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On the use of intertemporal models to analyse
how post-loss and post no-loss insurance
demands differ

Richard Mumo*, John Boscoh H. Njagaraha®, Mercy K. Kiremu? and Richard Watt?

Abstract: A general problem in insurance economics is to establish how insurance
demand is affected by the size of the loss suffered in the previous period. This
problem lays out the underlying objective of this study, which examines how
insurance demand changes post-catastrophes, and how it can be theoretically
modelled. We present a basic theoretic model to examine how post-accident
insurance demand differs from post no-accident insurance demand. Our study first
explores post-loss insurance demand from a two-period perspective and then
examines how utility curvature parameters affect insurance demand across two
periods. In our simulation results, it is observed that the optimal insurance demand
with or without intertemporal consideration is the same in the absence of con-
sumption smoothing mechanism. In addition, the experience of having an accident
increases insurance purchases in the next period compared to when there was no
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Figure 1. Insured losses since
1970 (USD billion in 2021 prices).
Source: .swiss Re Institute
(2021)

accident in the previous period. In view of our findings, insurance stakeholders can
develop strategies designed to improve post-loss outcomes for insurance consu-
mers that include adequate coverage both after a loss and following a no-loss event
by better understanding how insurance demand changes post-loss. We note that
our proposition is limiting, but this limitation offers an interesting area of explora-
tion. More studies are thus encouraged to model explicitly the utility derived from
the wealth in the second period. In addition, further research is needed into the
effects of consumption decisions and how to solve the bivariate optimisation pro-
blem that results.

Subjects: Economic Theory & Philosophy; Microeconomics; Insurance

Keywords: Intertemporal model; insurance demand; post-catastrophe; optimal insurance

1. Introduction

The economic losses from disasters have been growing over time, largely due to the growth of
populations and investment in risk-prone locations. According to Holzheu and Turner (2018), under-
insurance of property risks is a global challenge, and natural catastrophe risks, which have steadily
risen at a rate of 9.1% from 1990 to 2015, account for a majority of this protection gap. In the last
40 years, an estimated USD 4 trillion has been lost to extreme natural disaster events, of which USD
2.9 trillion was caused by climate-related events, such as windstorms, floods, droughts, hail, and
brushfires, and USD 1.1 trillion by other natural catastrophes, such as earthquakes and tsunamis.
Examples include the 1994 Northridge earthquake in the United States, the 1995 Kobe earthquake in
Japan, the 2004 Indian Ocean earthquake that caused the Asian tsunami, Hurricane Katrina in 2005
in the United States, the 2011 earthquake and tsunami in New Zealand and Japan, and Hurricane
Harvey in 2017 in the United States. Swiss Re Institute (2021) sigma records confirm that insured
losses from natural disasters have continued a trend of steady increases of 5 — 6% per year over the
past few years. Even though insured losses and claims payments have increased significantly over the
years, the global property protection gap in disaster risk has steadily widened over the past half
century. For instance, the previous 10 years’ economic losses averaged USD 226 billion per year, but
only USD 86 billion were covered by insurance, as seen in Figure 1. This illustrates the large gap
between the total economic loss and the insurance coverage for disaster risks.

A better understanding of the factors contributing to underinsurance of risk, particularly in
residential property insurance, can narrow the insurance protection gap. Underinsurance can be
explained by a variety of factors, such as perceptions of risk, insurance knowledge, affordability,
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reliance on government post-disaster relief, distrust in insurers, and limited access to insurers
(Holzheu & Turner, 2018; Kusuma et al.,, 2019; Mumo & Watt, 2019). In addition, it is imperative to
understand the effects of disasters on insurance demand. These trends also highlight the impor-
tance of studies that can help build a better understanding of the effects of exposure to disasters.
This will in turn help in designing policies to increase insurance uptake and mitigate the impacts of
such disasters on the economy and society in general.

