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ENDING WASTEFUL YEAR-END SPENDING: ON OPTIMAL BUDGET RULES IN
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What can organizations do to minimize wasteful year-end spending? I introduce a two-period model to de-
rive optimal budget roll-over and audit rules. A principal tasks an agent with using a budget to fulfill the orga-
nization’s spending needs, which are private information of the agent. The agent can misuse funds for private
benefit. The optimal rules allow the agent to roll-over a share of the unused funds, but not necessarily the full
share, and in most cases to audit only sufficiently large spending. The optimal audit rule can change once fund
roll-over is allowed. Strategically underfunding the agent can be optimal.

1. introduction

Many organizations or divisions around the world are granted annual budgets by their
principals—which expire at the end of the fiscal year—to fulfill their mission.1 These expir-
ing budgets induce agents to “use or lose” these funds in the last month or week of the fis-
cal year,2 which can result in spending with little value to the organization. In a survey among
U.S. DoD staff responsible for spending, 95% said there was an efficiency problem with year-
end spending (McPherson, 2007). On average, interviewees estimated that 32% of year-end
spending was on low priority items or at least partially wasted.

This article investigates what other rules could be adopted to incentivize agents to use funds
more efficiently. Liebman and Mahoney (2017) show that allowing full roll-over of unused
funds to the next year can alleviate wasteful year-end spending. But they have not studied
how much roll-over is optimal, nor have they studied the interaction of roll-over rules and
auditing. In a new model with these aspects, I contribute three key findings. First, allowing
partial roll-over, where only a fraction of funds is rolled over to the next year, can be better
than full roll-over. This is because partial roll-over can in some circumstances induce more
saving—and hence less wasteful spending—by the agent. Second, absent fund roll-over, the
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optimal audit rule should only audit large spending amounts. But, third, if fund roll-over is al-
lowed, then the optimal audit rule can change its structure, so that only spending amounts in
the interior of the budget set should be audited, not those at the upper end. Consequently, au-
diting is not something that can be investigated independently of roll-over rules, as these very
much affect the way auditors should be deployed.

The status quo with expiring budgets has several undesirable consequences. First, the agent
might hastily spend the remaining funds on low value items (e.g., Liebman and Mahoney,
2017), because there is no useful purpose left at year-end, or there is no time to execute the
spending well (e.g., because the best contractor is unavailable on short notice). Second, the
agent might spend the funds on currently unneeded but durable “assets,” in the hopes the ex-
piring budget can still yield a benefit in the future. For example, Hurley et al. (2014) report a
case where a military officer was ordered to buy a train-wagon-load of toilet paper at year-
end. While such tricks might not be a complete waste of funds, toilet paper as a currency is
less fungible and storable than money, and hence loses value. Third, the agent might misuse
the funds for personal gain and little value to the principal. An example might be a $9,000
chair bought by the Pentagon at year-end (Military Times, 2019), where one would think a
$5,000 chair would have done as well. Another example is gadgets bought to satisfy the cu-
riosity of a tech nerd working in an organization’s IT department without benefit to the orga-
nization. The model in this article is motivated by this third interpretation, but is also consis-
tent with the first and second.

In practice and in the model of this article, the source of the principal–agent conflict is that
the principal does not know the agent’s exact spending needs, so grants the agent some dis-
cretion in spending. The agent does not know of better uses for unused funds outside of his
agency, nor does he take into account the cost of these funds like the principal does. Hence,
the agent spends everything even if not all is needed to fulfill the principal’s task.3

This article models the principal–agent interaction as a game of asymmetric information.
The model has two years, and the agent receives an exogenous budget in each of them, which
expires at year-end. The agency’s spending need θt in year t is a random draw from a contin-
uous distribution. This captures that future spending needs are uncertain, for example, it is
unclear how many computers will break down in the agency’s office during the coming year.
The realization θt is privately observed by the agent in year t, who then decides on a spending
amount for that year, subject to the budget constraint. Any spending up to the spending need
θt fulfills those spending needs and generates a high value for the principal, but any spending
above θt is a misuse of funds, as it yields no value to the principal. The agent receives a high
marginal value from fulfilling spending needs, and a lower but positive marginal value from
spending more. Hence, the agent wants to fulfill his mission first, but also values the $9,000 of-
fice chair, whereas the principal does not.

Without further additions, this model generates a year-end spending surge as observed in
practice: The agent rationally spends everything and misuses funds, even if the spending need
is considerably below the budget. This is a poor outcome for the principal, as any spending
above need generates no value but generates costs (e.g., credit costs).

To investigate measures to mitigate this waste of funds, the principal commits to the follow-
ing rules before the agent moves. First, the principal sets a roll-over rule � ∈ [0, 1], the share
of unused funds that will be rolled over to the second year, whereas share 1 − � is returned
to the principal. Hence, for any unused dollar at the end of the first year, � dollars are added

3 At least two more motives for excessive year-end spending are mentioned in the literature. First, the agent’s
fear to have his budget cut next year if not all funds are used, which is known as the ratchet effect (e.g., Freixas
et al., 1985). Second, U.S. politicians appear to see unused funds as the agent not doing his job, applying pressure
to spend, and thus providing a disincentive for agents to use their funds efficiently. Although this may sound silly
to economists—viewing more spending as desirable irrespective of the value it generates or its opportunity costs—it
may be rational from a political economy point of view. As unused federal funding reverts to the treasury only after
five years, the only way to get a benefit for the constituency in the current four-year term is to pressure agencies to
spend their annual budgets (e.g., McPherson, 2007).
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ending wasteful year-end spending: on optimal budget rules in organizations 3

to the agent’s budget in the second. Second, the principal sets an audit rule for each year, and
these rules specify for which spending amounts a costly audit will be triggered. An audit is the
only way for the principal to observe the spending need θt and thus to identify fund misuse.
The agent is punished if he misused funds and was audited.

Based on this model, I find that the optimal roll-over rule features some, but not necessar-
ily full roll-over. That is, a positive share of the unused funds should be available to the agent
next year, but surprisingly, a partial roll-over can be superior to a full roll-over under some
conditions. The possibility of fund roll-over gives the agent a reason to save instead of misus-
ing leftover funds. But so far there has been no analysis of an optimal roll-over rule, nor has
partial roll-over been suggested as preferable to full roll-over. Partial roll-over can be optimal
if the agent receives little value from fund misuse and if the principal’s audit and fund costs
are high. This finding contrasts with the current rules in many public sectors such as in the
United States, Canada, or Germany, where budget roll-over is typically not possible.

The intuition why partial roll-over can be optimal is as follows: Suppose there is no audit-
ing. If there are very few spending needs in year 1, then if all unspent funds are rolled over
(� = 1), the agent would only save some for roll-over and misuse the rest. This is because the
agent needs only so many additional funds to cover most expected spending needs next year.
But if the roll-over rule “taxes” the roll-over (� < 1), then it forces the agent to save more in
order to have the same budget next year. This additional saving crowds out fund misuse. Con-
sequently, “taxing” the roll-over can be optimal. In practice, it would also address concerns
that agents accumulate too many savings over time.

Given large enough punishment, audits happen in equilibrium, but any agent who is au-
dited has legitimately spent a lot due to a large spending needs realization, so no agent is pun-
ished in equilibrium. If the roll-over rule is not effective, that is, never induces the agent to
save unused funds for roll-over, then the optimal audit rules in both years are threshold rules.
A threshold rule audits all yearly spending above a threshold (which may differ by year), but
does not audit below the threshold. There is still some scope for fund misuse for agents in
years with low spending needs while staying under the audit threshold.

Under the optimal threshold audit rules, the principal tends to audit more (i.e., smaller
spending amounts) the lower the cost of auditing and the larger the cost of funds. A larger
cost of funds implies a larger loss for the principal from fund misuse, hence she is willing to
audit more to prevent misuse. Moreover, if the annual budget is enough to cover all potential
spending needs, then the optimal audit thresholds for both years are identical, otherwise the
principal tends to audit more in the first than in the second year. This is because auditing in
the first year not only discourages fund misuse, but also leads to more fund roll-over, which
helps to satisfy more spending needs in the second year. For small budgets, the principal tends
not to audit at all, because there is little scope for fund misuse, as the probability of spending
needs below budget is small. For larger budgets, the principal tends to audit as long as audit
costs are not too large or the cost of funds is large enough.

There is one exception where the audit rule is not a threshold rule in the first year, if the
roll-over rule is effective in inducing the agent to save funds for roll-over. In this case, the
agent does not spend his entire budget in the first year—unless the spending needs of the
agency require it—even if there is no auditing, because he wants to have more funds avail-
able next year. The optimal audit rule in this case is an interval rule, which audits spend-
ing amounts just above and below what a saving agent would spend absent auditing. Conse-
quently, the optimal interval rule audits spending amounts in the interior of the budget set,
and might not audit the very largest spending amounts close to the total budget, where the
roll-over incentive prevents fund misuse. Consequently, auditing is not something that can
be investigated independently of roll-over rules, as these very much affect the way auditors
should be deployed.

In an extension, I endogenize the amount of the annual budget. If the ratio of audit costs
to cost of funds, and the cost of funds, are large enough, then it is optimal for the principal
to grant a budget that is smaller than the maximum possible spending need realization. This
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4 siemroth

implies there is a positive probability the agent cannot meet all spending needs. Still, this is
better for the principal than a large budget with a high chance of fund misuse, as auditing is
too costly. If endogenous budgets can be different every year, then the extensions indicate
that budgets should weakly decrease over time: The agent has time to save to offset the
budget decreases, and the decreasing budget strengthens incentives not to misuse funds.

