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CONSUMPTION EXTERNALITY AND EQUILIBRIUM
UNDERINSURANCE

Rachel J. Huang
Larry Y. Tzeng

ABSTRACT

Relative consumption has been found to be crucial in many areas, such as
asset pricing, the design of taxation, and economic growth. This article ex-
tends this line of research to the individual’s insurance decision. We first
define “keeping up with the Joneses” in the purchase of insurance and find
that jealousy does not necessarily give rise to “keeping up with the Joneses.”
We also identify several sufficient conditions that cause the optimal cover-
age in the private market to be less than the social optimum (equilibrium
underinsurance). Jealousy is found to be neither a sufficient nor a necessary
condition for equilibrium underinsurance. We further show that a social
welfare maximizing government could adopt a tax system to correct for the
consumption externality and make individuals better off.

INTRODUCTION

There has been a long debate in the literature over whether the government should
intervene in the individual’s choice of insurance if there exists a market for private in-
surance. Some studies (see Kaplow, 1992a,b; Selden, 1993; Blomqvist and Johansson,
1997) have shown that the government’s intervention in insurance may distort the
incentive of the individual to purchase insurance in the private market and thereby
reduce the social welfare, whereas certain other studies have shown that the govern-
ment’s intervention in the insurance market could improve social welfare by taking
into consideration government efficiency (see Diamond, 1992; Mitchell, 1998; Huang
and Tzeng, 2007a,b), redistribution (see Rochet, 1991; Cremer and Pestieau, 1996;
Coronado, Fullerton, and Glass, 2000; Gustman and Steinmeier, 2001; Liebman, 2002;
Brown, 2003), and asymmetric information in the private insurance market (see Ak-
erlof, 1970; Eckstein, Eichenbaum, and Peled, 1985).

Although the previous literature has provided many ingenious findings, as far as we
know, none of the studies has ever considered the consumption externality, which is a
very important factor discovered recently in support of the view that the government’s
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intervention might increase social welfare.! Besides the government’s intervention,
relative consumption has been found to be crucial in many other areas, such as
asset pricing? and economic growth.? This article extends this line of research to the
individual’s insurance decision. In this article, we intend to analyze the effect of the
consumption externality on insurance and to examine whether the government could
make individuals better off by intervening in the private insurance market.*

In the literature discussing the consumption externality and government intervention,
Dupor and Liu (2003) have found that if the preference of the individual exhibits
jealousy, then the individual will consume more than the socially optimal amount
since the individual does not take the consumption externality into consideration.
In this article, we intend to ask another question: if the preference of the individual
exhibits jealousy, does the individual take more risks (i.e., purchase less insurance)
than that supporting the social optimum? The above problem is closely related to, but
not the same as, the issue in Dupor and Liu (2003) since the insurance decision could
influence the individual’s consumption not only in both the loss state and the no-loss
state but also in the opposite direction. It is worth recognizing that by purchasing
less insurance, the individual can generally save part of the insurance premium and
consume more when the loss does not occur. However, if the individual purchases
less insurance and the loss occurs, the net loss of the individual will increase and the
individual will be forced to consume less since the risk is not well covered. By noting
that the insurance decision is critical for the individual’s consumption, we intend
to analyze the optimal insurance choice for the individual with regard to relative
consumption. Moreover, we further analyze whether the private optimum in terms
of the insurance purchased is the same as the social optimum and whether or not it
is necessary for the government to intervene in the private insurance market in order
to correct for the consumption externality.

When examining how the consumption externality affects the individual’s decision,
researchers usually assume that the individual’s utility is a function of his or her own
consumption level and the per capita consumption level in the economy (Gali, 1994;
Dupor and Liu, 2003). In other words, there is only one reference point, per capita
consumption, in the setting of the previous research. However, we observe that in
addition to per capita consumption, the individual’s utility may also be affected by
the average consumption level of some specific groups. For example, an individual
may be jealous of people who do not suffer losses in their consumption. On the other
hand, the individual may also show mercy toward the people who suffer losses in
their consumption. This means that individuals may have multiple reference points
in their utility. In order to capture this behavior, we first assume that individuals are
identical and suffer a random loss following a Bernoulli distribution. Therefore, we
have two different groups of individuals: one group is in the loss state and the other

! See Ljungqvist and Uhlig (2000), Dupor and Liu (2003), Alonso-Carrera, Caballé, and Raurich
(2004, 2005, 2006), Abel (2005), Liu and Turnovsky (2005), and Turnovsky and Monteiro
(2007).

