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The Disadvantages of Aggregate Deductibles  
 

Alma Cohen•  
 

Abstract 
 This paper analyzes the choice of deductible in insurance contracts that 
insure against a risk that, as is common, might materialize more than once 
during the life of the policy. As was established by Arrow (1963), from the 
perspective of risk-bearing costs, the optimal contract is one that uses an 
aggregate deductible that applies to the aggregate losses incurred over the life of 
the policy. Aggregate deductibles, however, are uncommon in practice. This 
paper identifies two disadvantages that aggregate deductibles have. Aggregate 
deductibles are shown to produce higher expected verification costs and moral 
hazard costs than contracts that apply a per-loss deductible to each loss that 
occurs. I further show that each of these disadvantages can make an aggregate 
deductible contact overall undesirable. Using data from the automobile 
insurance market, I estimate that the verification costs disadvantage that 
aggregate deductibles have in this market is by itself sufficient to make them 
inferior, for plausible levels of policyholders’ risk-aversion, to the per-loss 
deductibles that are actually used. The results of the analysis can help explain 
the rare use of aggregate deductibles and, in addition, might explain why 
umbrella policies that cover all types of losses are rarely used.  
Keywords: insurance, deductible, moral hazard, verification. 
JEL classification: D89, G22. 
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1    Introduction  
 

One of the basic questions in the design of insurance contracts concerns the 
choice of deductibles. In most lines of insurance, losses of the type covered by the 
insurance policy can occur more than once during the life of a policy.1 This raises 
the question, which will be my focus here, whether deductibles should be applied 
to the aggregate losses during the life of the policy.  

Under a policy with an aggregate deductible, a deductible will be applied to 
the aggregate losses of the policyholder during the period covered by the policy; 
the insurer will cover the excess of these aggregate losses over the specified 
aggregate deductible. From the perspective of reducing risk-bearing costs, well-
known results in the economics of insurance (starting with the classic paper by 
Arrow (1963)) imply that an aggregate deductible would reduce the risk-bearing 
costs of the policyholder most effectively. To reduce their risk-bearing costs, 
policyholders would prefer to concentrate dollars of insurance coverage in states 
of the world in which aggregate losses are high. A policy with an aggregate 
deductible indeed would channel all insurance payments to those states of nature 
in which aggregate losses will be sufficiently high. 

As will be discussed later, there are some cases in which aggregate 
deductibles are used, notably reinsurance contracts and some types of health 
insurance.2  However, in most lines of insurance, aggregate deductibles are not 
used. Rather, the policies that are commonly used have a per-loss deductible 
under which the insurer will apply a deductible to each loss during the period of 
the policy. Per-loss deductibles are generally used in policies purchased by 
individuals, such as policies for automobile insurance, fire and homeowner 
insurance, and boat-owner insurance.3 Per-loss deductibles also dominate in the 
various lines of commercial property insurance and commercial liability 
insurance.4  

Given the optimality of aggregate deductibles in terms of risk-bearing costs, 
why are such deductibles uncommon in practice? The model developed in this 
paper identifies and analyzes two factors that can help explaining this observed 
pattern. In particular, it is shown that, compared with per-loss deductibles, 
aggregate deductibles might well increase the expected verification costs of the 
                                                           
1 In automobile insurance, for example, there are many cases in which policyholders have two or 
more claims during the year covered by the standard policy. See, e.g., Cohen (2001) 
2  See, e.g., Phifer (1996), Casse (1997). 
3 See Alliance of American Insurers (1998). This policy kit contains the insurance contracts and 
forms that are commonly used by insurers in each line of insurance.  
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insurer and the severity of the moral hazard problem and thus the expected value 
of total losses. Each of these advantages might be sufficient under some identified 
circumstances to make aggregate deductibles sub-optimal and, in particular, 
inferior to per-loss deductibles.   

The first disadvantage of aggregate deductibles that I analyze concerns 
verification costs. These are the costs that the insurer will have to bear upon the 
submission of a claim to verify (i) whether a damage of the type covered by the 
policy indeed occurred, and, if so, (ii) the magnitude of the damage. Because of 
the potential severity of the problem of false claims, it is generally recognized, as 
well as documented, that insurers must often incur substantial costs to verify 
submitted claims.5 While the theoretical literature has conducted some analysis of 
how administrative costs affect the design of insurance contracts (see, e.g., Bond 
and Crocker (1991), Huberman et al (1983), and Kaplow (1994)), such analysis 
generally either assumed that administrative costs are a function of the actuarial 
value of the policy or assumed that only one loss can occur over the life of the 
policy (or, equivalently, that there will be a fixed administrative cost if there are 
any losses during the policy). In contrast, I will consider here the case in which 
more than one loss can occur during the life of the policy and in which 
administrative costs will have to be incurred for each claim.  

In this setting of multiple potential claims, I show that an aggregate 
deductible will tend to have a verification costs disadvantage in the common case 
in which the distribution function of the damages in the event of a loss is 
declining so that small losses are more likely than large ones. I first analyze the 
case in which losses must be verified shortly after they are reported. For example, 
in automobile insurance or homeowners insurance (where aggregate deductibles 
are indeed not used), reports of a loss by policyholders need to be verified before 
the damage is fixed, as it would be difficult to assess what the damage was after it 
is fixed. Under a policy with an aggregate deductible, in the early stages of the 
period covered by the policy, policyholders will have an incentive to file claims 
also when losses are small to prepare for the possibility that the aggregate 
deductible threshold will be reached at later stages of the policy period. 
Furthermore, whenever the aggregate deductible is reached, the policyholder will 

                                                                                                                                                                                     
4  See Alliance of American Insurers (1998).  
5 See, e.g., Bond and Crocker (1997), Caron and Dionne (1997), Crocker and Morgan (1998), 
Crocker and Tennyson (1999), Cummins and Tennyson (1996), Picard (1996), and Smith and 
Wright (1992). For a comprehensive report on the vast literature on insurance fraud and 
verification, see Derrig (2001).   
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subsequently have an incentive to file claims even for very small losses (such as a 
trivial scratch to their car or trivial water damage to their home).  