The policy recommendations to reduce wasteful year-end spending are as follows: First,
rolling over unused funds should be allowed. The worst that can happen is that funds are
misused next year instead of this year, which is no worse than the status quo with use-it-or-
lose-it behavior. Moreover, while auditing requires additional manpower, allowing fund roll-
over is relatively inexpensive. Second, auditing and punishing fund misuse can help for suf-
ficiently small audit costs. Usually only large spending amounts should be audited, but not
small spending amounts far below the budget, which indicate funds were likely used in the
principal’s interest. If the roll-over rule is effective in inducing savings, then auditing the very
largest spending amounts could be unnecessary. If audit costs are large or the cost of funds
are very small, then no auditing is optimal. Third, setting a low budget—so not all spending
needs can be fulfilled with positive probability—can be optimal if the audit costs and the cost
of funds are large, or the agent’s mission is of low priority.

1.1. Literature. This article contributes to the year-end spending literature. Liebman and
Mahoney (2017) empirically document U.S. federal procurement year-end spending surges,
and that IT spending made in the last week of the fiscal year is of lower quality than usual.
They also show that allowing some roll-over of unused funds to the next year reduces year-
end spending surges. Liebman and Mahoney (2017) also develop a model in which a precau-
tionary savings motive for the agent generates more spending of less value at year’s end. In
their model, allowing roll-over can increase welfare. In this article, I contribute the first anal-
ysis of the optimal roll-over rule in this context as well as an analysis of optimal audit rules,
whereas there is no auditing in their model. Major new insights are that the optimal roll-over
rule may not feature full roll-over as they consider, and that the structure of the optimal audit
rule changes in the presence of fund roll-over.

Baumann (2019) also empirically documents year-end spending surges in UK governmental
agency spending, and investigates whether a precautionary savings motive is causing them. He
finds that an alternative explanation—that agencies procrastinate in spending their funds—
also plays a role. Hurley et al. (2014) and Brimberg and Hurley (2015) show that a rational
risk-neutral planner aiming to maximize the value of spending will—due to the uncertainty of
future spending needs—be conservative in spending early and often have unused funds at the
end of the year. They also show that pressure to minimize unused funds at the end of the year
leads to lower value spending. Their studies are critiques of expiring budgets, but their focus is
not on analyzing alternatives, which is what I add in this article.

My model, and those in the year-end spending literature, take it as given that the agent re-
ceives a budget and some discretion in spending it, and investigate improvements within that
structure. This should make the recommendations derived from this model easier to imple-
ment in practice. Malenko (2019) takes a step back and asks whether agents should receive
budgets in the first place, or whether spending should get micromanaged more and funded by
the principal directly. In his environment, there is a principal–agent conflict because the agent
has preferences for overspending. The optimal mechanism separates small and large invest-
ments, so that small investments are funded at the agent’s discretion from his budget, which
is replenished over time. Large investments are funded by the principal directly, but only after
an audit confirms it is worth to be implemented. If the large project is not worth it, the agent
is punished for recommending it. Interestingly, this optimal mechanism does not have annual
budgets; in fact, funds never expire. Hence, it could be viewed as an annual budget with com-
plete and indefinite roll-over.

A related literature in corporate finance asks how headquarters should allocate internal
funds to lower-level managers, when these managers have preferences for overspending but
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ending wasteful year-end spending: on optimal budget rules in organizations 5

superior information about investments. Harris and Raviv (1996) show how optimal incentive
budget allocations consists in capital spending limits and a procedure to relax them if war-
ranted. Harris and Raviv (1998) extend that model if the manager chooses between multiple
projects, and show that similar capital spending limits are optimal. Whereas the first paper is
not dynamic, the second one has a dynamic interpretation, showing that full roll-over is opti-
mal. But due to the difference in settings, in particular because the agent knows future real-
izations for certain, there is no partial roll-over. Roper and Ruckes (2012) analyze a setting
where the manager has better information about future investment opportunities. They show
that commitment to a rule, where funding now is tied to lower probability of funding later, can
make the manager reveal their superior information and thus improve intertemporal capital
allocation. Overall, these seminal papers are positive theories that rationalize observed bud-
get procedures as optimal responses to agency conflicts, whereas the current article is more
normative in that it models the observed status quo and asks which rules improve outcomes.
This literature is valuable in explaining the existence of spending delegation, budget limits,
and explaining the budget allocations. But there is no discussion of year-end spending, no in-
teraction between audits and roll-over rules, and except for Harris and Raviv (1998), there is
no discussion of budget roll-over, which this article adds.

Khalil et al. (2019) depart from the previous year-end spending literature by adding an
agent effort choice, which endogenizes the cost of spending. They show that rigid budget
policies without roll-over can have benefits—inducing more effort, lower costs, and more
production—compared to roll-over policies, so that the principal sometimes prefers no roll-
over. Their model thus provides a rationale for denying roll-over. In their model, the en-
tire budget is always spent, so it is not designed for the analysis of curbing wasteful year-
end spending.

Bird and Frug (2019) investigate how an agent can be incentivized to provide effort to im-
plement investments, which are beneficial to the principal but costly to the agent. Rewards
are costly to the principal but beneficial to the agent. While their model is not explicitly about
budgets or year-end spending, it might give wasteful year-end spending a new interpretation
as rewards for previous agent performance.

The auditing part of my model is related to the theoretical costly state verification liter-
ature, such as Townsend (1979), Border and Sobel (1987), Ben-Porath et al. (2014), and Li
(2020). A new insight in the budget context is that allowing fund roll-over can make auditing
unnecessary, or reduce the need for auditing. Moreover, the optimal audit rule changes de-
pending on the effectiveness of the roll-over rule.

2. the model

2.1. Setup. There are two risk-neutral expected utility maximizing players, the principal
(she) and the agent (he). This setting applies to organizations where an agent is given a bud-
get to fulfill a mission, with some leeway in spending it.4

Time. Time is discrete. There are two periods in which the agent moves, which I call years,
t = 1, 2. A minimum of two years is needed to investigate whether allowing to roll-over funds
to the next year can mitigate inefficient year-end spending.5 The year is the time frame for
which a budget is granted to be spent by the agent, and in practice many organizations grant
budgets for one year. The principal moves in t = 0.

4 This is relevant in many public-sector organizations. In private-sector organizations, it applies to divisions which
accountants call “cost centers,” which means they incur costs to do a job but do not generate revenues themselves.
This happens, for example, in IT, marketing, or R&D divisions.

5 An earlier version of this model additionally divided the year into two subperiods (the last to be interpreted as
year-end), each with an independent spending need realization. Adding these subperiods yielded the same spending
and fund misuse decisions as this model, because it was a weakly dominant strategy for the agent to postpone fund
misuse to year’s end (exactly as observed empirically). To ease the exposition, I dropped this extra division into sub-
periods. Still, for this reason, fund misuse in this model can be interpreted as year-end spending.
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6 siemroth

State of the world: Spending needs. In every year, a random variable θt realizes, which is
identically and independently distributed according to a continuous uniform distribution on
�t = [0, u], with u > 0. Let the density function be g and the cumulative distribution function
(CDF) be G.6 The agent observes the realization θt in year t, hence does not know realization
θ2 in year 1 (i.e., the agent cannot foresee the future). Moreover, θt is private information of
the agent, so the principal does not observe it. θt is the spending need arising in year t in the
agent’s division or agency. For example, the more computer hardware breaks down and needs
to be replaced, or the more temporary hires need to be made due to absences, the larger the
realization of θt . The realization θt is what the principal would like the agent to spend (to be
made precise in the utility function below), and in one interpretation represents the spending
needed for the agent to fulfill his mission.

Agent strategy space. The agent decides how much to spend in year t = 1, 2. The spend-
ing strategy is a mapping from the available budget bt ∈ R+

0 (defined in next paragraph) and
the realized spending needs into a spending amount, st : [0, bt] × �t → [0, bt] for t = 1, 2. The
agent’s spending amount st is observable to the principal. The agent cannot spend more than
his budget bt for the year, but is able to spend more than is needed (θt) for personal benefit
(see the agent utility function below). Hence, I call st > θt a misuse of funds. Consequently,
the single action of setting spending amount st simultaneously determines to what degree the
principal’s mission is fulfilled (by fulfilling spending needs) and to what degree the agent acts
against the principal’s interests.

Budget and fund roll-over. The agent is exogenously granted an annual budget b ∈ (0, u].
This budget is available to the agent every year. In t = 2, the available budget b2 might addi-
tionally include unused and rolled-over funds from the previous year, whereas in t = 1 only b
is available. Thus,

b1 = b, b2 = b + �(b1 − s1),

where � ∈ [0, 1] is the fraction of unused funds from t = 1 allowed to be rolled over to the
next year. The roll-over rule, represented by �, is part of the principal’s policymaking, and is
set by the principal in t = 0.

Auditing. At the end of the year (i.e., once st is set by the agent), the principal can audit at
a cost of cA > 0 to determine if there was a misuse of funds. The audit technology is perfect
and reveals θt , and thus also the amount of fund misuse st − θt . The principal commits to a de-
terministic audit rule in t = 0, one for each year, which maps every possible total spending st

that year into an audit decision, At : [0, bt ] → {0, 1}. Hence, the agent is fully aware of the au-
dit rules before moving.

Punishment. In case any fund misuse was detected via audit, an exogenous punishment p >

2αb is inflicted on the agent, which is large enough to deter the agent from misusing. I assume
that reducing the agent’s utility by p costs the principal p · cp, with cp ≥ 0.7 Punishment can
easily be endogenized, but is kept exogenous for simplicity.

Principal policy. This paragraph summarizes the above actions by the principal. The princi-
pal acts in t = 0, and commits to audit rules A1, A2 and a fund roll-over rule � ∈ [0, 1]. The
collection {A1, A2,�} will be called “policy,” and the principal’s optimal policy is the pol-
icy that maximizes expected utility given the agent strategy (best response). Figure 1 plots
the timeline of the model. Commitment is important here, because otherwise there is a time-
inconsistency problem with costly auditing.