2 For example, see Abel (1990), Gali (1994), and Campbell and Cochrane (1999).

3 For example, see Fisher and Hof (2000).

To keep our focus on the consumption externality, we assume that no asymmetric informa-

tion exists in the insurance market.
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group is in the no-loss state. The group in the loss state will have less final wealth to
consume while the group in the no-loss state will have more final wealth to consume.
Second, we assume that in the representative agent’s utility function, there are three
reference points: the average per capita consumption, the per capita consumption of
the group in the loss state, and the per capita consumption of the group in the no-loss
state.

In this article, we first examine the two effects caused by relative consumption:
jealousy and “keeping up with the Joneses.” We measure jealousy and admiration
according to each reference point since we have three reference points rather than
one reference point in our utility setting. We define the individual’s preference in
terms of whether his or her utility exhibits jealousy (admiration) with regard to the
per capita consumption in the loss state [the per capita consumption in the no-loss
state, the average per capita consumption], if the marginal utility of the per capita
consumption in the loss state [the per capita consumption in the no-loss state, the
average per capita consumption] is negative (positive). Note that, in the article, we
allow the preference of the individual to exhibit jealousy in one state but to exhibit
admiration in the other state.

As regards “keeping up with the Joneses,” our definition is similar to, but not exactly
the same as, that in the literature. Researchers define “keeping up with the Joneses”
as meaning that an increase in per capita consumption will increase the individual’s
consumption level.®> In our model, the individual’s consumption level is affected by
his or her insurance decision. Thus, we pay attention to whether individuals change
their purchase of insurance coverage when other people increase their purchase of
insurance coverage, and we redefine “keeping up with the Joneses” as referring to
the case where an individual increases the amount of his or her insurance when
the amount of the insurance per capita increases. We find that jealousy does not
necessarily give rise to “keeping up with the Joneses.” The condition for “keeping up
with the Joneses” depends on how the change in the three reference points affects the
marginal rate of substitution between the individual’s consumption in the loss and
no-loss states.

Second, we seek to determine whether the equilibrium in the private market under
a consumption externality is socially optimal. If the optimal coverage in the private
market is less (greater) than the social optimum, we refer to this case as “equilibrium
under- (over-) insurance.” We find that jealousy is not able to generate equilibrium
underinsurance. The condition for equilibrium underinsurance depends on how the
change in the three reference points affects the individual’s utility. Note that we do
not assume that the individual utility function is measured by expected utility or is
separable as is commonly assumed in the literature. Our results hold for a large set of
individual preferences.

In the case where the utility of the individual is not related to average per capita
consumption, we find that the individual will be equilibrium underinsured if the
marginal rate of substitution between the consumption in the loss state and the per
capita consumption in the loss state is larger than that between the consumption in the

5 If the individual’s consumption decreases when per capita consumption increases, then the
individual’s preference exhibits “running away from the Joneses.”
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no-loss state and the per capita consumption in the no-loss state. It is very important
to note that equilibrium underinsurance cannot be determined by only the jealousy
preference. If the preference of the individual exhibits jealousy in both the loss state
and the no-loss state, then the individual may not be equilibrium underinsured. On
the other hand, even if the preference of the individual exhibits admiration in the loss
state or in the no-loss state, then the individual may still choose to be equilibrium
underinsured. Thus, we show that jealousy is neither a sufficient nor a necessary
condition for equilibrium underinsurance.

In the case where the average per capita consumption is the only source of the
consumption externality, we find that the optimum in the private insurance market
is also a social optimum if the insurance price is actuarially fair. Moreover, we find
that if the insurance price is actuarially unfair, the individual will be equilibrium
underinsured when the utility of the individual exhibits jealousy.

Finally, we demonstrate how the government corrects for the consumption externality
by providing tax deductions on the individual’s net losses and on the insurance
premium. To analyze how a social optimum under the consumption externality can
be reached, we focus on the case of equilibrium underinsurance.® We try to find the
optimal tax deduction rates for the individual’s net losses and insurance premium.
We find the condition for arriving at the private optimum to be the same as the social
optimum. Specifically, we find that, to correct for the consumption externality, the
optimal tax deduction rate on the individual’s net losses should be lower than the
optimal tax deduction rate on the insurance premium.