In contrast, if a deductible is applied to each loss, policyholders will never file 
claims, and no verification costs will be incurred, in connection with small losses. 
Indeed, I show that the expected verification costs under any given contract with 
an aggregate deductible is higher than the expected verification costs under a 
contract with a per-loss deductible that provides the same actuarial value (i.e. 
offers the same expected insurance payments).  

I also examine the case in which verification of losses can be deferred until the 
end of the period covered by the policy, and I identify also for this case 
circumstances under which an aggregate deductible policy will produce higher 
expected verification costs than a per loss deductible policy that has the same 
actuarial value. I further show that the identified potential disadvantage of 
aggregate deductibles can outweigh their risk-bearing advantage and make them 
overall inferior to some per-loss deductibles.   

I then proceed to examine whether such verification-based inferiority of 
aggregate deductible is likely to arise under plausible circumstances by 
examining the conditions for it using actual data from the automobile insurance 
market. Estimating the distribution of losses and expected verification costs under 
both the per-loss deductible contracts that are used and under aggregate 
deductible contracts with the same actuarial value, I find that the per-loss 
deductible contracts are superior for policyholders with plausible degrees of risk-
aversion. 

The second potential disadvantage of aggregate deductibles that I identify 
concerns moral hazard. Much research has been done on how deductibles affect 
moral hazard.6 The standard setup in this literature is one in which only one 
claim might arise during the period covered by a policy, and the policyholder’s 
level of precautions affects the probability that such a claim will arise. However, 
the literature has not analyzed the issue on which my analysis focuses, namely 
how the choice of deductible affects precautions during the life of a policy when 
more than one loss might occur.   

Under a policy with a per-loss deductible, the policyholder will always have 
some incentive to take precautions throughout the period of the policy, even after 
one or more losses have occurred. In contrast, under a policy with an aggregate 
deductible, in the event that the aggregate deductible threshold is reached at any 
point in time during the life of the policy, the policyholder will subsequently have 
                                                           
6 Pioneering studies on this subject include Pauly (1968), Spence and Zeckhauser (1971), Shavell 
(1979). For an excellent recent survey, see Winter (2000).   
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no incentive to take any precautions whatsoever (as subsequent losses will be 
fully covered). It is shown that, if the marginal contribution of precautions 
declines at a sufficiently high rate with their level, which implies that it is 
relatively important to have the policyholder always take minimal precautions, 
aggregate deductible policies lead to a higher expected number of losses. 
Furthermore, it is shown that this disadvantage of aggregate deductibles might 
make them inferior to per-loss deductibles.  

To illustrate the moral hazard problem, consider insurance coverage for the 
loss of valuables on trips away from home. Because precautions by a policyholder 
are hard to verify, concerns about moral hazard arise. Under a policy with a per-
loss deductible, a policyholder whose watch was lost will continue to have an 
incentive to avoid another loss of another valuable later on. In contrast, under a 
policy with an aggregate deductible, once a golden watch is lost (assuming the 
value of the watch exceeds the aggregate deductible), the policyholder will have 
subsequently no incentive to take any precautions to avoid other losses of 
valuables. 

To look at another example where moral hazard might be important, consider 
coverage under health insurance policies for doctor office visits. Such contracts 
often provide only partial coverage for such expenses. When this is done, what is 
used is commonly not an aggregate deductible for such expenses but rather a 
deductible (a “co-insurance” payment) that is applied to each doctor visit. 
Whereas an aggregate deductible would better protect a policyholder against a 
negative health shock that increases the number of genuinely needed doctor 
office visits, such a deductible would introduce the possibility that, once it is 
reached, the policyholder will face no out-of-pocket costs whatsoever from 
additional doctor visits.  

The analysis of this paper can also contribute to explaining another puzzling 
feature of insurance practices -- the rare use of “umbrella” policies insuring 
policyholders against all the categories of risks that they face. Insurers generally 
sell separately policies for different categories of risk (say, automobile insurance, 
home insurance, etc.) rather than an “umbrella” policy covering all types of 
losses. This is the case even though many insurers offer a full line of policies for 
the different categories of losses and many individuals buy all their insurance 
coverage (but through a number of separate policies) from the same insurer. From 
the perspective of risk-bearing costs, such policies appear attractive. The 
established results in the literature following Arrow (1963) imply that from the 
perspective of risk-bearing costs it would be optimal to set a limit on the 
aggregate loss that an individual would have to bear. For this reason, the rare use 
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of umbrella policies has been viewed as a puzzling feature of the insurance 
landscape (see, e.g., Eeckhoudt and Gollier (1999), Gollier and Schlesinger (1995, 
1996)).  

The analysis of this paper, however, implies that considerations of 
verification costs and moral hazard might well make it undesirable to use an 
umbrella policy that covers the excess of aggregate losses from all categories over 
an aggregate deductible. Of course, individuals could be offered an umbrella 
policy with per-loss deductibles applied to each loss, with possibly different per-
loss deductibles applied to losses of different types. But such a structure would 
eliminate the reason why an umbrella policy seems to begin with attractive, 
which is the desire to cap the policyholder’s aggregate losses from all sources. 
Assuming that per-loss deductibles are to be applied, and given that in such a 
case it might be optimal to set a different level of per-loss deductible to different 
categories of losses, there will be no benefit from having all categories of risk 
bundled in one policy rather than simply having separate policies for different 
categories of risks. 

It should be noted that I do not attempt to analyze in this paper the optimal 
design of contacts that apply a deductible to each loss. What I wish to show is that 
verification costs and moral hazard costs can make aggregate deductible inferior 
to some alternative contracts. To this end, I will show that these problems can 
make aggregate deductible inferior to one simple type of per-loss deductible that 
is commonly used in practice – a uniform per-loss deductible under which the 
same deductible level is applied to each and every loss occurring during the life 
of the policy. Whether and to what extent insurers could do better than uniform 
per-loss deductibles is beyond the scope of the analysis. The demonstration of 
how uniform per-loss deductible dominates aggregate deductible in certain 
plausible circumstances is sufficient to explain on why aggregate deductibles are 
not used in such circumstances. 