It is globally observed that a unique type of market adjustment occurs in the aftermath of a major
disaster event (Auffret, 2003; Born & Viscusi, 2006; Froot & O'Connell, 1999; Mumo & Watt, 2016). This
affects both the demand and supply sides of the insurance market. It is widely acknowledged that
post-loss experience influences insurance demand decisions, particularly in the insurance market for
catastrophe risks; for example, in California, prior to the 1989 San Francisco earthquake, 34% of
people considered earthquake insurance an unimportant undertaking. However, after the earth-
quake, only 5 percent held this opinion. Similarly, the occurrence of an earthquake increased insur-
ance demand, with 11% of previously uninsured individuals subscribing to an insurance contract
(Kunreuther, 1996). Theory and empirical analysis of the insurance markets suggests that riskier and
more uncertain markets are typically associated with an increase in insurance demand. According to
Ranger and Surminski (2013), this will continue at least until some local threshold is reached where
insurance affordability is jeopardized. For instance, Born and Viscusi (2006) explain how premiums for
catastrophe risk insurance typically increase dramatically when insurance and reinsurance firms
suffer significant loss claims after a natural disaster. The experience with loss events also influences
insurance demand behaviour, as numerous other studies have demonstrated. Several studies have
shown that higher prior flood damage increases insurance demand (Atreya et al., 2015; Gallagher,
2014; Kousky & Michel-Kerjan, 2017; Turner et al., 2014). A study by Browne and Hoyt (2000) shows
that flood insurance purchases are highly correlated with flood losses in the same region previously
affected by floods. This insurance demand behaviour is further explained by Cameron and Shah
(2012), who find that individuals who have recently experienced a disaster loss report higher
probabilities of catastrophic events in the subsequent years. Gallagher (2014) examines the
National Flood Insurance Program (NFIP) take-up in communities across the entire United States,
grouping many types of flood disasters. In his experiment, he finds an increase in take-up rates after
floods, which is consistent with a Bayesian learning model that incorporates forgetting. A study by
Kousky and Michel-Kerjan (2017) confirms that insurance purchase is linked to perceptions of disaster
likelihood and damage, and that these perceptions are based on a Bayesian process in which
individuals update beliefs from past experience. However, disaster experience is only one of many
factors that may influence insurance demand following a loss event (Bao et al., 2021; Kousky, 2011,
Robinson & Botzen, 2019).

The focus of this paper is to examine the effects generated by disaster experience (post-loss) from an
insurance demand-side standpoint and deduce a plausible reason why insurance demand for residen-
tial property may change after a catastrophic event. In this study, we hypothesized that regular
exposure to disasters would spur measures for prevention and thereby drive up insurance demand.
The paper aims to demonstrate how agents can maintain or modify insurance demand after the
occurrence of a loss or no-loss event based on a two-period intertemporal setting. This is done by an in-
depth analysis and discussion of the performance of the intertemporal insurance model that examines
insurance demand changes after a loss event experience. First, we examined the insurance demand
post-loss using a two-period intertemporal model, and then we analysed how insurance demand is
affected by risk aversion in different periods. In our model, we consider how loss experiences and
wealth effects affect risk aversion and insurance demand. We infer, based on only our simulation
results, that having an accident increases insurance purchases in the next period compared to when
there was no accident in the preceding period. The main results of the present study are in harmony
with the existing insurance literature that supports a negative income effect on insurance demand. This
is a remarkable characterization of insurance demand, one that fits with both standard insurance
economic theory and empirical observations from real-world insurance markets. An important aspect
of this study that makes it unique is that it examines both how insurance demand changes post-
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catastrophe and how it can be theoretically modeled via an intertemporal model. This differs funda-
mentally from existing studies, which mainly rely on laboratory experiments or empirical analysis.