The remainder of the article proceeds as follows. The model is established in the
second section. “Keeping up with the Joneses” is then defined in the third section.
The condition of equilibrium underinsurance is derived in the fourth section. This is
followed by a further analysis of the optimal tax deduction. The final section concludes
the article.

MODEL SETTING

Assume that there exist many identical individuals with the endowment W. They
face a random loss L that follows a Bernoulli distribution with loss probability . The
individual can pay an insurance premium PQ to receive insurance coverage Q. In
addition, assume that 1 >P > 7, * which implies the assumption that the insurance
loading is greater than or equal to zero. Each individual has the same continuous and
differentiable utility function:

U(WL, WN,WaL,WaN,Wa), (1)
where Wi, Wy, War, Wan, and W4 are the c:omsumption8 in the loss state, the

consumption in the no-loss state, the per capita consumption in the loss state, the
per capita consumption in the no-loss state, and the average per capita consumption,

© The results in this article can also be applied to the case of equilibrium over-insurance.
71 >P is assumed to rule out the case where the insurance premium is larger than the
insurance coverage.
8 Here we assume that the individual will consume all his or her final wealth.
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respectively. Thus,

WL=W-L+Q-PQ, (2)
Wy =W-PQ, 3)
War=W-L+Qa—PQgy, “4)
Wan =W —PQa, )

and
Wa=W—-n(L—-Qa)—PQa, (6)

where Q4 is the per capita insurance coverage.

Our utility function U represents a general preference function and is similar to the
setting in Davidoff, Brown, and Diamond (2005) in the sense that it does not require
that the preferences satisfy the axioms for U as an expected utility. We do not require
separability among the individual’s own consumption in the loss and no-loss states
and the reference points. In the following, we use an expected utility framework to
illustrate the utility function U. For example, individuals may have

U(WL,WN,WarL, Wan,Wa) = mu(WL, War, Wan,Wa)
+(1 — m)u(Wn,War, Wan,Wa), (7)

where u is the utility function in the loss and no-loss states and depends on the
individual’s own consumption level at that state and the reference consumption
levels. Individuals could have different reference points or only one reference point
at different states. We illustrate some important examples in the following paragraphs.

Case I describes the situation where individuals care about average per capita con-
sumption but not the per capita consumption of the groups in the loss or no-loss
states. Thus, the individual’s expected utility could be written as

UWL, WN, WAL, WaAN,WA) = mu(WL,Wa) + (1 — m)u(WN,Wa), 8)

which is similar to the setting in Gali (1994).

Case II describes the situation where individuals care about the per capita consump-
tion level of those individuals “sitting in the same boat,” which means that the utility
of individuals in the loss (no-loss) state will be affected by the per capita consump-
tion of other individuals who are also in the loss (no-loss) state. Thus, the individual’s
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expected utility could be written as
U(WL, WN,WaL,Wan,Wa) = mu(WL,War) + (1 — m)u(Wn, Wan). ©)

Contrary to Case II, Case III describes the situation where individuals care about
the per capita consumption level of those “sitting in the other boat,” which means
that the utility of individuals in the loss (no-loss) state will be affected by the per
capita consumption of other individuals who are in the other state. The individual’s
expected utility could be written as

U(WL,WN,WaL, WaN,Wa) = mu(Wr, Wan) + (1 — m)u(Wn,WaL). (10)

Note that in Cases I, II, and III, the individual’s utility is measured by the expected
utility, which is a special case of Equation (1). Furthermore, the individual’s utility in
Cases II and III belongs to a state-dependent utility function whereas that in Case I
does not.

Assume that U is twice differentiable. Let U; denote the first derivative of the utility
function with respect to W;,i = L, N, AL, AN, and A. Furthermore, let Ui, denote the
derivative of U; with respect to Wj, i,j=1L,N,AL, AN, and A. Assume that Uy > 0
and Uy > 0, which means that an increase in the individual’s own consumption will
increase his or her utility.