Agent utility function. The agent cares about fulfilling the spending needs of the principal,
that is, about doing his job, but also cares about additional spending with personal benefits. As

6 Because the distributions of the state are known by the principal and the realizations are independent, there is no
ratchet effect in this model. That is, the spending amount or realization θ1 in year 1 does not tell the principal any-
thing new about the realization θ2 in year 2.

7 As will become clear later, whether punishment is costly or not does not affect the results. Moreover, results are
unchanged if p is endogenized, that is, a choice of the principal.
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ending wasteful year-end spending: on optimal budget rules in organizations 7

Figure 1

timing of principal and agent moves, as well as audits and punishment

described in the introduction, year-end spending is often on items that the principal might not
value very highly, but the agent more so. Examples include more luxurious office chairs, new
technical gadgets that are fancy but not needed to do the job, or “business trips” to and “con-
ferences” at beach resorts. The agent’s utility function is

Uagent =
∑

t

[st · 1{st≤θt } + 1{st>θt }[α(st − θt ) + θt]] −
∑

t

[
1{A(st )=1,st>θt } · p

]
,

with 0 < α < 1, where 1{.} is the indicator function. That is, in the first sum, every dollar spent
on fulfilling spending needs (i.e., as long as st ≤ θt) yields a marginal utility of 1, whereas every
dollar spent above θt is fund misuse and yields a marginal utility of 0 < α < 1. Thus, the agent
benefits from additional spending, but not as much as from fulfilling the principal’s spending
needs.8 This implies the agent will attempt to misuse funds only once all spending needs are
fulfilled. This is consistent with the “use it or lose it” phenomenon of agents observed at the
end of the fiscal year, who scramble to spend the remaining funds on something of value to
them before they expire, but not at the beginning of the year when fresh funding is available
and might crowd out legitimate spending. The utility function also includes the punishment in
case of fund misuse and audit (second sum).

Principal utility function. Following Liebman and Mahoney (2017), I model the principal as
having a cost of funds 0 < λ < 1. In the framing of a government, this means there is no hard
budget constraint, but rather additional funds could be raised via higher taxes or more bor-
rowing, which however comes at marginal cost λ. Similarly, a corporation could change strat-
egy or borrow more at a cost.9 Because of these costs, the principal only wants spending done
with value exceeding λ. Hence, the principal’s utility is

Uprincipal =
∑

t

st1{st≤θt } + θt1{st>θt } −
∑

t

[
λst + 1{At (st )=1}(cA + 1{st>θt } · pcp)

]
.

Thus, like the agent, the principal receives a marginal utility of 1 from fulfilling spending
needs, but unlike the agent, receives no utility from the misuse of funds.10 Any returned funds
are valued at a marginal rate of 0 < λ < 1, or equivalently, the used funds cost λ at the mar-
gin. The principal–agent conflict is thus about the additional spending above θt , but both agree

8 While in practice there are undoubtedly agents who value personal spending more than fulfilling the spending
needs of their principal, this is not the focus of this article.

9 The cost of funding can also be interpreted as the opportunity cost of using available funds, for example, funds
could be used by another agent yielding a utility of λ to the principal. However, in this article I do not explicitly intro-
duce multiple agents.

10 Results are similar if the marginal utility of the additional spending to the principal is positive but less than λ,
so that the principal does not prefer the additional spending. Hence, setting the marginal utility to zero simplifies the
exposition, but is not crucial for the results.
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8 siemroth

on the spending up to θt . Besides the cost of funds, the second sum also includes the costs for
auditing and punishment.

The optimal policy is a year 1 audit rule A1, year 2 audit rule A2, and roll-over rule �

(which enters Uprincipal indirectly by affecting agent spending st) which jointly maximize prin-
cipal expected utility:

max
A1,A2,�

Uprincipal.

3. results

I proceed by determining the agent fund roll-over reaction to the principal rules, then opti-
mizing the audit rules and roll-over rule separately while holding the other instruments con-
stant. Finally, I combine these results in Subsection 3.6 to obtain the optimal policy.

3.1. Agent Fund Roll-Over Decision. Take the principal policy A1, A2,� as given. Assume
the year 2 audit rule has a threshold spending value a2, such that there is always auditing
above but not weakly below that audit threshold (to be confirmed later), and that at ≤ b. Now
consider agent year 1 spending s1 if there is no auditing in year 1. Consider the case θ1 < b,
since roll-over is clearly not optimal otherwise. The marginal utility from spending above θ1,
but below the auditing threshold, is α. The marginal benefit from saving funds in the amount
of x, rolling over �x, and thus setting b2 = b + �x, is the derivative of year 2 expected utility
with respect to x:

∂

∂b2

[∫ a2

0
(θ2 + (a2 − θ2)α)dG(θ2) +

∫ b2

a2

θ2dG(θ2) +
∫ u

b2

b2dG(θ2)

]
· ∂b2

∂x
= (1 − G(b2))�.

This marginal benefit is clearly nonnegative, less than 1, and strictly decreasing until G(b2) =
1, in which case it is 0. It decreases in b, because the more exogenous budget next year, the
less need to roll-over funds to cover the same spending needs. The effect of roll-over policy �

is ambiguous: It is positive because a larger roll-over share helps fulfill more spending needs
for a given savings amount, thus making the transfer “more efficient,” and it is negative be-
cause the probability of not being able to fulfill spending needs decreases, thus decreasing the
need to roll-over. The following expression determines the amount of rolled-over funds x, so
that the marginal expected utility from the roll-over equals the marginal utility of misusing
funds in year 1:

α = �(1 − G(b + �x)) ⇐⇒ x = x̂ :=

⎧⎪⎪⎨
⎪⎪⎩

0, if G−1(1− α
�

)−b
�

< 0,

b, if G−1(1− α
�

)−b
�

> b,
G−1(1− α

�
)−b

�
, else.

(1)

That is, x = x̂ is the solution to the first-order condition with the boundary condition x̂ ∈ [0, b].
Moreover, define G−1(c) = −∞ if c < 0, which implies that x̂ = 0 for any � < α.

Hence, even without auditing in year 1, the agent does not misuse all unused funds if pa-
rameters and policy are such that x̂ > 0, because the agent wants to have more funds next year
to fulfill additional spending needs.

3.2. Principal: Audit Rule Classes.

3.2.1. Threshold and interval audit rules. This section proves two results, which character-
ize the structure of the optimal audit rules. All proofs are provided in the Appendix.
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ending wasteful year-end spending: on optimal budget rules in organizations 9

Notes: The line represents the agent budget set and possible spending amounts in year 2. The gray areas are the
spending amounts that are audited according to the audit rule.

Figure 2

two different audit rules for the same spending need realization θ2

Proposition 1. If x̂ = 0, then in both years, there exists an optimal audit rule which is of the
threshold type: At (s) = 1 for any s > at and At (s′) = 0 for any s′ ≤ at .

This is the first main result and tells us we can focus on threshold audit rules for both years
if the roll-over rule is not effective in inducing roll-over for any θ1 (i.e., if x̂ = 0). This includes
the case where roll-over is not allowed. A threshold rule audits all spending amounts above a
threshold, and no spending weakly below the threshold. The agent reaction to any audit rule
is simple: For a sufficiently small spending need realization θt , so that unused funds remain,
the agent optimally spends the largest amount that is not audited. Spending more would trig-
ger an audit and punishment, hence is not optimal. Spending less means not misusing as many
funds as possible without getting caught.

Given this agent reaction function, a threshold rule can replicate the agent spending deci-
sion of any nonthreshold audit rule: Take the largest spending amount that is not audited un-
der a nonthreshold rule, then a threshold rule with threshold equal to that amount produces
identical outcomes for principal and agent, for any realization θt . Figure 2 illustrates these ar-
guments graphically. Hence, any audit rule (including any optimal one) has a corresponding
threshold audit rule that is outcome-equivalent. Therefore, we can focus on this simple class
of audit rules to determine the optimal policy.

Next, in year 1 and if agents want to roll-over funds without auditing (i.e., if x̂ > 0), then the
optimal audit rule is an interval rule that takes a slightly different shape. The year 2 audit rule
remains a threshold rule. This is the second main result, which implies that the optimal year
1 audit rule changes its structure once fund roll-over is allowed and effective. Consequently,
introducing fund roll-over has important implications for auditors.

Proposition 2. If x̂ > 0, then in year 1, there exists an optimal audit rule which is of the in-
terval type: A1(s1) = 1 for any s1 ∈ (a1, a1), and A1(s′

1) = 0 for any s′
1 /∈ (a1, a1), with (b − x̂) ∈

[a1, a1]. For any a1 ≤ b − x̂, the upper border of the interval is given by

a1(a1) = 2b�(1 + �) + 2u(α − �) − a1�
2

�2
.(2)

This is the second main result and tells us that, to find the optimal audit rule, we can focus
on the class of interval audit rules in the first year if x̂ > 0. With an interval audit rule, spend-
ing in the interval s1 ∈ (a1, a1) is audited, whereas spending outside of the interval is not. The
optimal interval border a1 is discussed in the online appendix, with a summary in Subsection
3.5.
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10 siemroth

Notes: Reducing fund misuse further requires an audit rule to audit on both sides of s1 = b − x̂ as in (c).

Figure 3

if the fund roll-over rule is effective, then the agent spends s1 = b − x̂ absent auditing to save funds for next
year (a)

The argument why an interval audit rule is optimal is as follows: If the roll-over rule is ef-
fective, then the agent does not spend all funds in year 1 even if there is no auditing, provided
the realization θ1 is small enough so that there are funds left over. The agent prefers to save
an amount x̂ > 0 to roll-over the amount �x̂ > 0 and to be able to fulfill more spending needs
next year (see the construction of x̂ above). Hence, the amount x̂ is saved instead of misused.
This is graphically shown in Figure 3(a). In this case, the roll-over rule prevents some fund
misuse without audit cost.