Catastrophic events have a profound impact on society, and in previous studies (Benali & Feki,
2017; Estrada et al., 2015; McAneney et al., 2016), the total economic and insured losses due to
these events has increased substantially. In this light, one significant implication of our results is
that a better understanding of how insurance demand changes post-loss experience and what
kinds of behavioural factors drive these outcomes can help stakeholders (such as insurance
companies, agents, governments, and consumers) develop educational programs and strategies
to help improve post-loss outcomes for insurance consumers that include adequate coverage both
after a loss and following a no-loss event. The rest of this paper is organized as follows: Section 2
presents a review of the link between the past insurance demand models and the present study.
Section 3 presents the methodology, with sub-sections on the theory, the analytical framework,
and a numerical illustration of the intertemporal model. Section 4 gives a discussion of several
findings that can be drawn from the simulation results, and Section 5 concludes the paper.

2. Link between the past insurance demand models and the present study

Previous theories related to insurance demand focus on insurance in isolation using single-period
models. These static models assume that there is only one area of uncertainty in the insurance
demand analysis. Several pioneering studies (Arrow (1963), Arrow (1965), Dreze (1981), Mossin
(1968), Raviv (1979), and Smith (1968)) are credited for enormous contributions to the analysis of
insurance demand in a static setting. With such models, the question of the choice of the level of
insurance coverage is not a simple one. Mossin (1968) shows that it is not optimal to purchase full
insurance when the price of the insurance is not actuarially fair. These classical models of insurance
demand as described in a number of studies (Arrow (1965, 1974); Dreze (1981); Mossin (1968)) have
an important deficiency arising from their static features. One clear deficiency is that, in single period
models, wealth and consumption are presented by exactly the same variable. A second deficiency lies
in the fact that these models do not consider the post-loss implication for insurance demand in
a multi-period model with updated wealth. Briys et al. (1988); Dionne and Eeckhoudt (1984); Moffet
(1975, 1977) and Mayers and Smith (1983) introduced multiple sources of uncertainty in the analysis
of the demand for insurance. More specifically, Dionne and Eeckhoudt (1984); Moffet (1975, 1977)
provided joint analyses of the relationship between insurance and saving, and Dionne and Eeckhoudt
(1984) further provides two alternative conditions under which a separation theorem holds between
insurance and savings. Similarly, Mayers and Smith (1983) examined the interrelationship between
insurance holdings and other portfolio decisions and found that the combined analysis leads to
different predictions about insurance demand. Extending some of the results obtained by these
studies and using the notion of prudence as first introduced in (Eeckhoudt & Kimball, 1992; Kimball,
1991) documents a detailed impact of background risk on the optimal coverage.

Building on this new dynamic approach to insurance analyses, Gollier (2003a) examined a simple
consumption lifecycle model where the representative consumer faces a sequence of independent
risks over his lifetime. The implicit assumption made in this study is that the policyholders must
transform (immediately) the retained loss into a corresponding reduction in demand. This assumption
implies that utility for wealth, and the attitude towards risk, are constant over time. However, in the
real world, people mostly compensate losses to their wealth by reducing their savings or by borrowing
money rather than just reducing their demand over several periods. In (Gollier, 2002) it is shown that
a time-consistent cooperative multiplicity strategy provokes consumers to be much more risk sus-
ceptible than in the static version of the model. Because of time multiplicity, the attitude towards risk
on wealth and towards risk on consumption is not the same. Specifically, the aversion to risk on
wealth should be smaller than the aversion to risk on consumption. Meyer and Meyer (2004)
suggested that a lower degree of risk aversion for wealth in a multi-period setting translates to
depressed demand and welfare gains from insurance. Two reasons are given for these results. First,
consumers are keen to consume immediately rather than to perfectly smooth their consumption over
time, which implies that they do not adopt a perfect dynamic strategy. Second, they usually face cash
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constraints, and when funds are needed, policyholders cannot withdraw to compensate for the loss,
hence they are obliged to absorb incurred losses immediately. Gollier (2003a) concluded that the
ability of consumers to self-insure by accumulating wealth induces them to significantly reduce their
demand for insurance relative to what the classical model suggests. However, consumers have
a positive insurance demand when they have been unlucky enough to incur a sequence of accidents
in the recent past, which reduce their accumulated wealth. This observation is consistent with the
literature on insurance demand experiments to test availability heuristic role in the judgment of loss
probabilities (see, Kousky (2017); Laury et al. (2009)).