We further characterize Ug; < 0 (Uar > 0) as meaning that the preference of the

individual exhibits jealousy (admiration) with regard to the per capita consumption

in the loss state. In Case II above, Ua;, < 0 (UL > 0) is equivalent to Mgvﬁv—’/y“) <0

( % > 0), which means that individuals in the loss state envy (admire) an

increase in the consumption of others who are also in the loss state. In Case Il above,
u(Wn,War) _ o (3M(WN,WAL)
oW, OWaL

Uar <0 (UaL > 0)is equivalent to > 0), which means that
individuals in the no-loss state will envy (admire) an increase in the consumption of
those suffering a loss.

Similar to the above definition, Ugn < 0 (Uan > 0) denotes that the preference of the
individual exhibits jealousy (admiration) with regard to the per capita consumption
in the no-loss state. Uy < 0 (Uag > 0) denotes that the preference of the individual
exhibits jealousy (admiration) with regard to the average per capita consumption.

We further assume that U + Uar > 0 and Uyn + Uan > 0, which indicates that
if every one at the same state increases consumption by one dollar, the individual
will be happy with the increase. These two conditions confine the decision makers
to a set where individuals care more about their own consumption than another’s
consumption although they could also be jealous.

The individual chooses Q to maximize U(W, Wy, War, Wan, Wa), taking War,
Wan, and Wy as given. Furthermore, it is assumed that U(Wr, Wn, WarL, Wan, Wa)
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is concave in Q to support the interior solution.’ Thus, the first-order condition is!°

(1 — P)U;, — PUy = 0. 11)

KEeePING UP WITH THE JONESES

In this section, we would like to examine the condition for “keeping up with the
Joneses.” As mentioned in the Introduction, we define “keeping up with the Joneses”
as %% > 0, which refers to the case where an increase in per capita insurance coverage
will increase the individual’s optimal choice of insurance coverage. This is not the
same as the traditional concept of “keeping up with the Joneses” because an increase
in Q increases the consumption of the individual in the loss state but decreases it in the
no-loss state. Furthermore, an increase in Q 4 does not necessarily result in an increase
in the reference consumption levels in our setting. From Equations (4) and (5), we
know that an increase in Q4 represents an increase in the per capita consumption
in the loss state and a decrease in the per capita consumption in the no-loss state.
From Equation (6), if the premium is unfair, i.e., P > &, then an increase in Q4 is the
same as a decrease in average per capita consumption. If the premium is fair, i.e., P =
7, then an increase in Q4 does not change the average per capita consumption. The
following theorem!! provides the condition for “keeping up with the Joneses”:

Theorem 1: % > (=,<) 0if

(1-P)[(1 = P)Ur,ar — PUNn,ar] — P [(1 — P)Up, an — PUN,aN]
+ (= P)[(1— P)Up 4~ PUn,4] > (=,<) 0

Proof: Define the left-hand side of Equation (11) as H(Q). Since the second-order
condition holds, then sign{&%} = sign{%}. Furthermore,

% = (1 - P)[Q1 = P)UL,aL — PUN,AL] — P[(1 — P)UL, AN — PUN,aN]-
+(r = P)[(1 = P)UL,a — PUN, 4]
Thus, %% > (=, <) 0if

(1-P)[(1—P)Ur,aL — PUn,aL] — P [(1 = P)Ur,an — PUn,aN]-
+(r = P)[(1= P)UL s~ PUn,a] > (=,<) 0 QE.D.

ULy >0,UL <0,and Uyy < 0, then U is concave in Q. Note that U, y = 0 if U is
additively separable between W; and Wy as in Cases I, II, and III.

10 Note that the second-order condition holds in (11) since the utility function of the individual
is assumed to be concave.

1 The discussion takes place under the general specification of the utility function U.
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It is very important to recognize that the condition of “keeping up with the Joneses”
is not the same as that of jealousy. Lemmas 1-3 further characterize “keeping up with
the Joneses” as shown below:

Lemma 1: If Uy a1 = Unarp =0and Up an = Unan =0, then

() %% — 0 when P = 7.
(ii) % > O0when P > and UyUp o — U Un 4 < 0.

Proof: From Theorem 1, given that U o4 = Unarp = 0and Up any = Unan =0,

355 = (= <0, if (r = P)(1 = P)Up,a — PUn,al > (=, <) 0. Thus, & = 0 when

P = w. On the other hand, when P > 7, 88 — > 0if 1 — P)Ur,a— PUna <O.
Note that P = ﬁ from Equation (11). Thus, % > 0 when P > 7 and UnUL, A
—UrlUn,a < 0. QE.D.