If the principal wants to reduce fund misuse further, then she cannot audit only spending
amounts left of b − x̂ to push spending down. This is because the agent would then prefer to
spend either b − x̂ or just above, and hence fund misuse would not decrease (Figure 3b).

To reduce fund misuse further, the principal has to audit on both sides of b − x̂. Auditing
to the left of this amount pushes spending down, whereas auditing to the right of b − x̂ makes
the lower spending amount incentive-compatible, because it prevents the agent from spending
more than b − x̂. See Figure 3(c) for an illustration. The optimal interval rule chooses the up-
per border of the audit interval, a1, as a function of the lower border a1 to make agents with
small θ1 just indifferent between spending s1 = a1 (below the interval) and spending s1 = a1

(above the interval, implying more fund misuse).
An interval audit rule might not audit the very highest spending amounts close to b1 = b,

unlike a threshold rule. This is because the agent prefers saving some funds to spending ev-
erything if the spending need θ1 is small enough. Consequently, auditing very high spending
amounts is not necessary in these cases, and the principal saves audit costs because the fund
roll-over rule is effective. In other words, the principal could use a threshold rule even if x̂ >

0, but this is not optimal, because she could audit less without increasing fund misuse. A spe-
cial case of the interval rule is a1 = a1 = b − x̂, which does not audit at all.11

To focus the analysis of the optimal policy, I will restrict attention to the cases at ≤ b. Al-
lowing at > b adds a lot of additional case distinctions to the analysis with comparatively little

11 The logic why an interval rule is optimal would apply also in case of probabilistic audits. If x̂ > 0, observing the
highest spending amounts means there is no fund misuse. The agent spends only so much to fulfill spending needs,
never to misuse funds. Thus, auditing these highest spending amounts is a waste, and an optimal audit rule puts zero
audit probability on these amounts, independent of whether auditing may be deterministic or probabilistic.
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ending wasteful year-end spending: on optimal budget rules in organizations 11

additional insight.12 This constraint is without loss of generality for a1, since a1 = b implies no
auditing, and a1 = 0 implies always auditing, and all cases in between are covered. However, if
b2 > b and u > b, then this constraint might bind for a2.

Assumption. The exogenous upper bound of the audit threshold is b, that is, at ≤ b.

3.2.2. Which organizations should use an interval audit rule? Based on Proposition 2, we
can determine what kind of organizations should use interval audit rules instead of threshold
audit rules. It shows that organizations should use interval audit rules if they allow fund roll-
over and where the fund roll-over rule is effective in inducing agents to roll-over funds for suf-
ficiently small spending need realizations (i.e., where x̂ > 0).

The comparative statics for x̂ (see (1)) show that these tend to be organizations with, first,
smaller agent utility from fund misuse α. Since α is the opportunity cost of saving and rolling
over, a lower α clearly encourages more fund roll-over. A smaller α in practice might mean
less spending discretion for the agent or that fund misuse is harder due to additional checks
before spending is approved.

Second, it tends to be organizations with smaller budget b relative to maximum spending
needs u, that is, agents that are more underfunded. In practice, these could be organizations or
divisions that get a lower budget than they asked for or get a budget that is below an amount
they need in case of unfortunate contingencies. These agents want to save more for “a rainy
day” if they can, to help with the underfunding next year, and this allows the principal to audit
less at the top of the budget set via an interval rule.

The effect of the audit rule � is ambiguous on x̂. On the one hand, allowing a larger share
of unspent funds to be rolled over makes saving and fund roll-over more attractive compared
to fund misuse, as more of the saved funds are available for use next year. On the other hand,
a larger � means fewer funds need to be saved to have a certain amount next year, thus mak-
ing roll-over less attractive.

3.3. The Optimal Roll-Over Rule. Let us first determine the roll-over share that maximizes
the agent saving x̂ in year 1 (for a sufficiently small realization θ1). Plugging the inverse of the
uniform CDF into the expression for the agent saving amount x̂ in (1) yields

(
1
�

− α

�2

)
u − b

�
.

Differentiating with respect to � once and setting to zero yields the necessary first-order con-
dition

− u
�2

+ 2αu
�3

+ b
�2

= 0.

The roll-over share which maximizes agent saving is the solution to this first-order condition
subject to the upper bound:13

�maxx̂ := min
{

2αu
u − b

, 1
}

> α > 0.(3)

12 For example, without this restriction, the agent marginal utility of rolling-over funds discontinuously drops as the
rolled-over amount increases so that b2 → a2, which requires additional case distinctions for interior and corner solu-
tions for the optimal roll-over amount.

13 While the optimization problem is not concave, the proof to Proposition 3 in the Appendix shows that x̂ is in-
creasing below and decreasing above � = �maxx̂, making it a maximum in � ∈ [0, 1].
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12 siemroth

Proposition 3 is the third main result. It takes an a1 as given. It shows that either a po-
tentially interior �∗ ∈ (�maxx̂, 1] or the maximum � = 1 is optimal.14 Consequently, since
�maxx̂ > α > 0, allowing at least some roll-over of unused funds is weakly better than no roll-
over.

Proposition 3 (Optimal roll-over rule). Assume the principal uses an interval audit rule if
x̂ > 0 and a threshold audit rule if x̂ = 0. Fix an a1.

(i) The optimal budget roll-over rule is a �∗ ∈ (�maxx̂, 1] if all of the following conditions
are fulfilled:
• x̂ > 0 at � = �maxx̂, and
• a1(a1) < b at � = �maxx̂, and
• �maxx̂ < 1, and
• x̂ < b at � = 1.
If, in addition, λ is sufficiently large but less than 1, then a �∗ ∈ (�maxx̂, 1) is optimal.
That is, positive but partial roll-over is optimal.

(ii) A full roll-over policy (�∗ = 1) is optimal if any of the four conditions in i. fail, that is,
if
• x̂ = 0 at � = �maxx̂ < 1, or
• a1(a1) > b at � = �maxx̂, or
• �maxx̂ = 1, or
• x̂ = b at � = 1.

Subsection 3.3.1 explains the intuition for why partial roll-over can be optimal, and Subsec-
tion 3.3.2 explains the proposition and its conditions.

3.3.1. Why partial roll-over of unused funds can be optimal. To understand why sometimes
� = 1 is optimal and sometimes α < � < 1, we have to distinguish two purposes of the roll-
over rule. First, given funds are saved in year 1—either due to the threat of auditing or be-
cause the agent wants to roll-over funds—it is weakly better for agent and principal alike to
roll-over as much as possible. This is because more roll-over increases the chances to fulfill ad-
ditional spending needs in year 2.15

Second, the roll-over rule also determines x̂, how much the agent wants to save instead of
misuse in year 1. Hence, the possibility of rolling-over funds induces the agent to misuse fewer
funds, which also benefits the principal. The amount saved by the agent x̂ can be locally de-
creasing, so that there is a unique �maxx̂ < 1 maximizing the saved amount x̂. Figure 4 plots an
example. Consequently, in these cases, the principal has to trade-off the maximum � = 1 (first
purpose) with � = �maxx̂ < 1 (second purpose).

The intuition why �maxx̂ can be less than 1 is as follows: Whereas the agent wants to mis-
use leftover funds in year 1 to get benefit α, he also wants to roll-over funds to be able to ful-
fill more spending needs next year (if budget b is not too large). This is because without the
roll-over, there is a larger probability that not all spending needs can be met, which reduces
agent utility. The roll-over rule � has two different effects on the agent benefit of rolling-over
funds. On the one hand, � makes the budget transfer from one year to the next more efficient
(fewer funds are returned to the principal), which increases the benefit of rolling over. On the
other hand, a larger � increases the available budget next year for a given savings amount,
which decreases the probability of not being able to fulfill all spending needs next year, thus

14 Since the optimization problem is not well-behaved, it is difficult to determine the exact solution in the interval
� ∈ (�maxx̂, 1] in part (i). That is, a corner solution may be better than an interior solution, and interior solutions are
not guaranteed to be unique. Hence, the result in (i) is given as an interval, whereas case (ii) is guaranteed to be � =
1. For large enough λ, (i) establishes that the optimal � must be in the interior of the interval.

15 And, given a2 ≤ b, any rolled-over funds, which lead to b2 > b, cannot be misused in year 2, since that would
trigger an audit.
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ending wasteful year-end spending: on optimal budget rules in organizations 13

Figure 4

plot of agent saving x̂ depending on �

notes: parameter values: u = 2, b = 1, α = 0.2. the maximum is at �maxx̂ = 0.8. thus, the optimal � must exceed
0.8

reducing the benefit of rolling over more. In other words, a larger roll-over share � makes less
roll-over necessary to insure against a binding budget constraint in the future, so the agent
misuses instead of saves more funds. This hurts principal utility. Hence, it can be optimal to
“tax” the roll-over (� < 1) to induce more saving and less misuse by the agent. An analogy
from another context is retirement savings, where the optimal savings amount can increase if
investment returns decrease.

3.3.2. Explaining the optimal roll-over rule. Proposition 3 part (i) is the case where partial
roll-over (� < 1) can be optimal. It requires that �maxx̂ < 1, otherwise there is no trade-off
between inducing more saving and rolling over more funds. �maxx̂ < 1 requires a sufficiently
small agent utility from fund misuse, α, because that is the opportunity cost of rolling over,
and a sufficiently small budget b. The smaller budget is needed, so there is a larger chance the
agent cannot meet his spending needs next year, hence he is more willing to roll-over even for
lower values of �. This is not a precautionary savings motive, as the agent is risk-neutral, but
an expected value calculation that rolling over is more attractive if the budget is small.