The remainder of this paper is organized as follows. Section 2 presents the 
framework of analysis. Section 3 analyzes the verification costs disadvantage of 
aggregate deductibles, and section 4 analyzes their moral hazard disadvantage. 
Finally, Section 5 makes concluding remarks on how the results of the analysis 
can explain insurance practice. 
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2    Framework of Analysis 
 

2.1  Basic Setup 
 
The setup of the analysis is as follows. An agent (the “policyholder”) buys 

from an insurance company (the “insurer”) an insurance policy against losses of a 
certain kind in a certain period. The policyholder is risk-averse and has a utility 
function U , where U  and0>′ 0>′′U .  

I shall assume that the period covered by the policy is made of two sub-
periods, 1 and 2, in each of which a loss might occur. As will be clear from the 
analysis, it can be adjusted to apply to the case in which there are many such sub-
periods. I shall denote by  the loss (if any) in period i (i=1,2).  0≥ix

I assume that the realizations of x1 and x2 are distributed independently of 
each other.7 To abstract initially from considerations of moral hazard, I will 
assume that the probability of a loss in each period is the same and is 
exogenously given and unaffected by the design of the insurance policy 

. Section 4 will drop this assumption and focus on moral 
hazard considerations.   

( ) ( ) pxx =>=> 0Pr0Pr 21

In each of the two periods, if a loss occurs, the value of the loss will be 
distributed with a density function f(⋅), and a cumulative distribution function 
F(⋅). The density function f(⋅) is assumed to be continuous and positive in ),0( x  
and zero outside it.  For illustration purposes I shall throughout consider the 
common case in which the loss is distributed with an exponential distribution. I 
shall denote by ( 0| > )= xxEµ  the expected value of the loss in the event that a 
loss occurs. Thus, the expected value of the policyholder’s loss is pµ in each 
period, and the expected value of the policyholder’s aggregate losses in the two 
periods is 2pµ. 

I will also assume that insurers are risk-neutral and operate in a competitive 
market. Consequently, the price of any given insurance contract offered in the 
market (the premium) will be equal to the insurer’s expected cost. Because of the 
presence of the competition, the contract that will be used is such that, subject to 
the policyholder’s paying a premium equal to the insurer’s expected costs, will 
maximize the policyholder’s expected utility.  

                                                           
7 I also assume that  and are independently distributed of whatever other sources exist for 
fluctuations in the policyholder’s wealth. If  and are correlated with such sources, then the 
optimal design of the insurance policy will have to take into account “portfolio” consideration. 
See Mayers and Smith (1983) and Doherty and Schlesinger (1983). 

x1 x2

x1 x2

   

 6 
 



The expected cost of a policy to the insurer will be equal to the expected 
insurance payments to the policyholder –- that is, actuarial value of the policy –-
plus the insurer’s expected administrative costs. Because of the presence of 
administrative costs, the price of an insurance policy will always exceeds its 
actuarial value. Initially, to abstract from the effect of the type of deductible on 
verification costs, it will be assumed, as in Arrow (1963) and the literature 
following it, that expected administrative costs are a function of the policy’s 
actuarial value. This assumption, which rules out the plausible possibility that 
there are some fixed per claim administrative costs, will be dropped in section 3.  
 
2.2  Aggregate deductible contracts 

 
Under an insurance policy with an aggregate deductible, the policyholder 

will get from the insurer the excess of the total losses occurring during the policy 
period over a specified aggregate deductible D, where xD 2<0 < . Thus, under 
this policy, the total insurance payments will be 

 
( ) ( )0,,, 2121 DxxMaxDxxI A −+= . 

 
Accordingly, the actuarial value of the policy with an aggregate deductible D 

is 
 

(1) ( )( ) ( ) ( ) =>+−+>+= DxxDxxEDxxDxxIE A 21212121 |Pr,,  

( ) ( ) ( ) ( ) ( ) ( )∫∫
∞∞

+−−+−−=
DD

dxxfDxppdxxfDxpp 222111 11  

( ) ( ) ( ) ( ) ( ) ( )












−++−++ ∫ ∫∫ ∫
∞ ∞∞

− D

D

xD

dxdxxfxfDxxdxdxxfxfDxxp
0

212121
0

212121
2

2

. 

 
Denote by CA(D) the expected administrative costs to the insurer of a policy 

with an aggregate deductible, the premium to the policyholder will be:  
 

( ) ( ) ( )DCDEDP AAA += , 
 

and the expected utility under this contract will be: 
 

(2) ( ) ( ) ( )( )DxxDPWEUD AA ,min 21U +−−= . 
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2.3.  The Risk-Bearing Advantage of Aggregate Deductibles 
 

Lemma 1: If  (i) the expected administrative costs are a function only of the expected 
insurance payments, and (ii) the probability of an accident in each of the two period is not 
affected by the choice of policy, then, among the set of all possible policies with a given 
actuarial value, the expected utility of the policyholder will be highest under the policy 
with an aggregate deductible.  
 
Remark: This Lemma follows from the classic result of Arrow (1963).8 Arrow 
established that, under the above conditions, a policyholder’s expected utility will 
be maximized under a policy guaranteeing that the policyholder’s final wealth 
will not fall below a certain threshold in any state of nature. The intuition behind 
this result is that, assuming that any dollar of actuarial value has the same cost (in 
terms of the additional premium charged) to the policyholder, it would never be 
optimal to have the policyholder receive an insurance payment in a state of the 
world if the policyholder’s final wealth in another state of the world will be 
lower. For if that were the case, the policyholder’s expected utility would be 
raised by having dollars of insurance payments moved to the state of the world in 
which final wealth is lower (and thus marginal utility of money higher).  