Lemma 1 discusses the case where the individual’s utility function is additively
separable between own consumption in both states and per capita consumption in the
loss state, and between own consumption in both states and per capita consumption
in the no-loss state. Case I referred to in the previous section is one of the examples
where Uy = Uan =0, implying that U 4 = Unap =0and Uy ay = Unan =0.
In Case I, the average per capita consumption is the only reference consumption.
Under an actuarially fair premium, an increase in per capita insurance coverage does
not have any influence on the average per capita consumption. Since the only source
of reference point does not change, the individual’s insurance decision will remain
the same. Thus, individuals will never try to “keep up with the Joneses” under an
actuarially fair premium.!?

On the other hand, if the premium is not fair, the condition for “keeping up with the
u
(=)
Joneses” becomes UnUp, 4 — UL Un 4 <0, which is equivalent to 35\}2 < 0.InCasel,

the above condition is equal to

Au(Wr,Wa) du(Wn, Wa)
ou(Wn,Wa) d ( WL ) B ou(Wr,Wa) d ( IWn ) 0 (12)
aWn oWy aWL, oW

12 Note that regardless of whether the individual is an expected utility maximizer or not, the
average per capita consumption will be W — 7L under an actuarially fair premium. On
the other hand, if the individual is an expected utility maximizer, then the individual will
demand full coverage under an actuarially fair premium. Thus, the individual’s expected
value of consumption will be equal to W — w L. Our Lemma 1 holds under the general
specification of the utility function U. Thus, the individual will not have any incentive to
keep up with the Joneses because the average per capita consumption is independent of Q4
and not because the individual purchases full coverage.
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Thus, even if individuals exhibit jealousy due to the increase in the average per capita

consumption level,! they may or may not increase their demand for insurance when

other people increase their purchase of coverage. This is an example showing that
only jealousy cannot ensure “keeping up with the Joneses.”

Lemma2: If Uy o=UNa=0, then % > 0 when
Uy (UNUr, AL — U Un,aL) — U (UNUp, an — UL Un,AN) > 0.

Proof: If U 4 = Upn,4 =0, then

oH

0. = (1-P)[(1 - P)Ur,aL — PUn,aL] — P[(1 — P)UL,an — PUN,aN].

Note that P = ﬁ from Equation (11). Thus,

9H 1 2
00A (UL T UN> [Un (UNUL, AL — ULUn,AL) — U (UNUL, an — ULUN, AN)] -

Therefore, % > 0if UN(UNUL,AL - ULUN,AL) — uL(uNuL,AN — ULUN,AN) > 0.
QED.

Lemma 2 analyzes the case where the individual’s utility is additively separable
between own consumption in both states and average per capita consumption. Cases
II and III are two examples where U4 = 0, implying that U 4 = U N, 4 = 0. Note that
UN(UNUL AL — uLuNAL) — UL(UNUL,AN — ULUN,AN) > 0 can be further rewritten

as Un 3(1,[\1, L) ur d([/léN ) > 0. Thus, the condition of “keeping up with the Joneses” is

correlated with whether an increase in W4y and Wy increases the marginal rate of
substitution between individual consumption in the loss state and in the no-loss state.

oL
For example, if ¥ > 0 and S(WL/I\;]N) < 0, then the condition of “keeping up with the

Joneses” always holds.

Lemma3: If U ao=UNa=0and U AN = UNAL—OthenT>OwhenuNzuLAL
+ U2 Unan > 0.

Proof: Lemma 3 immediately follows Lemma 2. Q.ED.

U1 AN =UnN AL =0means that the individual’s utility is additively separable between
the individual’s own consumption in the loss state and per capita consumption in

13 Specifically, in Case I, Uy < 0 is equivalent to 7 m +(1- )%W <0.
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the no-loss state, as well as between the individual’s own consumption in the no-
loss state and the per capita consumption in the loss state. Case II is one of the
examples described by Lemma 3. The condition shows that if U} 41 > 0and U N an

2 2
>0 (%M% > 0and %M > 0in Case II), then we could observe “keeping

up with the Joneses” in this case.

