his/her level of risk
aversion as measured by the Arrow-Pratt measure of risk aversion if the term in brackets
in equation (6) is positive. It is rather easy to show that it arises in two cases: (i) V

po < %, and (i1) Vp; < 1 — pg. We then have:

Proposition 1. For small losses, an increase in the Arrow-Pratt measure of risk

aversion increases the WTP to reduce risk if either (i) po < 5 or (i) p1 <1 — py.



Both the initial level of loss probability and the magnitude of the reduction in loss
probability play an important role. If py < % whatever the reduction in the probability of
loss, the WTP increases with risk aversion. If pg > %, the magnitude of the reduction in
the loss probability needs to be considered. Indeed the condition p; < 1 — pg means that
the higher py, the lower p; is. Hence, for pg > %, the higher the initial loss probability,
the more important the reduction in the loss probability is required for a more risk averse
individual to increase his WTP. In others words, for a high loss probability (py > %), the
higher the loss probability, the more efficient? prevention activity has to be to increase
the WTP of a more risk averse individual.

This result departs from other works in the literature. In a seminal paper, Dionne and
Eeckhoudt (1985) showed that there always exists a positive relation between the level
of self-protection and the degree of risk aversion in the case of quadratic utility functions
and an initial probability of loss strictly inferior to 3. Eeckhoudt et al. (1997) discussed
that the WTP to reduce a financial risk is not necessarily increasing in the Arrow-Pratt
measure of risk aversion depending on conditions on individual preferences. In the same
vein, Jullien et al. (1999) showed that the level of probability for which self-protection
is increasing with risk aversion depends upon restrictions on the utility function. This
was also showed by Chiu (2000) in terms of WTP. Our results are different from theirs
in the sense that the level of loss probability we consider is completely exogenous to the
individual and does not depend on properties of the utility function.

It is important to note that this result can also be interpreted in terms of variance of

the risk. Indeed, equation (6) can be rewritten as:
1. ~ ~
d(L) = L(po — p1) + 5[V(Lo) = V(L1)]A"(Wp) (7)

where V(zz) is the variance of the lottery L;. There exists a positive relation between the
individual’s WTP and her level of risk aversion as measured by the Arrow-Pratt measure
of risk aversion if the variance of the total wealth is reduced by the passage from p, to
p1- This result is easily explainable since for small risks (as defined by small losses) the

variance is a good measure of the risk (see Pratt, 1964). Thus if the passage from pg

2Efficiency of prevention activities refers to the intensity of prevention in reducing the loss probability.



to p; represents a decrease in risk (as measured by a lower variance), a more risk averse

individual is willing to pay more to reduce the probability of loss. This gives us:

Corollary. For small losses, an increase in the Arrow-Pratt measure of risk aversion
increases the WTP to reduce the probability of loss if the variance of total wealth is reduced

with lower probability.

3. WTP for partial and total risk reduction

In an important contribution, Eeckhoudt et al. (1997) looked at the properties of the
WTP and the links existing between various forms of WTP. In particular, they investi-
gated under which conditions on the utility function the WTP for a partial risk reduction
from pg to p; equals the difference between the WTP for risk elimination from py and the
WTP for risk elimination from p;. They showed that such result was valid only in the
restrictive case of constant absolute risk aversion (CARA). In our framework, this relation

is always verified. Indeed, it is easy to show that equation (6) can be rewritten as:
d(L) :d(L7p070) _d(L7p170> (8)

where d(L, pg,0) denotes the WTP for a total risk reduction from py (i.e. risk elimination)

and d(L, po,0) denotes the WTP for a total risk reduction from p;. This gives us:

Proposition 2. For small losses, the WTP for a partial reduction in the probability

of loss equals the difference between the WTP for risk elimination in each state.

Contrary to Eeckhoudt et al. (1997), we do not need to impose conditions on the
utility function to have such form of separability in the WTP. These results can be useful
in many contingent valuation methods to elicit the WTP to reduce the probability of
loss. Indeed, instead of knowing how much an individual is ready to pay to reduce the
loss probability, it is equivalent to know how much he is ready to pay to eliminate the

risk both in the case of py and p;. Various studies point out that it is easier and more
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accurate for an individual to evaluate how much he is ready to eliminate a risk than to
reduce it (see...). Also, one could infer the value of the WTP to reduce the loss probability
from the observation of individual behaviors on insurance markets. Indeed the demand

for insurance is driven by the willingness to eliminate risks.

4. Willingness to pay and background risk

It is often the case that decision makers confront several sources of risk. They usually
make a decision about one risk whilst simultaneously facing other risks that may interact
with the first one. Not taking into consideration this interaction can significantly affect
the study of decision making under uncertainty as shown through extensive literature (see
e.g. Gollier and Pratt, 1996; Franke et al., 2006).

The objective here is to examine the impact of an independent background risk of
loss, Z, on the individual’s WTP to reduce the first risk. We will consider two different
types of background risk. We will either assume that the support of  belong to R~ which
naturally implies F(Z) < 0, or we will consider any unfair risk, i.e. such as £(Z) < 0 but
with Z not necessarily belonging to R™.