In the setting under consideration, an aggregate deductible is the only one 
that never spends dollars of insurance payments when there are states of the 
world in which the policyholder’s final wealth is lower. In contrast, the 
disadvantage of a per-loss deductible is that it spends dollars of actuarial value in 
cases in which a loss occurs only in one sub-period, while leaving the 
policyholder with a lower final wealth in those states of the world in which such a 
loss occurs in both sub-periods of the policy. 
 
2.4   Per-Loss Deductibles  
 

In the following sections of the paper I will show that dropping the two 
assumptions in the statement of Lemma 1 introduces considerations that might 
well make it undesirable to use aggregate deductibles.  In particular, I will show 
that such considerations can make aggregate deducible inferior to per-loss 
contracts that apply some positive deductible to each and every loss occurring 
during the life of the policy. There are different ways in which such per-loss 
contract can be fashioned, and I will not attempt to rank them. Rather, to show 

                                                           
8 Arrow’s result was subsequently extended by many papers (see, e.g., Raviv (1979), Karni (1992), 
and Gollier and Schlesinger (1996)).  
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that verification and moral hazard considerations can make aggregate deductible 
contracts inferior to some per-loss contract, I will focus on comparing an 
aggregate deductible contract to a simple, and commonly used in practice, form 
of a per loss contracts – a uniform per-loss deductible policy under which the same 
deductible is applied to the loss if any occurring in each period. Below I will refer 
to such a conventional contract as a contract with a per-loss deductible.   

Accordingly, under an insurance policy with a per-loss deductible, the 
policyholder will get from the insurer, for any loss that occurs, the excess (if any) 
of the loss over a specified deductible level d, where xd <<0 . Thus, under this 
policy, the total insurance payments during the life of the policy (if any) will be 

 
( ) ( ) ( )0,0,,, 2121 dxMaxdxMaxdxxI L −+−= . 

 
Accordingly, the actuarial value of this policy (that is, the expected insurance 

payments under the policy) will be: 
 

(3) ( )( ) ( ) ( ) ( ) ( ) =>−⋅>+>−⋅>= dxdxEdxdxdxEdxdxxIE L 22211121 |Pr|Pr,,  

( ) ( ) ( ) ( )∫ ∫
∞ ∞

−+−=
d d

dxxfdxpdxxfdxp 222111 . 

 
Denoting by  the expected administrative costs to the insurer of a policy 

with a per-loss deductible, the premium charged to the policyholder will be:  
(dCL )

 
 

( ) ( ) ( )dCdEdP LLL +=  
 

and the policyholder’s expected utility under this per-loss deductible contract will 
be: 

 
(4) ( ) ( ) ( ) ( )( )dxdxdPWEUd LL ,min,min 21U −−−= . 

 
It is important to observe that, for any given contract with an aggregate 

deductible, there exists a contract with a per loss deductible that has the same 
actuarial value. The following result establishes this and characterizes this 
actuarially equivalent contract.  
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Lemma 2: For any policy with an aggregate deductible D, there exists a (unique) policy 
with a per-loss deductible d that has the same actuarial value, with the level of d satisfying 

. DdD <<5.0
 
Proof: Let us first show that for Dd 5.0=  the value of (1) is smaller than the value 
of (3). To see this, let us show that, if D5.0d = , then any case in which the policy 
with an aggregate deductible D will call for payment, the policy with a per-loss 
deductible will also call for the same or higher payment. If , so that 
payment will be made under the aggregate deductible policy, then there will be 
two cases.  Suppose first that both losses  exceed , i.e., d. In this case, the 
per-loss deductible policy will call for a payment (x1-d)+(x2-d)= x1+x2-2d, which is 
the same as under the aggregate deductible policy.  

Dxx >+ 21

x x1 2, D5.0

The second case is that in which one of the losses exceeds d and the other 
does not, and suppose without loss of generality that  and . In this 
case the payment under the per-loss policy will be higher than (x1-d)+(x2-d)= 
x1+x2-2d, which will be the payment under the aggregate deductible policy. 

dx >1 dx <2

Next let us show that, for Dd = , the value of (1) is higher than the value of 
(3). To see this, suppose that Dd = . Under this assumption, in any case in which 
the per-loss deductible policy will produce a payment, the aggregate deductible 
policy will produce the same or higher. If dxx >+ 21 , then there are two cases.  
Suppose first that both losses  exceed d. In this case, the per-loss deductible 
policy will call for a payment (x1-d)+(x2-d)= x1+x2-2d, which is smaller than the 
aggregate deductible policy. The second case is that in which one of the losses 
exceeds d and the other does not, and suppose without loss of generality that 

 and . In this case, the payment under the per-loss deductible policy 
will be lower than , which will be the payment under the aggregate 
deductible policy. 

x x1 2,

dx >1 dx <2

dxx −+ 21

Having seen that the value of (1) exceeds the value of (3) for , and 
that the value of (1) is lower than the value of (3) for 

Dd 5.0=
Dd = , and since (1) is a 

continuous and increasing function of d, we get that for the values of (3) and (1) to 
equal, d must be between 0.5D and D.        Q.E.D 

   
3   Verification Costs 
 

Thus far I have assumed that the size of administrative costs is completely 
determined by the actuarial value of the policy and is thus unaffected by the type 
of deductible used. I now turn to examine how the size of expected 
administrative costs might depend on the type of deductible used. In particular, I 

   

 10 
 



will focus on per-claim administrative costs that the insurer will have to bear to 
verify for each claim the occurrence of a loss and its magnitude. Following Gollier 
(1987), I will assume that there is a fixed verification cost that will have to be 
incurred for each claim if the insurer wishes to establish the existence and 
magnitude of the loss. I also will assume without loss of generality that these per 
claim costs are the only administrative costs that the insurer might have to bear; 
the results would be the same if one were to assume that these per claims costs 
came on top of some other administrative costs that were a function of the 
actuarial value of the policy (and thus the same for any two policies with the 
same actuarial value).  