The model proposed in this analysis is in close agreement with the model by Cohen et al.
(2008) which examines the implications of a model for multi-period demand decisions on the
insurance market. Cohen et al. (2008) looked at the optimal insurance demand strategy of
a consumer for a three-year period when the consumer faces a risk of loss in each period.
Assuming that the estimated probability of incurring a loss is known and these losses in
successive periods are independent, they looked at a perfectly competitive insurance market
proposing insurance contracts at actuarially fair premiums corresponding to the estimated
expected loss. In this case, insurance contracts are subscribed for one period. Therefore, the
consumer has to choose an amount of coverage characterised by the indemnity and premium at
each period. Their study revealed that an agent is optimistic in the initial period and modifies risk
perception with respect to damages occurring or not.

This analysis takes into cognisant the existing different literature results and builds on this to
set up a dynamic intertemporal model. However, this is not the first study to do so. Other studies
have already considered and extended the analysis of insurance choices within the context of
a multi-period setting (Cohen et al. (2008), Cooper and Hayes (1987), Hofman and Peter (2016),
Peter (2017), Peter (2020), Schlesinger (2000), and Volkman-Wise (2015)). We notice that most of
these studies do not allow agents to transfer wealth between different periods and only consider
situations where consumers only differ in their accident probability. When considering the
proposed model, there are new contributions to the insurance dynamic aspects. Since there is
no consumption decision, the only effect of the first period decision on the second period
decision is through wealth, and all of the standard parameters in the second period like the
probability of loss, premium price etc. However, if we allow the free choice of the amount of
wealth the agents are allowed to keep and/or transfer, then savings and loans would be
essentially the same as consumption. Finally, the model provides a unique way to study the
effect of; increase in risk aversion on the insurance demand in different periods by analysing how
the local risk aversion changes based on the agent’s wealth effects and loss experience, and
increase in the premium on the insurance demand in different periods. In general, it is expected
that higher premiums result in lower demand, but a two-period intertemporal model incorporat-
ing residual wealth should generate interesting constraints on the demand responses. In the
end, this paper presents novel contributions beyond the current dynamic framework which only
observes that, risk-averse agents benefit not only from period-by-period events insurance, but
also from insurance against a bad risk in a loss event and being reclassified into a higher-risk
pool with an associated increased in premiums. This is an important extension to the current
literature on dynamic insurance models.

3. Methodology

3.1. The theory of the intertemporal model

The underlying research question in this paper is how the demand for insurance changes post-
catastrophe, and how to model it theoretically. To address this question, this paper proposes
an intertemporal dynamic model which significantly departs from the popular models in the
economic theory of insurance but utilises much of the existing literature findings (see, (Cohen
et al. (2008), Cooper and Hayes (1987), Schlesinger (2000), and Volkman-Wise (2015))). The
intertemporal dynamic model analyses the insurance consumption decision in an intertemporal

Page 5 of 18



Mumo et al., Cogent Economics & Finance (2022), 10: 2035493 O‘ZK;' Cogent Py economics & ﬁ nance

https://doi.org/10.1080/23322039.2022.2035493

setting where an agent is allowed to update insurance demand, initial wealth and a host of
other risk and consumption decision parameters in the subsequent periods. In the existing
results of income’s effect on insurance demand and intertemporal model, insurance can be
sought in two sequential periods of time, and at the second period, it is known whether or not
a loss event happened in period one. Thus, it is possible to model the demand for insurance in
period two conditional upon the loss event happening or not in period one. The model assumes
that for the first period and in successive periods the estimated probability of incurring losses
are independent. In essence, then, the intertemporal model of insurance is restricted to only
two periods, with an identical insurable risk in each period and identical insurance supply
characteristics in each period.