The trade-off between � < 1 and � = 1, as discussed above, consists of preventing more
fund misuse (at a marginal utility of λ) and saving audit costs, or of fulfilling more spending
needs (at a net marginal utility of 1 − λ). Consequently, if λ is sufficiently large, then � < 1 is
optimal, since fulfilling additional spending needs next year is not as important as preventing
fund misuse and saving audit costs this year.

� < 1 can be optimal only if b and α are not too large, so that the agent wants to save funds
at all, that is, only if x̂ > 0 for �maxx̂ < 1. But b and α also cannot be too small, since otherwise
the agent wants to save all unused funds even if � = 1, which would then be optimal. Hence,
�∗ < 1 also requires x̂ < b at � = 1.

In case (ii), which captures all cases where �maxx̂ = 1 maximizes the amount saved by the
agent, the maximum �∗ = 1 is optimal. This is because there is no conflict between induc-
ing the maximum saving by the agent and rolling-over everything that is saved. Moreover, if
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14 siemroth

�maxx̂ < 1 but no saving by the agent can be induced for any �—for example, if b is large—
then �∗ = 1 is also optimal.

Informally, for partial roll-over to be optimal, it requires a medium level of b and a suffi-
ciently small benefit of fund misuse α, so that partial roll-over increases the savings amount
by the agent. In addition, the cost of funds λ needs to be sufficiently large, so that the princi-
pal favors preventing fund misuse in year 1 via more agent saving over fulfilling more spend-
ing needs in year 2 via more roll-over. Otherwise, full roll-over is optimal.

3.3.3. Which organizations should have stricter roll-over? Based on Proposition 3, we can
determine what kind of organizations should use stricter roll-over, in the sense that the opti-
mal roll-over share �∗ is smaller.16 First, a larger cost of funds λ weakly decreases �∗. As ex-
plained in the previous section, this is because getting the agent to save and roll-over is more
important than fulfilling additional spending needs in year 2 if λ is larger. Hence, organiza-
tions that have a harder time borrowing should be less generous in their roll-over.

Second, a smaller agent utility from fund misuse α weakly decreases �∗. As fund misuse be-
comes less attractive (α decreases), the principal can induce more agent saving by increasing
the “tax” on the roll-over, which reduces fund misuse in year 1. A smaller α in practice might
be less spending discretion or that fund misuse gets harder due to additional checks before
spending is approved.

The effect of budget b is ambiguous. A smaller budget b tends to increase the savings
amount and hence the principal can get away with taxing the roll-over more, as with a de-
crease in α discussed earlier. This favors a smaller �∗. But at the same time, a smaller b makes
fulfilling spending needs in year 2 harder, so the principal would like to allow more roll-over
to counter a more-likely-to-bind budget constraint. In the extreme case, if b is sufficiently
small, then the agent is so underfunded that he wants to save everything independent of �,
thus �∗ = 1 is optimal. For the same reasons, the effect of a change in the maximum spending
need u is ambiguous.

There is a relationship between partial roll-over and interval audit rules: A partial roll-over
is optimal only if it increases the agent savings amount x̂ > 0 (hence, if there is no saving inde-
pendent of the roll-over rule, then full roll-over is optimal). And, according to Proposition 2,
interval auditing is also optimal if and only if the agent is saving leftover funds.

What is the minimum level of � in practice? For the agent to want to save and roll-over
any funds, the share of unused funds that is rolled-over must exceed α, which is the marginal
value the agent receives from misusing funds. Hence, in this model with piecewise linear util-
ity functions, if agents at the margin get 50% of utility from misusing funds compared to ful-
filling spending needs, then more than 50% of unused funds must be rolled over to incentivize
agents not to misuse funds. Thus, the minimum � is bounded below by the benefit of fund
misuse.

3.3.4. Comparison to budget rules in practice. As the literature section shows, most public-
sector organizations in the United States do not allow agents to roll-over unused funds (e.g.,
Jones, 2005; McPherson, 2007; Liebman and Mahoney, 2017), which conflicts with the finding
here where at least some roll-over is weakly better. But there are a few documented cases
where fund roll-over was allowed in practice.

The UK governmental roll-over rule, introduced in 2010, allows for a full roll-over of un-
used funds (� = 1), but only for up to 0.75% (large agencies) or up to 4% (small agencies)
of the budget (HM Treasury, 2021, p. 17). In the cases where my model finds �∗ < 1 to be op-
timal, the UK implementation might be imperfect in two respects: First, � = 1 does not dis-
courage as much fund misuse as �∗ < 1 as explained earlier, and second, the 4% upper bound

16 The following comparative statics are weak inequalities, in the sense that they change an interior solution in the
stated direction, but if a corner solution �∗ = 1 is optimal, then a small change in parameters will not change the opti-
mal roll-over share.
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ending wasteful year-end spending: on optimal budget rules in organizations 15

means the UK rule can at most prevent fund misuse in the amount of 4% of the budget. A
larger percentage could potentially prevent more fund misuse.

There is at least one case where a (local) governmental body allowed its agencies to roll-
over some, but not all, of their unused funds to the next year. The State of Washington’s Sav-
ing Incentive Program from 1997 allowed agencies to roll-over 50% of unused funds for next
year. Interestingly, the 50% were set not because that number is optimal in reducing fund mis-
use, as in this model. Instead, the other 50% were promised to the education sector, which
made this reform politically feasible (e.g., Jones, 2005, p. 152; Miller et al., 2007).

3.4. The Optimal Year 2 Audit Rule. Proposition 4 derives the optimal audit threshold in
year 2. The year 2 audit rule can condition on b2, and is therefore conditionally independent
of the year 1 audit rule and the roll-over rule.

Proposition 4 (Optimal year 2 audit rule). As shown in Proposition 1, the optimal audit
rule can be represented as a threshold rule, with A2(s2) = 1 if and only if s2 > a2, and A2(s2) =
0 otherwise.

(i) The optimal audit threshold for year 2 is a∗
2 = min{ cA

λ
, b} if

• b = u, or
• b < b2, or
• b = b2 < u, cA/λ ≤ b and b2

2λ

2 + c2
A

2λ
≥ ucA.

(ii) The optimal threshold is a∗
2 = b if b = b2 < u, cA/λ ≤ b and b2

2λ

2 + c2
A

2λ
< ucA. That is, in

this case, there is no auditing even if all budget is spent.

Proposition 4 shows that the optimal audit rule, a threshold rule, is simple in that either the
optimal threshold equals the interior solution a∗

2 = cA/λ or the corner solution a∗
2 = b.

When setting the audit threshold, a larger threshold implies less auditing, because an au-
dit is triggered only for spending amounts exceeding the threshold. Agents with a spending
need realization exceeding the threshold (θ2 > a2) do not misuse funds to avoid punishment.
Agents with low spending needs below the threshold (θ2 < a2) misuse funds to stay just be-
low the threshold. Hence, a larger threshold implies more fund misuse by the agent, who can
get away with misusing more without being audited. But the larger audit threshold also saves
audit costs. This is the key trade-off when setting the audit threshold. The interior solution
a∗

2 = cA/λ optimally trades off the additional fund misuse from increasing the threshold and
the saved audit cost. Consequently, a larger audit cost cA or a smaller disutility from addi-
tional fund misuse (equal to the cost of funds λ) increases the audit threshold, that is, leads to
less auditing in the interior solution.

If b = u—where the yearly budget is enough to fulfill all spending needs for certain—or if
b < b2—where some funds were rolled-over from the previous year—then the interior solu-
tion is optimal unless cA/λ ≤ b is binding, in which case the corner solution is optimal. These
are the technically well-behaved cases, because there are no discontinuities in the principal ex-
pected utility function for a2 ∈ [0, b].

However, if b = b2 < u, then there can be a discontinuity at a2 = b. To understand why
there is a discontinuity, note that b2 < u implies that the budget constraint for the agent is
binding for all realizations θ2 ∈ (b2, u]. Consequently, a probability mass of at least 1 − G(b2)
is spending s2 = b2. So when comparing the principal utility at a2 = b2 − ε with ε > 0 small
(which audits s2 = b) and at a2 = b2 (which does not audit s2 = b), this probability mass in-
troduces a discontinuous jump in saved audit costs. Case (ii) in Proposition 4 shows that the
corner solution might be optimal due to the discontinuity even if the interior solution is in fact
in the interior. This happens in particular if b2 is sufficiently small, whereas the interior is fa-
vored if λ is sufficiently large.

Budget b can also have an effect on the optimal audit rule. Whereas the audit threshold
of the interior solution does not depend on the budget, it does in part determine whether a
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16 siemroth

corner solution with little auditing is optimal. As a∗
2 = min{cA/λ, b} in part (i) suggests, a

larger budget tends to favor the interior solution and increase audit activity. For small bud-
gets, the corner solution prescribes less auditing, since there is less room for fund misuse. For
large budgets, the probability of the budget exceeding spending needs increases, so fund mis-
use is more problematic and auditing more useful.

3.5. The Optimal Year 1 Audit Rule. Closed-form solutions for the optimal year 1 audit
threshold (if the roll-over rule is ineffective, x̂ = 0) and for the optimal year 1 audit interval (if
the roll-over rule is effective, x̂ > 0) are derived in the online appendix. The expressions are
long and complex, so I only summarize the main take-aways here. The main qualitative differ-
ences between threshold and interval rules are discussed with Propositions 1 and 2.

First, Proposition A.6 in the online appendix shows that the optimal audit rule in year 1 if
x̂ = 0 is more complex than the one in year 2, because the principal has to take the effects
on year 2 into account when setting audit threshold a1. Setting a lower audit threshold—that
is, auditing more—means there is less fund misuse and more saving by the agent. If fund roll-
over is allowed, then more auditing implies a larger budget in year 2 for small θ1-realizations,
which can benefit both agent and principal by fulfilling additional spending needs. Conse-
quently, the principal in year 1 tends to audit more than in year 2 in order to induce more roll-
over (Prop. A.6(iii)).