The analysis below will initially focus on the common case in which 
verification costs must be incurred shortly upon the occurrence of the loss and 
cannot be deferred to the end of the policy period. In the case of a damage 
suffered by an automobile, for example, it would be normally difficult, if not 
impossible, to verify a claim after the damage to the automobile is repaired. For 
this reason, all verification and assessment must be made right after the reporting 
of a loss and only then the policyholder is allowed to fix the damage. Section D 
extends the analysis to cases in which verification costs can be deferred until the 
end of the policy period. 

 
3.1  The Disadvantage of Aggregate Deductibles 

  
Let us consider the expected verification costs under an aggregate deductible 

policy in the case in which verification cannot be deferred to the end of the policy 
period. Under an aggregate deductible D, the policyholder will submit any claim 
that will occur in the first period.9 Reporting each loss occurring in the first period 
has a positive expected value even if the loss is small, because even a small loss 
will be ultimately covered in the event that the aggregate deductible will be 
reached in the second period. In the second period, of course, reporting will occur 
only if the aggregate deductible is indeed reached. Accordingly, the expected 
value of verification costs will be: 

 
(5) ( ) ( ) ( ) ( )( )0Pr0Pr 2211 >∩>++>= xDxxcxcDAC . 

 

                                                           
9 Not necessarily true if the policyholder also bears cost in submitting a claim. In this case 
submitting a claim below the level of the deductible that occur in the first period is a gamble to 
the policyholder. 
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Let us now consider the expected verification costs under a policy with a per-
loss deductible d. Under this policy, since the policyholder will submit claims 
only if doing so will produce a positive gain, the policyholder will report in each 
period only losses that exceed the per-loss deductible d. Accordingly, the 
expected verification costs will be: 

 
(6) ( ) ( ) ( )dxcdxcdCL >+>= 21 PrPr . 

 
In comparing the expected verification costs under an aggregate deductible 

policy and under a per-loss policy that has the same actuarial value, I am focusing 
on the common case in which the density function f(y) is declining -- that is, the 
case in which, when a loss happens, small losses are more likely than large losses. 
For this common case, the following sharp result can be established: 

 
Proposition 1: If the density function of the value of the loss, when a loss occurs, is 
decreasing, then any given policy with an aggregate deductible will involve higher 
expected verification costs than a policy with a per-loss deductible that has the same 
actuarial value. 
 
Remark: The intuition behind this result is as follows. Under the policy with a 
per-loss deductible, the policyholder will never report small losses but will report 
only those losses that exceed the per-loss deductible level d. In contrast, under the 
policy with an aggregate deductible, the policyholder will submit any claim in the 
event of a loss in the first period, because verification costs by the insurance 
company must be incurred shortly after the loss occurs. Furthermore, the 
policyholder might report small losses even in the second period (if the aggregate 
deductible was reached in the first period). When small losses are more likely 
than large ones, the fact that the aggregate policy induces a significant reporting 
of such losses is what makes this policy more costly in terms of verification costs. 

 
Proof: Let us assume that d and D are such that ( ) ( )dEDE LA = , and let us show 
that . Since C  declines when x increases (see (6)), and since 

, C  must be smaller than 
( ) (dCDC LA >

d2 ( )DA

) ( )xA

D < ( )dA 2C . Thus, we have: 
 

 (7) ( ) ( ) ( ) ( ) =−>− dCdCdCDC LALA 2  
 

= ( ) ( ) ( )( )( ) ( ) ( )( )dxdxcxdxxx >c +>−>∩>++> 212211 PrPr02Pr0Pr = 
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And since each of the two terms on the right-hand size of (8) must be positive, 

 must exceed C  and the proposition is proved.  Q.E.D ( )DCA ( )dL

 
 
3.2   The Possible Overall Inferiority of an Aggregate Deductible  
 
Proposition 2: For any given policy with an aggregate deductible, the expected utility of 
the policyholder will be larger under a policy with a per-loss deductible and the same 
actuarial value if the cost c of verifying a claim is sufficiently large. 
 
Remark: The intuition for this result is as follows. The expected administrative 
costs of the policy with an aggregate deductible are higher than those of the per-
loss deductible policy by an amount that increases without bound in c. Since these 
higher administrative costs are borne by the policyholder, a sufficiently large c 
will erode any given advantage that the aggregate deductible policy has in terms 
of risk-bearing costs. 
 
Proof: From the proof of proposition 1, it follows that ( ) (dCD LA − )C  is greater 
than the second term on the right-hand side of (8), which increases linearly and 
without bound with c. It follows that, if c is increased sufficiently, ( ) ( )dCD LCA −  
can be made higher than any given value. It follows, specifically, that c can be set 
so that C  will exceed ( ) (dCD LA − ) Dd −2 . In this case, the additional price 
required for the aggregate deductible policy D will be such that the policyholder’s 

                                                           

10 Since the density function is a decreasing function,  must be positive. ∫ ∫−
d d

d

dxxfdxxf
0

2

)()(
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final wealth will be lower under the aggregate deductible policy than under the 
per-loss deductible policy in every state of nature (i.e., any realization of x1 and 
x2).            Q.E.D 
 
3.3  Illustration and Assessment Using Automobile Insurance Data 
 

Below I use insurance data to get a sense of the magnitude of the verification 
costs disadvantage of aggregate deductibles and of whether it could make them 
inferior to a per loss deductible. To this end, I use data from the automobile 
insurance market to examine whether it is plausible to expect that the magnitude 
of the verification disadvantage is sufficient to make aggregate deductibles 
overall inferior for risk-averse policyholders.  

I use data that I received from an insurance company that operates in the 
market for automobile insurance in Israel. The data contains information about 
216,524 policies, and about 111,138 different policyholders, for the years 1995-
1999. As is conventional in this market, all the policies sold by the insurer use a 
per-loss deductible. The data includes for each policy all the information known 
by the insurer about the policyholder and about the claim history of the policy, 
including the policyholder’s demographic characteristics, the characteristics of 
the policyholder’s car, the insurer’s information about the policyholder’s past 
driving experience, the level of the deductible, and each of the claims reported 
and the amount paid by the insurer.11  

 A study of this data indicates that the distribution of the damages in the 
event of an accident can be reasonably well approximated by an exponential 
distribution. Assuming an exponential distribution, the expected verification 
costs under a policy with a per-loss deductible d can be calculated to be: 

 

(9) ( ) µ
d

L ecpd
−

⋅= 2C , 
 
    where d is the level of deductible and µ is the mean of the damage 

distribution. I used for c the estimate of the per-claim administrative costs given 
by the company, and I calculated the expected verification costs of average policy 
in my data.   