In period one, a decision is made on insurance, and then the period one risk is allowed to
play out. Any wealth that is not lost as uninsured losses or premium payments in period one is
passed to period two. Then, a decision is made on insurance in period two. It should be noted
that the period two decision is made with full information on both the amount of insurance
contracted in period one and the outcome of the period one contract, that is, if a loss occurs or
not. Since the inherited wealth in period two depends upon the insurance decision in period
one, it happens that the insurance decision in period two is expressible as a function of the
decision in period one. Therefore, in this model, it is easy to consider the comparison between
(i) period two insurance conditional upon a loss in period one and conditional upon no loss in
period one, and (ii) period two insurance (either with or without loss event in period one) and
the period one insurance demand. It turns out that the model is an interesting extension to the
standard model of insurance demand based on a single period and thus provides unique
contributions to the theory of insurance demand. Lastly, the results of this model provide
a natural theoretical way to establish how the demand for insurance is affected by the size
of the loss suffered in the previous period, that is the post-loss insurance demand. The pure
theoretical results are derived in the next section.

3.2. Analytical framework

Take an intertemporal perspective, with two consecutive periods as described in the preceding
section. In this study, the insurance demand strategy of an agent is examined over the course of
two consecutive time periods. In each period, a loss can occur, and insurance coverage can be
sought in both periods. Assume there exists an insurer willing to offer insurance contracts that
provide positive expected profit.! Assume the same loss in each period and that the individual
faces a risk of loss of amount L at each period. An insurance contract C;, where t = 1,2 is proposed
for one period. Thus, individuals have to make a decision on the choice of the amount of coverage
at each period.

Suppose that for each decision (insurance) period, the estimated probability of incurring a loss is
p and that losses in the consecutive periods are independent such that

P(lossatperiodt|lossinperiodt — 1) = p.

The outcome of the period one, a situation which is governed by chance, will impact upon the
choice to be made in period two. In the same way, the choice made in period one will impact upon
the choice made in period two. For instance, in a simple two-dimensional loss situation, in period
one a level of insurance coverage C; is purchased against a loss amount L that happens with
probability p. If C;<L, that is, partial coverage was purchased, and if the loss happens, then in
period two, wealth is lower than it would otherwise have been by the amount of uninsured losses.
This will impact upon the decision made in period two. Thus, in period two, the optimal insurance
choice, G, will be a function of (i) the size of loss in period one (at this point, either loss or no loss),
(ii) the amount of coverage in period one, and (iii) all the standard parameters in period two. The
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size of period one’s loss and the level of period one’s coverage will impact upon the level of initial
wealth in period two.

It is also assumed that w, denotes the amount of initial wealth in period one, such that; w} is
the level of initial period two wealth conditional upon a loss occurring in period one, and w3 is the
level of initial period two wealth conditional upon no loss occurring in period one. In both periods,
wealth is simply the residual wealth from the prior period (net of premium and loss) plus an
intertemporal static wage. Insurance is priced linearly, such that an indemnity of C costs qC, where
p<g<1 . The model also introduces an intertemporal preference parameter S, which is used to
measure period two utility in period one utility units.

Now, the consumer’s problem is to choose C; to maximise the function (1)

plu(wi —L+Ci(1—q))+B(pu(w; — L+ C3(1—q)) + (1 —p)u(w; — qC3))] +

(1—p)[u(ws —qC1) + B(pu(w; — L+ C5(1 - q)) + (1 — pu(w; — qG3))], (1)

where C, maximises

pu(wfz—L+Ci2(1fq)) +(17p)u(w"2 ~q6}). 2)

Since w"2 will be a function of C; for i = 1, 2, this is a problem that needs to be solved recursively
using backward induction. Starting then with the two optimisation problems in period two, this
gives optimal choice functions C5(C,). If a loss in period one leads to greater insurance in period
two than if no loss happened in period one, then C3(C1)>C%(Cy). Moreover, if a loss in period one
leads to more insurance in period two than what was purchased in period one, then it would see
that C3(Cq)>Cy.

Observation 1. If the consumer is only partially insured in period one, and a loss event does
happen, then initial wealth in period two would be lower by the amount of uninsured loss. So, by
under-insuring, the consumer causes a larger decrease in period two wealth when a loss happens
in period one, but a higher period two wealth if a loss does not happen in period one (since the
period one premium would be lower).