Otherwise, the year 1 audit threshold behaves very much like the year 2 audit threshold,
increasing with audit costs and decreasing with the cost of funds. For large b, the year 1 and
year 2 audit thresholds are identical. For the maximum budget b = u, this is easy to see, be-
cause then both years are ex ante identical, since the second year has enough budget to fulfill
all spending needs even without fund roll-over.

Second, Proposition A.7 in the online appendix shows that the optimal interval audit rule
(if x̂ > 0) in some situations audits less and prevents less fund misuse than if the principal was
forced to use a threshold rule. This is because marginally preventing more fund misuse un-
der an interval requires both a reduction of the lower audit interval border a1 and an increase
in the upper audit interval border a1 to keep spending s1 = a1 incentive-compatible. Conse-
quently, the marginal cost of preventing more fund misuse is higher under an interval rule
than under a threshold rule, where the audit region is only extended in one direction. Thus,
the interval rule audits less and prevents less fund misuse in some situations. But the principal
is nevertheless weakly better off with the interval rule, because the interval audit rule allows
her to save audit costs.17

Unless the optimum is a corner solution, the optimal audit interval expands with a lower
audit cost and a larger cost of funds. For very large audit costs, the audit interval is empty, so
only the roll-over incentive prevents maximum fund misuse by the agent. For very small au-
dit costs, the optimal audit interval can be large enough to include spending s1 = b, and is thus
outcome-equivalent to a threshold rule.

3.6. Optimal Policy. The previous propositions maximized principal expected utility for
each instrument, holding the others constant. However, the optimal policy requires all instru-
ments to be jointly optimal. The optimal policy needs to specify the following instruments.
First, the audit rule in year 1, which needs to specify an audit threshold a1 and whether the
audit rule is a threshold or an interval rule. Second, the audit rule in year 2, which is always
a threshold rule, and needs to specify the spending threshold a2 above which the agent is au-
dited. Third, the roll-over rule �, which is the share of saved funds in year 1 that is added to
the agent’s budget in year 2.

The optimal year 2 audit threshold is independent of the other instruments, so the propo-
sition applies directly. However, the roll-over rule and year 1 audit rule are interdependent.

17 Notice the difference between marginal and total expected audit cost: An interval rule has a higher marginal cost
of auditing compared to a threshold rule. But, because the interval rule prevents some fund misuse for free, due to
the agent roll-over x̂ > 0, it has a lower total expected audit cost.
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ending wasteful year-end spending: on optimal budget rules in organizations 17

According to Proposition 3, the optimal roll-over rule is �∗ = 1 if α ≥ 1/2 or if b is sufficiently
large, independent of a1. But if �∗ ∈ (�maxx̂, 1], then the exact optimum in that interval can
depend on a1.

In the following, “no auditing” in year 1 means not auditing any possible spending amount.
“No auditing” in year 2 means a2 = b in year 2, which is the least auditing possible under the
assumption of at ≤ b,18 so no spending amount s2 ∈ [0, b] is audited. “Active auditing” means
at least one spending amount in st ∈ [0, b] is audited.

Overall, in the optimal policy, full fund roll-over can be consistent with auditing and with no
auditing. Similarly, auditing can be consistent with full and only partial fund roll-over, depend-
ing on parameters. However, if the year 1 audit rule is a threshold rule, then only full fund
roll-over can be optimal, since the threshold rule does not benefit from more agent saving. An
interval rule in year 1, on the other hand, can be consistent with both full and partial fund roll-
over. Proposition 5 describes the optimal policy in several distinct situations, and follows from
the previous propositions.19 Online appendix B.2 derives the optimal policy even for ambigu-
ous cases numerically.

Proposition 5.

(i) If α > 1/2, then full fund roll-over is optimal (�∗ = 1) independent of the audit rules.
(ii) Fix u and α. If b is sufficiently large and cA/λ is sufficiently small relative to b, then the

optimal policy is active auditing in both years (at
1 = a∗

2 = cA/λ < b) and a full roll-over
of unused funds (�∗ = 1). The audit rules are threshold rules.

(iii) Fix u. If α is sufficiently small, b is sufficiently small but b >
(1−α)u

2 , and cA/λ is suffi-
ciently small relative to b, then the optimal policy is active auditing in both years, with an
interval rule in year 1 (ai

1 ≤ 2cA/λ) and a threshold rule in year 2 (a∗
2 = cA/λ). A partial

roll-over of unused funds may be optimal (�∗ ∈ (�max x̂, 1]).
(iv) Fix u and b ≤ (1−α)u

2 . Then the optimal policy is an interval audit rule with no auditing
(ai

1 = b − x̂) in year 1 and a full roll-over of unused funds (�∗ = 1). In year 2, auditing
uses a threshold rule, either with active auditing if cA/λ is sufficiently small relative to b,
or with no auditing if cA/λ is sufficiently large relative to b.

(v) Fix u. If α is sufficiently small, b is sufficiently small but b >
(1−α)u

2 , and cA/λ is suffi-
ciently large relative to b, then the optimal policy is no auditing in both years (a∗

1 = a∗
2 =

b). A partial roll-over of unused funds may be optimal (�∗ ∈ (�max x̂, 1]).

Intuitive explanations for these results are as follows: In part (i), if the agent benefit from
fund misuse is large enough, then no partial roll-over (� < 1) can induce the agent to save
more (compared to full roll-over � = 1), as fund misuse is too attractive in comparison. Since
the only reason to use partial roll-over is that this induces more saving by the agent, this con-
dition implies that full roll-over is optimal.

In part (ii), if audit costs in relation to the cost of funds (cA/λ) are sufficiently small and
budget b is sufficiently large, then threshold audit rules with active auditing (i.e., low audit
thresholds) are optimal. This is because lower audit costs and a higher cost of funds (which is
the same as the cost of fund misuse) make auditing attractive to prevent more fund misuse.
Moreover, since budget b is large, it is not possible to induce the agent to save more via partial
roll-over (similar in part (i)). Thus, full roll-over (� = 1) is optimal.

In part (iii), a small agent benefit to fund misuse α means that fund misuse is not attractive
and a small budget b means it is likely that not all spending needs can be met next year with-
out roll-over. Thus, the agent would rather save to roll-over than misuse all leftover funds, and

18 If funds are rolled over by the agent and are at least partially used, then spending is s2 > b = a2 and hence trig-
gers an audit. Otherwise no audit occurs.

19 The conditions “cA/λ sufficiently small” and “α sufficiently small” mean these parameters should be sufficiently
close to zero. “b sufficiently large” means it should be sufficiently close to u, the maximum realization of θt and upper
bound for b.
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18 siemroth
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Notes: The Roman numerals correspond to the cases in Proposition 5. Area ∗ represents indeterminate cases, where
either full or partial roll-over may be optimal.

Figure 5

schematic plot of optimal policy as a function of agent benefit from fund misuse α and budget b, when cA/λ is
sufficiently small

so observing spending in year 1 close to b means that the spending need θ1 requires such large
spending. Hence, auditing spending close to b is unnecessary. This makes an interval audit rule
optimal, with a large audit interval since audit costs relative to the cost of funds (cA/λ) are
small. In year 2, a threshold rule with active auditing is optimal (similar in part (ii)). The con-
straint b >

(1−α)u
2 means that the agent does not want to save all possible leftover funds with

a full roll-over rule, hence a partial roll-over (� < 1) can increase the savings amount further,
which may be optimal, in particular if λ is large (see Proposition 3).

In part (iv), b ≤ (1−α)u
2 means the budget is so low that the agent wants to save all unused

funds for any possible θ1 realization even if full roll-over is allowed. Hence, there is no fund
misuse in year 1. And, thus, there is no reason to use partial roll-over to increase saving fur-
ther, so a full roll-over is optimal. In year 2, depending on the audit costs relative to the cost
of funds, either active or no auditing is optimal.

Finally, in part (v), high audit costs relative to the cost of funds make no auditing optimal.
The small agent benefit of fund misuse and small budget mean that the agent wants to save
leftover funds for roll-over if possible. A partial roll-over may be optimal due to b >

(1−α)u
2

as in part (iii), as it can increase the agent savings amount further compared to a full roll-
over rule.

Figure 5 schematically plots Proposition 5 for the case where cA/λ is sufficiently small. The
lower left triangle is determined by the condition b ≤ (1−α)u

2 , where auditing in year 1 is un-
necessary, which is illustrated via the gray shading. Outside the gray area, active auditing is
optimal due to audit costs being small. The region just above the gray triangle, with b >

(1−α)u
2

but α and b still small, is the area where partial roll-over may be optimal. The area just above
it, marked by ∗, is indeterminate and not covered in Proposition 5: depending on parameters,
either partial or full roll-over is optimal. In the top and right areas with large α and large b,
full roll-over with active auditing are optimal.
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ending wasteful year-end spending: on optimal budget rules in organizations 19

Notes: The Roman numerals correspond to the cases in Proposition 1. Area ∗ represents indeterminate cases, where
either full or partial roll-over may be optimal.

Figure 6

schematic plot of optimal policy as a function of agent benefit from fund misuse α and budget b, when cA/λ is
sufficiently large

Figure 6 schematically plots Proposition 5 for the cases where cA/λ is sufficiently large. In
these cases, no auditing is optimal. As before, partial roll-over may be optimal in the area just
above b = (1−α)u

2 where α and b is small, otherwise a full roll-over policy is optimal.

4. extensions and robustness

Extensions and the discussion of robustness are delegated to the online appendix. I will
only briefly summarize the take-aways here.