EQuILIBRIUM UNDERINSURANCE

In this section, we further examine whether the private optimal coverage is equal
to the social optimum. A benevolent social planner takes Q4 = Q and chooses Q to
maximize U(Wr, W, War, Wan, Wa). Thus, the first-order condition for a social
optimum is

1-P)Up — PUN+ (1= P)UgL — PUpan+ (m — P)Us = 0. (13)

Assume that the second-order condition holds to support the interior solution. By
comparing Equations (11) and (13), we can find the relationship between the optimum
in the private market and the social optimum as in the following theorem:

Theorem 2: The equilibrium of the private insurance market is smaller than (equal to, larger
than) the social optimum if (1 — P)Usp — PUaN + (m — P)Ua > (=, <) 0.

Proof: Let Q* denote the interior solution of Equation (11) under symmetric equi-
librium (Q4 = Q¥). Define the left-hand side of Equation (13) as I' (Q). Thus, from
Equations (11) and (13), T' (Q*) = (1 — P)Uar — PUaNn + (7 — p)U4. Therefore, T
(Q") > (=, <) 0 if 1 — P)Uar — PUaN + (m — P)Uy > (=, <) 0. If the second-order
condition holds, then I (Q*) > (=, <) 0 implies that the equilibrium in the private
insurance market is smaller than (equal to, larger than) the social optimum. Q.E.D.

The condition in Theorem 2 is determined by the sum of the last three terms in Equa-
tion (13). That is, not only the signs of the first derivatives of the utility function with
respect to the three reference points are important, but also the intensities of jealousy
or admiration with respect to the three reference points are crucial to equilibrium
underinsurance.'* The last three terms in Equation (13) represent the consumption
externality caused by the private insurance decision. Specifically, given that 1 >P >
7 > 0, the first (second, third) term in the condition is positive if and only if Ua; > 0
(Uan < 0and Uy < 0), respectively. If the individual purchases more insurance, then
he or she consumes more when the loss occurs but consumes less when the loss does
not occur. Note that Uy, > 0 (Uan < 0), respectively, indicates that the preference of
the individual exhibits admiration (jealousy) with regard to the consumption of other
people when they suffer a loss (do not suffer a loss). Thus, if the individual purchases

4 Even if the signs of the derivatives of the utility function U with respect to its three last
arguments were the same, the condition of Theorem 2 may not be determined. It shows
that both the sign and the intensity of jealousy and admiration are jointly essential to the
condition of Theorem 2.
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more insurance, the decision increases the utility of other people if Uy;, > 0 (Uan
< 0). Furthermore, since the insurance premium is actuarially unfair, an increase in
insurance decreases average per capita consumption and thus increases the other
people’s utility if Uy < 0, indicating that the preference of the individual exhibits
jealousy with regard to the average per capita consumption. To sum up, individuals
care about the level of other people’s consumption in the private market but fail to
note that the change in their own consumption level will also affect other people’s
utility. For example, if Ua;, > 0, Uan < 0,and Uy < 0, the individual fails to recognize
the positive consumption externality caused by his or her insurance decision. In the
following, let us use Lemmas 4, 5, and 6 to further elaborate Theorem 2.

Lemma 4: Given that Ua; = Uan =0,

(i) the equilibrium in the private insurance market is socially optimal if the price of the
insurance is actuarially fair (P = x);

(ii) the equilibrium in the private insurance market is smaller than the social opti-
mum if the price of the insurance is not actuarially fair (P > ) and Uy < 0.

Proof: If P = 7, then Equation (11) is identical to Equation (13) in the case where
Uar = Ugan = 0. Thus, the equilibrium in the private insurance market is socially
optimal. On the other hand, if P > 7 and Uy <0, then T (Q*) = (w — P)Ux > 0, given
that U, = Uan = 0. Q.E.D.

Lemma 4 discusses the case where individuals only take the average per capita
consumption level into account while making interpersonal comparisons. Case I
is one of the examples. In Lemma 4, we first show that, under the consumption
externality, the equilibrium of the private insurance market is socially optimal if the
price of the insurance is actuarially fair. The intuition is straightforward. If the price
of the insurance is actuarially fair, the average per capita consumption is fixed. Since
the decision regarding the insurance is not related to the source of the consumption
externality, the actuarially fair price eliminates the consumption externality. In our
model, it is not necessary for the individual to purchase full insurance when the
price of the insurance is actuarially fair. Thus, the actuarially fair price makes the
equilibrium in the private market socially optimal even if the optimal equilibrium in
the private insurance market does not represent full insurance.