Given the exponential distribution of damage, it can be shown that, for any 
given per-loss policy d, the aggregate deductible policy D that has the same 
actuarial value must satisfy:   
                                                           
11 The data is described in fuller detail in Cohen (2001)). 
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(10) 
µ
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2
1 pDdD

+=
−

e  . 

 
 The expected verification costs under this policy are given by: 

 

( ) ( ) )1(1 2 ++−+=
−−

µ
µµ DecpepcpcpDC
DD
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or, after rearrangement, 

 

(11) ( )
µ
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A

−−
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After some algebraic rearrangement, the ratio of expected verification costs 

under the two policies is: 

( ) 
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−

µ
µ Dpe

DC D
A 11
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I calculate that, for the average policy, a move to a policy with an aggregate 

deductible and the same actuarial value will increase expected verification costs 
by about one third.  

I now proceed to examine how likely it is that this verification costs 
disadvantage of aggregated deductibles would by itself outweigh the risk-bearing 
considerations and make the per-loss deductibles used superior to aggregate 
deductibles. In doing so I will assume below that the policyholders have a 
constant-absolute risk-aversion utility function (see Bell and Fishburn (2000)) of 

. With this added assumption, it can be shown that the expected utility of a 
policyholder under a per-loss deductible policy will be higher than under the 
aggregate deductible policy that has the same actuarial value if  

axe−−

 
( ) ( ) ( )( )( ) ( ) ( )( )( )DxxDCPWadxdxdCPWa AL eEeE ,min,min,min 2121 +−−−−−−−−− −>− , 

 
which, after rearrangement, yields  
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For the average policy in my data, this condition (13) is satisfied as long as the 

risk-aversion coefficient a is less than about 1. Since the coefficient of absolute risk 
aversion is sensitive to the monetary units used, let us examine this threshold in 
light of the monetary units used for the above calculations. It can be calculated, 
given the units used, that a level above 1 for the coefficient a would imply that the 
policyholder would prefer paying 10 times the level of expected damages in 
terms of a premium over bear the actual level of damages. This appears to be a 
very high if not implausible degree of risk-aversion. Therefore, it seems likely that 
the per-loss deductible policies used by the considered insurance company were 
indeed superior to the (actuarially equivalent) aggregate deductible policies for 
the vast majority of the policyholders.  
 
3.4   Verification at the End of the Policy Period  

 
Let us suppose that the occurrence and magnitude of a loss do not need to be 

verified right away but can be also verified at the end of the policy period. In 
such a case, the insurer can defer verifying a first-period loss until the end of the 
policy’s second period. This deferral might reduce the expected verification costs 
of an aggregate deductible policy. Under such a policy, such deferral would 
enable avoiding verification costs for small first-period losses when the second 
period does not bring total losses to the aggregate deductible threshold. That is, 
there will be verification costs incurred in connection with a loss smaller than D 
in first-period only if there is a loss in the second period and . Dxx >+ 21

Thus, under a policy with an aggregate deductible D, the insurer will expend 
resources to verify a first-period loss only if  (there is a loss) and . 
Thus, the expected verification costs will be reduced compared with (5) to the 
level of:  

01 >x Dxx >+ 21

 
(14) ( ) ( )( ) ( ) ( )( )+=∩>+=∩> 0Pr0Pr 1221 xDxcxDxc  

 
( ) ( ) ( )( )00Pr2 2121 >∩>∩>++ xxDxxc . 
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The question that arises now is how the possibility of verification at the end 

of the policy period affects the comparison between the two types of deductibles 
in terms of verification costs. For a preliminary exploration of this extension, let 
us focus on the exponential distribution case. For this standard case, the 
proposition below indicates that, even if verification can be deferred to the end 
of the policy period, an aggregate deductible policy will still have a disadvantage 
in terms of expected verification costs.12  
 
Proposition 3: In the exponential distribution case, if verification costs can be deferred 
to the end of the period, then the expected verification costs of a policy with an aggregate 
deductible will always be higher than those of a policy with a per-loss deductible that has 
the same actuarial value.  
 
Proof: In the case under consideration, the expected verification costs under a 
policy with a per-loss deductible d are: 
 

(15) ( ) ( ) µµµ
ddd

L ecpeppecpd
2

22)1(12
−−−

+












−+−⋅=C  

And the expected verification costs under a policy with an aggregate deductible 
D are: 

 

(16) ( ) ( ) )1(212 2 ++−=
−−

µ
µµ DecpepcpDC
DD

A . 

 
Comparing (15) with (16) and rearranging terms, I find that C  if an 
only if  

( ) ( )DCd AL <

 

)1(
µ

µµ pDee
Dd

+<
−−

 

 
Using the relationship between d and D that must be satisfied for actuarial 
equivalence (see (10)), and rearranging terms, we get that  is always 
smaller than C , which complete the proof.    Q.E.D. 

(dCL )

                                                          

( )DA

 
12 I conjecture that this result holds generally for distribution functions that are continuous and 
declining. Proving this conjecture is left for future research.  
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4   Moral Hazard  
 
Thus far I have put aside the question of moral hazard by assuming that the 

choice of deductible does not affect the probability of a loss in each period. The 
moral hazard issue is of course important and has been the subject of a large 
literature (see Winter (2000) for a survey)). I now turn to examine the effects of the 
type of deductible used on the severity of the moral hazard problem. 