Online appendix B.1 lets the principal decide the budget amount b as well as the audit poli-
cies and roll-over rule as before. Then it can be analytically shown that the principal under-
funds (b∗ < u) the agent if audits (cA) and funds (λ) are very costly. Thus, underfunding the
agent to prevent misuse is the optimal policy. In these cases, partial roll-over as well as inter-
val auditing can be optimal as well. This means the principal knows that there is a positive
probability the agent cannot fulfill all spending needs, reducing the principal utility, but this is
better than the expected fund waste with a higher budget. Otherwise, either with sufficiently
small audit costs or sufficiently small cost of funds, the maximum budget is optimal.

Online appendix B.2 calculates the optimal policy (budget, roll-over policy, audit rules, and
punishment) for various parameter profiles, and demonstrates when partial roll-over and in-
terval audit rules are optimal. Online appendix B.3 argues that, if endogenous budgets can
be different in both years, then the year 2 budget should be weakly smaller than the year 1
budget. In practice, this means budgets could be reduced over time, as the possibility to save
up over time offsets the lower budget, and indeed incentivizes the agent to save more. On-
line appendix B.4 discusses how probabilistic auditing could be easily allowed if punishment
was endogenous. Allowing probabilistic auditing produces qualitatively similar results as in
the present model, except it effectively reduces audit costs.

Online appendix B.5 discusses the effect of using a distribution other than the uniform dis-
tribution for the spending needs realizations θt . In short, i.i.d. draws from any other continu-
ous distribution on a compact interval and full support produces the same qualitative results:
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20 siemroth

either a threshold or interval audit rule (only in year 1) is optimal, and a roll-over rule in the
interval (�max x̂, 1] remains optimal. Finally, online appendix B.6 demonstrates a mechanism
design approach to find the optimal audit rule.

5. concluding remarks

Agents routinely spend sizable portions of their annual budgets in the last month or even
week of the fiscal year, before the budgets expire. There is mounting evidence that this use-
it-or-lose-it spending is of low value to the principal. And this sort of waste appears to be
widespread in public-sector organizations around the world. This article studies various in-
struments to limit such wasteful year-end spending. In short, rolling over unused funds to the
next year should be allowed, and in some cases it might be optimal to “tax” the roll-over, so
that only a fraction of saved funds are available next year. Audits and punishment to deter
fund misuse are more costly options, and can be optimal for sufficiently large budgets (rela-
tive to likely spending needs), not too large audit costs, or for a sufficiently large cost of funds.
Normally, absent roll-over, the optimal audit rule audits all spending above a specific spend-
ing threshold. If fund roll-over is allowed and effective, then the optimal audit rule changes,
so that only a range of spending amounts in the interior of the budget set should be audited.
Hence, allowing fund roll-over has implications for auditors and changes the shape of the op-
timal audit rule.

Some organizations allow their employees to spend some of their budget or expense ac-
count balance for private benefit, which is viewed as a perk and might make the organization
more attractive as employer. This is consistent with the model in this article, by including
these perks in the definition of legitimate spending needs and not classifying them as fund
misuse. Accordingly, this article does not take a strong stance on what constitutes undesirable
spending, but investigates how to minimize it once it is properly defined.

This article is only a first step in the analysis of optimal budget rules. Open questions re-
main. What are the optimal audit rules if there is weak punishment, so that auditing is not al-
ways an effective deterrent? How does the optimal roll-over rule change in an infinite-horizon
setting where large savings might accumulate? How do the optimal budget rules change once
a ratchet effect sets in? Beyond budgets, what is the optimal mechanism in this setting without
institutional constraints? These are difficult questions, but the problem of wasteful spending is
an important one and good answers can potentially save organizations a lot of money.

appendix A: background calculcations

A.1. Principal Expected Utility (EU) Given Agent Reaction. First, define the second-year
EU as a function of the second year budget as

V (b2) :=
∫ a2

0
(θ2 + λ(b2 − a2))dG(θ2) +

∫ b2

a2

(θ2 + λ(b2 − θ2) − cA)dG(θ2) +
∫ u

b2

(b2 − cA)dG(θ2).

Now we can write out the principal EU given the agent reaction function over both years. If
the roll-over rule is ineffective (x̂ = 0), the principal uses a threshold audit rule in both years:

EU =
∫ a1

0
[θ1 + V (b + �(b − a1)) + λ(1 − �)(b − a1)]dG(θ1)

+
∫ b

a1

[θ1 − cA + V (b + �(b − θ1)) + λ(1 − �)(b − θ1)]dG(θ1)

+
∫ u

b
[b − cA + V (b)]dG(θ1) − 2λb.

(A.1)
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ending wasteful year-end spending: on optimal budget rules in organizations 21

In the first line, the year 1 spending needs realize below the audit threshold, θ1 ≤ a1, so the
agent fulfills all spending needs and misuses funds until spending reaches the audit thresh-
old, but no higher, to avoid punishment. The principal does not incur audit costs in year 1
as the audit threshold a1 is not exceeded. Since the agent does not spend everything, amount
�(b − a1) is rolled over to year 2, and amount (1 − �)(b − a1) is returned to the principal at
marginal utility λ.

In the second line, spending needs realize between the audit threshold and the available
budget b. Hence, the agent fulfills the spending needs but does not misuse funds, since fulfill-
ing spending needs already puts the spending above the audit threshold, and additional mis-
use would trigger punishment. The principal incurs audit costs. Since the agent does not spend
everything, amount �(b − θ1) is rolled over to year 2.

In the third line, the spending needs exceed the budget b. Hence, the agent cannot fulfill all
spending needs due to the budget constraint, but fulfills as many needs as possible by spend-
ing everything. The principal incurs audit costs (unless a1 = b). No funds are rolled over. The
cost of funds over both years (without returns) is 2λb.

Next, if the roll-over rule is effective (x̂ > 0), then the principal uses an interval audit rule,
as defined in Proposition 2, with a1 ≤ b − x̂ ≤ a1, in year 1, so the principal EU is

EU =
∫ a1

0
[θ1 + V (b + �(b − a1)) + λ(1 − �)(b − a1)]dG(θ1)

+
∫ a1

a1

[θ1 − cA + V (b + �(b − θ1)) + λ(1 − �)(b − θ1)]dG(θ1)

+
∫ b

a1

[θ1 + V (b + �(b − θ1)) + λ(1 − �)(b − θ1)]dG(θ1)

+
∫ u

b
[b + V (b)]dG(θ1) − 2λb.

(A.2)

No audit cost is paid for large spending amounts exceeding a1, because the principal can be
sure this spending is justified, since the agent wants to save these funds for roll-over unless
a large θ1-realization requires such high spending. Hence, misuse of funds does not have to
be discouraged via audit, since the savings and roll-over incentives already achieve this, which
saves the principal audit costs.

A.2. Proofs. Proof of Proposition 1. I will show that the agent reaction to any non-
threshold rule can be replicated with a threshold rule. Take any nonthreshold audit rule R(s),
and define r as min r ∈ R such that R(r) = 0 and there exists no s > r with R(s) = 0. Then,
rule R(s) leads to the same agent spending decisions as a threshold rule A(s) with a = r.
This is because the agent best responds by spending st = a = r whenever θt ≤ a = r and st = θt

whenever θt > a = r under either rule.
If no minimum r as specified above exists, then use a threshold rule that also audits at the

threshold, A(s) = 1 whenever s = a, and is otherwise the same. Again take any nonthreshold
audit rule R(s), and define r := {max r ∈ R : R(r) = 1}. Then rule R(s) leads to the same agent
reaction as the threshold rule with a = r. Hence, a threshold rule can always be part of the op-
timal policy. �

Proof of Proposition 2. Absent auditing, agents spend s1 = b − x̂ if θ1 ≤ b − x̂ by construc-
tion of x̂, and s1 = min{θ1, b} if θ1 > b − x̂. To decrease fund misuse further for θ1 ≤ b − x̂, a
continuous interval s1 ∈ (a1, a1) has to be audited, with a1 < b − x̂ and a1 > b − x̂ for incen-
tive compatibility. This is the class of interval rules. An interval rule with a1 = a1 = b − x̂ is a
special case that does not audit. Hence, the optimal audit rule is in the family of interval rules.
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22 siemroth

In the next step, I narrow down what kind of interval rule is optimal. Setting a1 < b − x̂ re-
quires a specific a1 so that certain agent types do not misuse funds, that is, so that spending
s1 = a1 is incentive-compatible.

The difference in agent utility of spending s1 = a1 versus spending s1 = a1 if θ1 ≤ a1, which
needs to be nonnegative for those agents to choose s1 = a1, is:

∫ b+�(b−a1 )

b+�(b−a1 )
θ2 − (b + �(b − a1))dG(θ2) +

∫ u

b+�(b−a1 )
�(a1 − a1)dG(θ2) − α(a1 − a1)

= (a1 − a1)(a1�
2 + a1�

2 − 2b�(1 + �) − 2αu + 2�u)
2u

= 0,

(A.3)

a quadratic equation in a1, which is trivially fulfilled for a1 = a1. The other solution is

a1(a1) = 2b�(1 + �) + 2αu − 2�u − a1�
2

�2
,

for which agents with θ1 ≤ a1 are indifferent and hence s1 = a1 is incentive-compatible. More-
over, it is easy to see that any θ1 ≥ b − x̂ spends s1 = θ1 by construction of x̂. And any θ1 ∈
(a1, b − x̂) has a positive difference in expected utility between setting s1 = θ1 and s1 = a1 if
(A.3) is fulfilled.