In Lemma 4, we show that, under a consumption externality, the optimal insurance
quantity that a jealous individual purchases in the private market is lower than the
corresponding socially optimal insurance quantity if the price of the insurance is not
actuarially fair. Note that an increase in the amount of the insurance decreases the
average per capita consumption when the price of the insurance is not actuarially
fair. Since the individual exhibits jealousy in terms of his or her preference, an in-
crease in the insurance amount increases the utility of the individual through the
consumption externality. Thus, when the individual makes the insurance decision in
the private market, the individual will underinsure the loss because he or she ignores
the consumption externality.

Lemma 5: If Uy = 0, the equilibrium in the private insurance market is smaller than the
social optimum if uu—ALL > LI{I—/;SI.
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Proof: If Uy =0, T (Q*) = (1 — P)Uyr — PUyn. Note that (1 — P)U;, = PUy from
Equation (11). Since U}, > 0, Uy > 0, by dividing the two sides of (1 — P)Uar >PUan
by (1 — P)Uy and PUy, we can find that I' (Q*) > 0 if L > Y. QED.

Lemma 5 focuses on the cases where individuals care about other people’s consump-
tion levels in the loss and no-loss states but not the average per capita consumption
level while making interpersonal comparisons. Cases II and III are two examples.
From Lemma 5, we find that given that U4 = 0, jealousy is neither a sufficient nor a
necessary condition for the individual to be underinsured. Note that UU—"‘LL > lll,l_/;\?] may

not hold when Uy < 0 and Uay < 0. Uu—sz > uu—fj‘\?’ can still hold when Uy > 0 or

Uan > 0. Interestingly, UU—ALL > uu—/l‘\?’ always holds if U4;, > 0 and Uan < 0. In other
words, if the preference of the individual exhibits admiration with regard to the per
capita consumption in the loss state and jealousy in the per capita consumption in
the no-loss state, then the individual always equilibrium underinsures his or her own
loss.

It is very important to recognize that in the insurance market modeled in this case,
there are two sources of consumption externality, one being the loss state and the
other being the no-loss state. On the other hand, in the labor-consumption market
described by Dupor and Liu, there is only one source of consumption externality.
Thus, Dupor and Liu only need the condition of jealousy to determine the sign of the
equilibrium overconsumption, whereas we need to compare two marginal rates of
substitution to determine the results of the consumption externality in the insurance
market.

Lemma 6: If P = 7, the equilibrium in the private insurance market is smaller than the

social optimum if (1 — P)Uar — PUan > 0or %Ij% > uf;s’.

Proof: If P ==, ' (Q*) = (1 — P)Us; — PUxyn. Thus, from Lemma 5, it is obvious
that the condition for equilibrium underinsurance in this case is the same as in
Lemma 5. Q.E.D.

Lemma 6 provides an important result in that, under an actuarially fair premium,
the social planner might think that the individuals are either under- or overinsured.
Thus, a social welfare maximizing government would have an incentive to design a
mechanism to “correct” the coverage level, even if the insurance price in the private
market is actuarially fair.

Furthermore, we would like to show that a government might make individuals
better off by forcing those individuals to deviate from full coverage when the relative
consumption level could influence the individuals’ utility. Assume that U(Wp, W,
War, Wan, Wa) = mu(Wr, War, Wan, Wa) + (1 — m)u(Wn, War, Wan, Wa) as
in Equation (7). It is easy to show that the optimum in the private market is full
insurance if the insurance price is actuarially fair (P = ). In this case, we know that
the equilibrium in the private market is larger than the social optimum if (1 — 7)Uxy —
aUygn < 0. Thus, even though the individuals purchase full coverage, the optimum in
the private market is not socially optimal and the government may have an incentive
to push the individual away from full coverage in order to improve social welfare.
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OpPTIMAL TAX DEDUCTION