Standard Result: Under decreasing absolute risk aversion (DARA), Observation 1 would also
imply a greater demand for coverage in period two. But this is conditional on a loss happening in
period one, and partial coverage.

As an example, we use u(x) = ¥;"21, which is constant relative risk aversion (CRRA), and for
which u'(x) = xR, Starting with the period two choices; we need to choose C, to maximise

expression (2).

The first-order condition is expressed in equation (3)

= u(w, — qC)u' (W) — L+ C5(1 - q))
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_ (wh-q0)

(w, —L+C(1-q)

[ w-qg \T
W, -L+C(1-q))

R

<= cogent - economics & finance

3)

Thus, in this case, we get the expression presented in equation (4)

(p(l - q)>% W) —qC
w, —L+G(1-q)

q(1-p)

(w,-L+c-a)(

P (PA=)\ R
c— Wy — (5(173)> (wy L)

p(1—
q(1-

% . ) )
) C'2(1*Q)+QC'2:W'2*(

(e=9) "1-q)+q

pl-g\*
q(l—p)> W —1)

(4)

_1
If we set (P(l’q)) "=k, then the optimal insurance purchase in period two is expressed as shown in

) q(1-p)
equation (5);

W —kwy—L)
> k(1-q) +q

(5)

It can be noted that the only difference between the two options is the size of initial wealth, wi.

Thus, we now have equation (6);

0 1k
ow, k(1-q)+q’

(6)

Since the denominator of equation (6) is positive, the effect of larger initial wealth upon the
optimal insurance purchase is positive if k<1, and negative if k>1. We note that k>1 if
p(1 —q)<q(1 — p), in which case p<gq. This is the condition for positive insurer’s profits, so it should
be assumed to be so, in which case the greater C, is, the smaller w}, is. Assuming partial insurance

in period one, it is expected that w%<w§, that is, smaller initial period two wealth if a loss is
suffered in period one than if not. In this case, then, the period two insurance purchase is greater
after a period one loss has happened than when a period one loss did not happen.
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Figure 2. Three dimensional
plot of the ratios of premium
loading factor to the loss
probability.
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Figure 2 and 3 presents a three dimensional plot of the ratios of premium loading factor to the
loss probability. In this case, the loading factor indicates that insurance is priced linearly subject to
the condition that p<g<1.

The indirect utility function for period two can thus be written as in equation (7);

R

J ] o b —L+Ch(1—q) -1
pu(Wh —L+Ch(1-q)) + (1 - pu(w; - qC} ) _pWamtt ;(_R 9)
(wh—qC)" " -1
+(1—p)T
:Eu(w’2> @)

In order to continue, a proposition is made on how the period one outcome affects period two
initial wealth.

Proposition 1. Let w be a constant amount indicating the intertemporal wage. If savings are
rewarded with an interest rate of zero and that there is no consumption outside of insurance in
period one, then with the assumption that wealth is simply the residual wealth from the prior period
plus an intertemporal static wage, the proposition now leads to equations (8) and (9);

wi=wi +C(1-q)—L+w, (8)

w3 =w; —qCy +w. (9

When the period one insurance choice is made, the consumer now maximises the expected
utility function as in expression (10);

V=plu(w; —L+Ci(1—q) + pEu(w3))] + (1 — p) [u(w; — qCq) + BEu(w3)] (10)
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Figure 3. Comparison of loss (C})
and no loss (C?) against C;.
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The first-order condition associated with equation (10) can be simplified as given in equa-

tion (11);

P (”/(Wl LrGa-g)i-g) +ﬁ6E“(W%)8W%>

6W% dCl

2 2
+(1-p) <u'<W1 g0 (g +p TR O o)

aW% d C1 -

(11)

Using the specific utility function u(x) and its derivative, the expression V becomes V; given by,

~ R 1-R
A :p((wl—LJrCl‘l(_lEq))l R71+ﬂ (W%—LJrcl(;1 Q) - +(1- p)M )