The individual’s WTP in the presence of an independent background risk, denoted

dP, writes as follows:

(1—po) Eu(Wy+2)+poEu(Woy— L+7) = (1—p1) Eu(Wy+ 7 —d?) +p Eu(Wy — L+ —dP)
(9)

or, that is equivalent
(1 —po)z(Wo) + poz(Wo — L) = (1 — p1)2(Wy — dP) + prz(Wy — L — dP) (10)
with
2(w) = Eu(w + ) Yw;

z(w) being the derived utility function as introduced by Kihlstrom et al. (1981) and

Nachman (1982). It states that the optimal decision of an agent with utility function u
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and facing the independent background risk, Z, is the same as the one with utility function
z and facing no background risk. As earlier, d® can be approximated by:
2

dB(L) ~ L(po — pl) + %[po(l - Po) - Pl(l - pl)]Az(Wo) (11)

with A%(Wp) = — 5 Wo)

2'(Wo) *

Using equation (6), we thus have:

4P(L) — d(L) = = lpo(1 — po) ~ pa(1 ~ (A (W) — A(OF)  (12)

The comparison between d and d” depends on the comparison between the Arrow-
Pratt measures of risk aversion of z and w, and on the sign of the term in brackets.
Depending on the support of the background risk, the conditions on the utility function
to have equation (12) positive will be different.

If we focus our attention on a pure damage background risk (Z defined on R™), we

obtain the following result:

Proposition 3. For small losses, the introduction of any independent and background
risk with support in R™ increases the WTP to reduce the probability of the other risk if

the individual’s utility function is DARA and if either (i) po < 3 or (i) p1 <1—pp .

Proof. Let’s note ¢(w) = % Vw. According to this notation, we have A*(Wy) =
Elo(Wo + 5)A"(Wy + 3)] = E(6(Wo + 7)) B(A"(Wy + 7)) + cov(o(Wo + ), A"(Wy + 7).
Under u(.) concave and DARA, cov(p(W, + z), A(Wp + 2)) > 0. Thus, A*(W,) >
E(¢(Wo+1z))E(A*(Wo+17)) = E(A*(Wy+)). As the support of 7 is in R~ and DARA

is assumed, we have E(A“(Wy + 7)) > A“(Wy) VW, giving A*(Wy) > A*(W,). O

Both experimental and empirical works support the DARA hypothesis (see e.g. Levy,

1994), and having a loss probability inferior to % is a common situation most decision

makers face. Hence proposition 2 strongly supports the idea of Eeckhoudt and Hammitt



(2001) that neglecting background risks is likely to lead to substantial error in estimating
the WTP to reduce one risk.

As conditions (i) and (ii) are equivalent to V(Lg) — V(Ly) > 0, it is rather easy
to interpret proposition 3. The introduction of a background risk with support in R~
reduces the final wealth, and since the individual is DARA, it makes the individual more
risk averse. He is thus ready to pay more to reduce the probability of loss when a decrease
in the probability of loss reduces the risk as measured by a lower variance.

If we now consider any kind of unfair risk, i.e. such as F(Z) < 0, we need to take into
account the concept of risk vulnerability introduced by Gollier and Pratt (1996). Following
these two authors, the utility function u is risk vulnerable if any unfair background risk

makes the individual more risk averse with respect to the first risk, i.e. :
E(Z) <0= A*(w) > A%(w) Yw

This gives the following proposition:

Proposition 4. For small losses, the introduction of any independent and unfair
background risk increases the WTP to reduce the probability of the other risk if the indi-

vidual’s utility function is risk vulnerable and if (i) po < % or (i) pr<1—pp .

Interpreting proposition 4 in the same way as we did for proposition 3 gives us: under
risk vulnerability, adding an independent and unfair risk makes the individual more risk
averse. He is thus ready to pay more to reduce the probability of loss when a decrease in
the probability reduces the risk as measured by a lower variance.

Finally, note that the DARA condition is weaker than the risk vulnerability one, in
the sense that u risk vulnerable implies © DARA. Hence, the conditions on the utility
function vary according to the conditions imposed on the support of the background risk
to have an increase in the WTP. There exists a sort of duality between the support of the

background risk and the utility function. If the support of the background risk is only in



R~, then any utility function which is DARA will lead to an increase in the WTP. If any

unfair risk is considered, then the utility function has to be risk vulnerable.

5. Conclusion

While WTP is a commonly used concept to measure the benefit gained from a reduc-
tion in the probability of loss, it is still questionable how it is linked to risk aversion and
risk elimination behaviors, and how it is affected by the presence of an exogenous source
of risk. This article sheds light on these issues by focusing only on risks of small loss, and
provides new insights on the determinants of the WTP. The conditions exhibited above,
being very appealing and realistic, offer natural grounds for experimental and empirical

investigations.
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