In this section, to analyze the intervention of the government, we will focus on the
cases where equilibrium underinsurance exists, i.e., (1 — P)Uar — PUaN + (7 — P)Ux
> 0. Assume that the government could provide individuals with a tax deduction. Two
types of tax deduction prevail in the insurance market. The first one is a tax deduction
for the insurance premium and the other is a tax deduction for the individual’s net
losses.!® Suppose that the government chooses to provide a tax deduction for both
the individual’s net losses and the insurance premium with tax deduction rates of
1>t;>0and 1 >ty > 0, respectively. The tax deduction is financed by a lump-sum
tax K. Thus,

We=W-(L-Q(1-#t)-PQ1-b)-K,
WnN=W-PQ(1—-1t)-K,
WaL =W —(L - Qa1 —-t)—-PQal-H)-K,
Wan=W—-PQa(l —t)—K, and
Wa=W-n(L - Qa1 —h)—-PQal—-t)—-K.
The individual chooses Q to maximize U(Wr, Wy, War, Wan, Wa), taking War,

Wan, Wa, t1, tp, and K as given. Again it is assumed that U(Wy, Wn, War, Wan, Wa)
is concave in Q. The first-order condition in the private insurance market is

[1-t —P(1—t)U, —[P(1—t)|Uy=0. (14)

Note that Equation (14) can never become Equation (13) if 1 = t,. Thus, we can
conclude that a tax deduction cannot correct the consumption externality if t; = f5.
In other words, the optimal tax deduction rates will never set t1 = t5.

By comparing Equation (14) with Equation (13), the optimal tax deduction is set as

—tUr, + PH(Ur + Un) = (1 — P)Uar — PUaN + (r — P)U4. (15)

(1-P)Ua —PUAN+(T—P)Ux +
P(UL+Un) P

positive under our assumption. The second term

From Equation (15), f = f1 > 0. The first term is

ur
(Ur+UN)
, m, is also positive. Since the
intercept of ¢; is positive and the optimal tax deduction rates will never set t1 = t5, t;
is always smaller than t, if the optimal tax deduction exists in the setting of 1 > t1 >

Oand1>tp > 0.

Dupor and Liu (2003) suggested that a tax on income be employed to correct for the
consumption externality caused by overconsumption. The intuition behind their sug-
gestion is straightforward. Since the individual overconsumes, an income tax could
reduce the individual’s optimal consumption in the private market. In our article,
we find that, to correct for the consumption externality caused by underinsurance,

15 As shown by Huang and Tzeng (2007b), the government relief can be modeled similar to
a tax deduction on the individual’s net losses. Thus, the result found in this section can be
applied to the government relief.
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the government should provide a larger tax deduction with regard to the insurance
premium (i.e., fp >t1). The intuition behind our proposal is also straightforward.
Since the individual underinsures, a tax deduction on the insurance premium could
increase the individual’s demand for insurance in the private market. Note that as
shown by Kaplow (1992b), a tax deduction in relation to the individual’s net losses
could reduce the demand for private insurance. Since we assume that the case in this
section is underinsurance, the government should try to set up a system to increase
rather than decrease the demand for private insurance.

CONCLUSIONS

In this article, we analyze the relationship between the consumption externality and
equilibrium underinsurance. In the case where the utility of the individual is not
related to average per capita consumption, we find that the individual will be equi-
librium underinsured if the marginal rate of substitution between the consumption
in the loss state and the per capita consumption in the loss state is larger than that
between the consumption in the no-loss state and the per capita consumption in the
no-loss state. We show that jealousy is neither a sufficient nor a necessary condition for
equilibrium underinsurance. In the case where the average per capita consumption is
the only source of the consumption externality and the insurance is actuarially unfair,
the individual will be equilibrium underinsured when the utility of the individual
exhibits jealousy.

Since the consumption externality could break down the social optimum and the
optimum in the private market, it provides room for the government to improve
social welfare. We thus identify the conditions for an optimal tax deduction. To be
specific, we show that, to correct for equilibrium underinsurance, the optimal tax
deduction rate with regard to the individual’s net losses should be lower than the
optimal tax deduction rate related to the insurance premium.

Our article contributes to the literature by linking the consumption externality with
the equilibrium underinsurance. Our results can hold for a generally large set of
individual preferences. We also provide workable mechanisms and identify the con-
ditions to enable the government to reach a social optimum. Since we do not assume
asymmetric information and individual heterogeneity, including these factors in the
model would be an obvious extension of our article. A dynamic model with an en-
dogenous labor supply could also be incorporated in a future study.
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