1-R 1_ 2(1_ R_ 2_aC? _
+1-p) ((wlfqlc_lze ’1+ﬁ(p(W2 L+c21(qu)) L (1-p™ qlc_zl)? 1))

and the equation for first-order condition for minimisation becomes

0.9!

p(ws—L+Ci(1-9) "1 - +p(pwi ~L+Ci1-q) "(1+ 1 -a)5)
+(1-p)wh —ach) *(1-a5H) )1 - @) + (1 - p)((w: — aC1) *(-a)
+(pwh — L+ C31— >> 14— q)dwz)+<1—p><w2—qc2>*‘*(1—q§—fé)):o,

; wh—k(w) 1 _ w)—k(wy—L)
with C, W such that G; (1 q>+q

- (29

On substituting the terms of wl and w3 into expressions for C,, we obtain

WkWLcZ

k(1-q)+q and

(12)

(13)
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1
(w141 (1-q)—L+w)— ( ) Y (w4 Cr(1-q)-Lw)-L)
_1
R

( 1i> (14)

(W —qCr+w)— (5{1 ;) (W1 —qCy+w-L)

1
R
(ZS’Z;) (1-9)+q

a =

a -

We observe that, equations (10)-(14) are as a result of proposition 1 and its defining conditions (8)
and (9). In equation (14), we can see that the loss in period one leads to greater insurance in period
two than if no loss happened in period one, which means €3(C)>C3(C1). How much larger is C3 and
CZ will depend on the underlying utility curvature parameter R. We observe that when R is increased
k approaches one for p<g: More precisely R grows without bound (R — o) as k approaches 1 and in
this case C} and €4 approach L and the difference between C} and C3 approaches zero.

3.3. Numerical illustration of the intertemporal model

In this section, we demonstrate how insurance demand varies pre—and post-loss. The insurance
scenario described by the intertemporal framework model is simulated for the set of selected
hypothetical values and results are shown in the following scenario.

We now consider nominal values for the parameters defined in section 3.2 as presented in Table 1.

Then;

1

(100 + C1(1 — 0.5) — 40 + 10) — ((O sE 823)”) (100 + C1(1 — 0.5) — 40 + 10) — 40)
cl = _1
( ) 1-05)+05
— 29.898 — 0.10102C;.
100 — 0.5C; +10 — ((%) ’7> (100 - 0.5C; + 10 — 40)
=

0.4(1-0.5)\ 2
((055170,4;) )(1 —0.5)+0.5

=0.10102C; + 21.816.

Since C"2 depends on uncovered loss Cy, the illustration shows a comparison of loss (C%) and no
loss (C2) with and without intertemporal consideration respectively.

We now solve for the optimal value(s) of C;. Using the parameter values in Table 1, the expression
for V; as a function of insurance coverage with intertemporal consideration is plotted on Figure 4

We now compare the optimal values of V; (the case with intertemporal consideration) to the
optimal values of V; (for the case without intertemporal consideration) where,

1-R 1-R
vy — 04 ((100 — 40 + i(i . 0.5))'F - 1) (1-04) ((100 - ;).Ecg - 1>. (15)
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Table 1. Nominal values of the parameter

Parameter
Nominal value

Page 12 of 18



Mumo et al., Cogent Economics & Finance (2022), 10: 2035493
https://doi.org/10.1080/23322039.2022.2035493

Figure 4. Optimal insurance
coverage with intertemporal
consideration. The optimal value
is at C; ~ 24.992, at which point
the greatest expected utility is
valued at Vi ~ 1.8750. (The
interval of C; over which the
plotting is done was subdivided
1,000, 000 times to ensure that
an accurate value of the index of
C; is used to obtain the maxi-
mum value of V;).

Figure 5. Optimal insurance
coverage with intertemporal
consideration. The optimal value
is at C; ~ 24.992, at which point
the greatest expected utility is
valued at V5 ~ 0.98763.
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The graph of V; is indicated in Figure 5 with the greatest utility valued at V3 ~ 0.98763 which is
obtained at the optimal coverage of C; ~ 24.992.