To do this, I will drop the assumption that p, the probability of loss in any 
given period, is exogenously given. Instead, I will allow p to be a function of e, the 
policyholder’s precautions (measured in the monetary units) in the relevant 
period. Precautions reduce the probability of a loss: ( ) 0<′ ep . It will be assumed, 
as is conventional, that . I will denote by ( ) 0>′′ ep ( )0max pp =  the probability of a 
loss in the absence of any precautions, and by ( )ep∞p e→= limmin the level of p, 
(whether 0 or some positive number above 0), which represents the lower bound 
below which p cannot be reduced however large the level of precautions. Finally, 
to focus below on the potential moral hazard disadvantage of aggregate 
deductibles, I will put aside the verification costs disadvantage by assuming that 
there are no fixed per claim verification costs and that all administrative costs are 
a function of the actuarial value of the policy. 

 
4.1 The Disadvantage of Aggregate Deductibles 

 
I will now assess the levels of precautions and the expected number of losses 

under a policy with an aggregate deductible D. My analysis below will focus on 
the case, which might well be common, in which the marginal contribution of 
precautions declines quickly. This is the case in which the most important 
contribution of the policyholder’s precautions comes already with a relatively 
small level of precautions or, in other words, the case in which a zero level of 
precautions is especially detrimental. (For example, in the case of policy covering 
the loss of valuable in trips away from home, leaving valuables unattended in the 
public domain (which can be avoided at little cost) would have an especially 
detrimental effect on the likelihood of a loss.)  

As the proposition below establishes, comparing any given contract with an 
aggregate deductible D and a given contract with a per loss deductible d, the 
former will produce a higher expected number of accidents if the marginal 
contribution of precautions declines quickly enough.  
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Proposition 4: For any given policy with an aggregate deductible D and any given 
policy with a per-loss deductible Dd < , if –[ ( )ep ′′ / ( )ep′ ] is sufficiently large throughout, 
then the expected number of losses under the former policy will be higher than the 
expected number of losses under the latter policy.13 

 
Remark: The intuition behind this result, which is proved in the Appendix, is as 
follows. Under the policy with an aggregate deductible D, the policyholder might 
end up taking no precautions whatsoever in the second period. This will occur if 
the aggregate deductible threshold is reached in the first period, in which case the 
policyholder will face in the second period a full insurance coverage for any loss 
that might occur. When it is important to have the policyholder always take at 
least some minimal precautions, a significant cost of an aggregate deductible 
policy will arise from the fact that it might lead to a situation in which the 
policyholder will take no precautions in the second period. In contrast, under the 
policy with a per-loss deductible d, however small d might be, the policyholder 
will never face in the second period a complete coverage for losses and therefore 
will always take some precautions in both periods.  
 
4.2   The Possible Overall Inferiority of an Aggregate Deductible 

  
As the next result indicates the identified disadvantage of aggregate 

deductibles can make them inferior to some contract with a per-loss deductible.    
 

Proposition 5: For any given policy with an aggregate deductible D, the expected utility 
of the policyholder will be lower under it than under some policy with a per-loss 
deductible if –[ / ] is sufficiently large.  ( )ep ′′ ( )ep′
 
Remark: The intuition behind this result, which is proved in the Appendix, is as 
follows. In terms of moral hazard, the preceding proposition 4 implies that, for 
any given policy with an aggregate deductible D and any given policy with a per-
loss deductible , the former will result in a smaller expected number of 
losses if the marginal contribution of precautions declines sufficiently quickly. 
Note that this implies that this superiority of a per-loss deductible policy in terms 
of moral hazard will hold, if the marginal contribution of precautions declines 
sufficiently quickly, even for a per-loss deductible policy with a very small d. In 

Dd <

                                                           
13 For example, a functional form that would satisfy such a condition is:  

minminmax )(exp)( pppep e +−= −λ , where λ is sufficiently large.  
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such a case, with a sufficiently small level of d, the per-loss deductible policy will 
be superior to the aggregate deductible policy also in terms of the policyholder’s 
risk-bearing costs, because a policy with a sufficiently small per-loss deductible d 
will leave the policyholder with less risk than would be left by the policy with the 
given aggregate deductible D. 
 
5   Concluding Remarks  

 
Classical results, which were established for conditions that do not include 

verification and moral hazard costs, indicate that aggregate deductibles are 
optimal. This paper has identified and analyzed two disadvantages of aggregate 
deductibles that arise from the presence of per claim verification costs and moral 
hazard. Such deductibles might well do worse on both counts than (commonly 
used) contracts with a per loss deductible. First, under some very plausible 
conditions, an aggregate deductible will involve higher expected verification 
costs than the per-loss contract that has the same actuarial value. Second, 
whenever it is important to have the policyholders maintain a positive level of 
precautions, an aggregate deductible would produce higher moral hazard costs 
than some contract(s) with a per loss deductible. Each of these disadvantages 
might be sufficient, in a range of plausible circumstances, for making any given 
aggregate deductible contract inferior to a certain contract with a per-loss 
deductibles. 

These results can help explain the dominant use of per-loss deductibles. In 
many of the types of insurance that use per-loss deductibles, one or both of the 
identified disadvantages of aggregate deductibles appears potentially significant. 
For example, the verification costs consideration might well be significant when 
losses must be verified without much delay, when losses of small magnitude are 
frequent, and when expenditures on verification are meaningful relative to the 
amounts at stake. These conditions seem to be all present for the types of 
insurance commonly purchased by individuals -- such as policies for automobile 
insurance, homeowner insurance, and so forth.  Indeed, estimates derived from 
auto insurance data indicate that the verification costs consideration is by itself 
likely to make aggregate deductibles undesirable for most individuals.   

The moral hazard consideration also might well be significant for some 
common categories of insurance.  This consideration might be important when it 
is desirable to rule out the emergence of situations during the life of the policy in 
which the cost of additional loss (and thus the incentive to take precautions) 
would be zero.  
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Consistent with the analysis of this paper, the instances in which aggregate 
deductibles are used appear to be ones in which the identified disadvantages are 
relatively less significant. The context in which aggregate deductibles play the 
greatest role appears to be that of reinsurance. Reinsurance policies often take the 
form of “stop-loss” policies, under which the policy covers fully the excess of the 
primary insurer’s aggregate losses over a certain deductible. In the context of 
reinsurance, however, the problems of verification costs and moral hazard do not 
appear to be substantial. Verification costs appear small relative to the stakes 
involved. Furthermore, the most important precautions for the primary insurer to 
take are those taking place before losses start to occur – precautions in the 
selection of customers and the pricing of policies sold to them. Thus, the moral 
hazard disadvantage of aggregate deductibles also might be insubstantial in the 
reinsurance context.  

Finally, the advantages of using per-loss deductibles can help explain why 
economic agents often purchase two or more separate policies for the different 
categories of risks they face rather than an umbrella policy covering all these 
categories of losses. Because the potential risk-bearing benefits of umbrella 
policies require the use of aggregate deductibles, the identified disadvantages of 
such deductibles might make umbrella policies unattractive. Thus, the analysis 
can help explain the observed patterns of insurance contracts also in this respect.  
       Whereas the analysis has shown how aggregate deductible contracts are 
dominated in a range of circumstances by contracts that apply the same 
deductible to each loss that occurs, contracts which are in fact in widespread use, 
it has left open the question of whether it is possible in general to improve upon 
the latter. In particular, one could consider contracts under which a deductible 
applies to each loss but in which the level of this deductible is influenced by the 
total losses of any that has accumulated. How such contracts will compare with 
the standard per loss contracts that I have considered in terms of verification costs 
and moral hazard is a worthwhile question for future research.  
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Appendix  
 
Proof of Proposition 4:  

Let us first consider the expected number of losses under the policy with an 
aggregate deductible D. Under this policy, the probability of a loss in the first 
period will be at least pmin. In the second period, the probability of a loss will be 
always at least pmin. Furthermore, there is a probability of at least ( )( )DFp −1min  
that the aggregate deductible will be reached in the first period -- in which case 
the policyholder will take no precautions in the second period and the probability 
of a loss will be consequently at least pmax. Therefore, the probability of a loss in 
the second period will be at least: 

 
( )( )DFppp −−+ 1minmaxmin ( )

)

. 
 
Thus, denoting by the expected number of losses under the policy with 

an aggregate deductible D, this expected number of losses will satisfy  
(N DA

 
(A1) ( ) ( ) ( )( )DFppppDNA −−+≥ 12 minminmaxmin . 

 
Turning to the policy with a per-loss deductible d, it can be shown that under this 
policy the policyholder will always use a positive level of precautions in each of 
the two periods. Let us denote by  e the minimal level of precautions that the 
policyholder might use under this policy (such a level can be shown to exist for 
any given d.  The expected number of losses that occur under the policy with the 
per-loss deductible d will satisfy: 

( )dL
∗

 
(A2) ( ) ( )( )depdN LL

∗< 2 . 
 
Using (A1) and (A2), a sufficient condition for ( )dNL to be small than   is 
that 

(DNA )

( )[ ] ( ) ( )( )DFppppdep L −−+<∗ 122 minminmaxmin  
or that 

 

(A3) ( )( ) ( ) ( )DFppppdep L −−<−∗ 1
2
1

minminmaxmin ( ) . 
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Let us now show that if -[ ( )ep ′′ / ( )ep′ ] is sufficiently large, the above 
condition (A3) will hold. In particular, let us suppose that -[ ( )ep ′′ / ] >K 
throughout, and let us show that if K is sufficiently large, then condition (A3) 
must hold. To see this note that  

( )ep′

 

(A4) ( )[ ] ( )
( )

( )
( )

=
′′

<′−=− ∫∫
∞∞

∗

∗∗ dede
L

LL

dx
K
xpdxxppdep min  

( ) ( )( ){ }
( ) ( )∫

∞
∗ <′−∞′=

0

,min

111

dxxfdx
K

depp
K L . 

Thus, (A3) will hold if 
 

(A5) 
( ) ( )

( ) ( )DFppp
dxxfdx

K
−−<

∫
∞ 1

2
1

,min

11
minminmax

0

( ) . 

 
Equation (A5) will hold for a sufficiently large K, which completes our proof. 
Q.E.D. 
 
Proof of Proposition 5:  

For any given policy with an aggregate deductible D, let us denote (as 
before) the expected number of accidents by ( )DNA , and the expected utility of 
the policyholder by . The policyholder will bear the full cost of the 
expected losses (either directly or indirectly through the premium). Because the 
policyholder will be left with some risk, the policyholder will bear some risk-
bearing costs denoting by 

( )DEU A

( )DAR . Specifically, we can state the level of the 
policyholder’s expected utility as equal to: 

 
(A6) ( ) ( )( ) ( )( )( ))()( 21 DRDeEDeEDNWUDEU AAA −−−−= µ . 
 

Similarly, for any given policy with a per-loss deductible d, denoting by 
  the risk-bearing costs left by the policy (and, as before the expected 

number of accidents by , the level of the policyholder’s expected utility can 
be stated as: 

( )dRL
( )dNL

 
(A7) ( ) ( )( ) ( )( )( ))()( 21 dRdeEdeEdNWUdEU LLL −−−−= µ . 
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If –[ / ] is sufficiently large, then, by proposition ( )ep ′′ ( )ep′ ( )dNL  is smaller than 

. Furthermore as –[( )DNA ( )ep ′′ / ( )ep′ ] grows, the expected expenditure on 
precautions go to zero. It follows that if –[ ( )ep ′′ / ( )ep′ ] is large enough, the 
expected final wealth is higher under the per-loss deductible contract than under 
the aggregate deductible contract. Furthermore, d can be always set sufficiently 
small to make  as small as designed (since the final wealth under the per-
loss deductible policy is never lower than the expected final wealth by more than 
2d. If follows that, if –[ /

( )dRL

( )ep ′′ ( )ep′ ] is sufficiently large, there exists a per-loss 
deductible policy under which the value of (A7) will be higher that the value of 
(A6).        Q.E.D. 
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