4. Results and discussion

The properties of this model have been demonstrated both analytically and numerically that
C3(C1)>C3(C1) and how C, and relates to C;; this is also supported by the assumption of a CRRA
utility function. Results of the numerical simulation are indicated in Figures 4 and 5. It’s observed that
the optimal insurance demand with or without intertemporal consideration is at approximately
24.992. This is partly due to the lack of existence of a consumption smoothing mechanism. Future
studies can explore the effects of savings as a consumption smoothing mechanism, and then extend
the intertemporal model into more periods to determine what happens in general to the trend of
insurance purchases in the provision of coverage for both catastrophe and non-catastrophic losses.

Based on our derived model (for this example), taking into account the intertemporal nature
increases insurance demand. This can be illustrated by C} and C3
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Results of the numerical simulation in this analysis indicate that insurance demand increases
immediately after the loss event. In fact, it can be seen that the insurance demand after loss increases
by 9.5 percent (that is, from 24.992 to 27.373), and the demand if no loss falls by 2.6 percent (that is,
from 24.992 to 24.341). Based only upon our simulation results, we infer that the experience of having
an accident increasing insurance purchases in the next period relative to insurance purchases when in
the immediately prior period there was no accident. This is in line with standard insurance economic
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theory on insurance demand and empirical observations from real-world insurance markets, and also
supported by empirical work by Browne and Hoyt (2000) and Cameron and Shah (2012).

The present model only looked into the wealth in the second period with no consumption, that
is, simply the wealth of the first period minus loss plus income. However, there is still utility derived
from this wealth, but this model is restricted to solve insurance demand in an intertemporal
setting in absence of consumption choices. In any case, this utility cannot be consumption as
that would reduce the transferred wealth, but if we allow the free choice of the amount of wealth
the agents are allowed to keep and/or transfer, then savings and loans will be essentially the same
as consumption. However, since the wealth is evaluated through two utility functions, it is
ambiguous how the results translate to known comparative statics results. The present model
acknowledge the assumptions that no consumption and that the wealth in second period is the
inherited wealth from the prior period (net of premium and loss) plus an intertemporal static wage
are limiting and that there is a need for further theory to model explicitly the utility derived from
the wealth in the second period, further research is needed on this question. Additional research is
also needed on the effect of consumption decision and corresponding methodology to solve the
associated bivariate optimisation problem.

5. Conclusions

The focus of this paper was on the effects of post-loss experience from an insurance demand-side
perspective. Our main objective was to develop a theoretical model that helped to explain how
insurance demand is affected by the size of the loss suffered in the previous period, that is, the post-
loss insurance demand. First, we examined the insurance demand post-loss using a two-period
intertemporal model, and then we analysed how insurance demand is affected by risk aversion in
different periods. The model shows how loss experiences and wealth effects affect risk aversion and
changes in insurance demand. Based on only our simulation result, we infer that having an accident
leads to an increase in insurance purchases in the next period relative to insurance purchases when in
the immediately prior period there was no accident. The main results of the present study are in
harmony with the existing insurance literature that supports a negative income effect on insurance
demand. This is a remarkable characterization of insurance demand in line with standard insurance
economic theory and empirical observations from real-world insurance markets. One significant
implication of our results is that a better understanding of how insurance demand changes post-
loss experience and what kinds of behavioural factors drive these outcomes can help stakeholders
(such as insurance companies, agents, governments, and consumers) develop educational programs
and strategies to help improve post-loss outcomes for insurance consumers that include adequate
coverage both after a loss and following a no-loss event.

Finally, note that our proposition of no consumption and that the wealth in the second period is
the inherited wealth (net of premium and loss) plus an intertemporal static wage is limiting. This
limitation offers an interesting area of exploration. More studies are thus encouraged to model
explicitly the utility derived from the wealth in the second period. In addition, further research is
needed into the effects of consumption decisions and how to solve the bivariate optimization
problem that results.
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