I will now show that interval rules for which (A.3) is negative are dominated by one for
which it is zero. Such an alternative is constructed as follows: Determine a1 < a1 such that
(A.3) holds. Keeping a1 fixed, reduce a1 slightly to a′

1 < a1 with b − x̂ < a′
1. As a consequence,

types θ1 ≤ a1 switch from s1 = a1 to s1 = a′
1. But there is a marginal type θ ′

1 ∈ (a1, b − x̂) who
is indifferent between s1 = θ ′

1 and s1 = a′
1. Any θ1 > θ ′

1 strictly prefers s1 = θ1.
Under rule (a1, a′

1) just constructed, any θ1 < θ ′
1 sets s1 = a′

1, since θ ′
1 is the marginal type,

whereas any θ1 ≥ θ ′
1 sets s1 = θ1. The ex ante audit cost in year 1 is therefore cA(a′

1 − θ ′
1)/u,

and the ex ante fund misuse in year 1 is

∫ θ ′
1

0
a′

1 − θ1dG(θ1) = a′
1θ

′
1 − θ ′

1
2
/2

u
.

Abusing notation, now consider instead the interval rule a1 = θ ′
1 and a1 = a′

1. That is, the up-
per bound is the same, but the lower bound is larger, compared to the previous rule. Since θ ′

1
is the marginal type for whom s1 = θ1 is weakly better than s1 = a′

1 = a1, it follows that this
rule sets (A.3) to zero. Consequently, all θ1 ≤ a1 set s1 = a1 as well, as their decision prob-
lem between s1 = a1 and s1 = a1 is the same as for θ1 = θ ′

1. And all θ1 > a1 set s1 = θ1. Con-
sequently, the ex ante audit cost under this rule is cA(a1 − a1)/u, which is identical to the pre-
vious rule, because a1 = a′

1 and a1 = θ ′
1. However, the ex ante fund misuse under this rule is

smaller,

∫ a1

0
a1 − θ1dG(θ1) = a2

1 − a2
1/2

u
= θ ′

1
2 − θ ′

1
2
/2

u
<

a′
1θ

′
1 − θ ′

1
2
/2

u
,

since a′
1 > θ ′

1. Therefore, any interval rule for which (A.3) is negative is dominated by one for
which it is zero. And clearly, any rule for which (A.3) is positive is suboptimal as well, as it
could audit less and still achieve the same spending decisions by the agent. Hence, the interval
rule that fulfills IC (A.3) with equality is best. �

Proof of Proposition 3.

(i) First, I am going to show that x̂ is maximized for � set to (3). Plugging the inverse
of the uniform cumulative distribution function (CDF) into the expression for x̂ in (1)
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ending wasteful year-end spending: on optimal budget rules in organizations 23

yields

�maxx̂ = arg max
�∈[0,1]

(
1
�

− α

�2

)
u − b

�
.

Only consider � ≥ α, since α > � implies x̂ < 0 and hence x̂ = 0, and so can be ruled
out as maximum. Clearly, for � ≥ α, x̂ is continuous, so by the maximum theorem a
maximizing � exists on [α, 1]. Differentiating with respect to � once yields

− u
�2

+ 2αu
�3

+ b
�2

,(A.4)

with an interior solution to the necessary first-order condition, and upper bound, at

�maxx̂ = min
{

2αu
u − b

, 1
}
,

which strictly exceeds α for all parameter values, and is positive due to the assumption
of b ≤ u. The objective x̂ is not in general strictly concave in �, but it can still be shown
that (3) is a maximum.
To show this, note both x̂ as well as the first derivative is continuous for � > 0. More-
over, setting derivative (A.4) to zero reduces it to a linear function, which implies there
is only one solution to the first-order condition and this solution cannot be a saddle
point. Furthermore, derivative (A.4) is strictly positive at � = α for any u ≥ b, so the
solution to the first-order condition is a maximum. Consequently, (3) maximizes x̂.
Second, if x̂ > 0, then an interval audit rule with a1 ≤ b − x̂ is used (Proposition 2).
While keeping a1 fixed, a change in � can change b − x̂, and consequently a1(a1) fulfill-
ing the incentive-compatibility constraint (A.3) changes. This �-change affects the ex-
pected audit cost and hence principal EU, whereas expected fund misuse remains the
same when keeping a1 fixed.
Consider a1 such that a1(a1) < b. Taking the derivative of the principal EU in (A.2)
with respect to �, using Leibniz’ integral rule and simplifying, yields

∫ a1

0

∂V (b + �(b − a1))
∂b2

· ∂b2

∂�
− λ(b − a1)dG(θ1)

+
∫ b

a1

∂V (b + �(b − θ1))
∂b2

· ∂b2

∂�
− λ(b − θ1)dG(θ1) − ∂a1(a1)

∂�
cAg(a1).

(A.5)

Clearly, ∂V (b2 )
∂b2

= 1 − (1 − λ)G(b2) ∈ [λ, 1], ∂b2
∂�

= b − a1 or ∂b2
∂�

= b − θ1, respectively.

Moreover, based on (A.3), ∂a1(a1 )
∂�

= a′
1 > 0 if ∂(b−x̂)

∂�
> 0, which in turn occurs iff � >

�maxx̂, as the first part just showed. Similarly, a′
1 < 0 if � < �maxx̂, and a′

1 = 0 if � =
�maxx̂. Plugging these in, the derivative becomes

∫ a1

0
(b − a1)[1 − (1 − λ)G(b2) − λ]dG(θ1)

+
∫ b

a1

(b − θ1)[1 − (1 − λ)G(b2) − λ]dG(θ1) − a′
1cAg(a1),

which is nonnegative for any � < �maxx̂, as 1 − (1 − λ)G(b2) ≥ λ, so all three terms are
weakly positive. At � = �maxx̂, the first two terms are weakly positive, whereas the last
is zero, so the derivative is nonnegative. And for � > �maxx̂ sufficiently close to �maxx̂,
the last term is negative (since x̂ > 0 at � = �maxx̂ by assumption) whereas the first two
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24 siemroth

are weakly positive. Consequently, this derivative is nonnegative for any � ≤ �maxx̂,
but can be zero and negative in � > �maxx̂, indicating a maximum in that range.
Third, consider a1 such that a1(a1) > b. In this case, the change of � does not change
a1(a1) > b. Taking the derivative of (A.2) with respect to �, and simplifying as in the
previous part yields

∫ a1

0

∂V (b + �(b − a1))
∂b2

· ∂b2

∂�
− λ(b − a1)dG(θ1)

+
∫ b

a1

∂V (b + �(b − θ1))
∂b2

· ∂b2

∂�
− λ(b − θ1)dG(θ1) ≥ 0.

(A.6)

By assumption, a1(a1) < b at � = �maxx̂. If, in addition, a1(a1) > b at � = 1, then an in-
crease in a1 due to an increase in � can cause a1 > b, which in turn causes a discontin-
uous increase in expected audit costs of cA(u − b)/u > 0 and a discontinuous drop in
the principal EU of the same amount. This favors a � < 1. Moreover, whether deriva-
tive (A.5) or (A.6) is valid depends on �. Taken together, principal EU is potentially
decreasing in � when (A.5) is valid, weakly increasing when (A.6) is valid, and discon-
tinuously decreasing when switching from (A.5) to (A.6). These calculations imply the
optimal roll-over rule is �∗ ∈ (�maxx̂, 1].
Moreover, if x̂ = b at � = 1, then �∗ = 1 maximizes x̂ and maximizes the roll-over,
hence we can rule out any � < 1 as optimal rule.
Note that 1 − (1 − λ)G(b2) − λ becomes arbitrarily small as λ → 1, whereas a′

1cAg(b −
x̂) is independent of λ (see (A.3) which determines a′

1 and does not depend on λ). Con-
sequently, the derivative (A.5) is negative at � >> �maxx̂, so a �∗ ∈ (�maxx̂, 1) is opti-
mal.

(ii) Since x̂ is maximized at �maxx̂, a1 ≤ b − x̂ with x̂ = 0 at � = �maxx̂ implies x̂ = 0 and
a1 ≤ b − x̂ = b for any �. In this case, taking the derivative of (A.1) with respect to �

yields

∫ a1

0
(b − a1)[1 − (1 − λ)G(b2) − λ]dG(θ1) +

∫ b

a1

(b − θ1)[1 − (1 − λ)G(b2) − λ]dG(θ1) ≥ 0

due to 1 − (1 − λ)G(b2) ≥ λ. Hence, �∗ = 1 is optimal in this case, though may not be
the only optimum. If �maxx̂ = 1, then as shown above, principal EU cannot decrease in
� for � < �maxx̂, so �∗ = 1 is optimal. If x̂ = b at � = 1, then � = 1 maximizes x̂ even
if �maxx̂ < 1 since the min-operator in x̂ is binding. Consequently, �∗ = 1 is optimal. Fi-
nally, if a1(a1) > b at � < �maxx̂ < 1, then a′

1 = 0 and hence the derivative in (A.5) is
nonnegative, hence �∗ = 1 is optimal.

�

Proof of Proposition 4.

(i) Using Leibniz’ integral rule, the marginal principal EU of changing the threshold a2 is

∂EU
∂a2

= ∂V (b2)
∂a2

= (a2 + λ(b2 − a2))g(a2) +
∫ a2

0
−λdG(θ2) − (a2 + λ(b2 − a2) − cA)g(a2)

= −λG(a2) + cAg(a2).(A.7)

The maximization problem for a2 is strictly concave, as using the uniform probability
density function (PDF) and CDF and differentiating the marginal utility in (A.7) yields
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ending wasteful year-end spending: on optimal budget rules in organizations 25

−λ/u < 0. Hence, a unique interior solution is guaranteed, and using the uniform PDF
and CDF in (A.5) and rearranging yields

a∗
2 = cA

λ
.

If b = u or b < b2, then there is no discontinuity at a2 = b, since there is no probabil-
ity mass point at s2 = b given the agent reaction function. Hence, by strict concavity,
the interior solution is the optimal policy, unless the constraint cA/λ ≤ b is binding, in
which case the corner solution is optimal.
However, if b2 = b < u, then there is a discontinuity at a2 = b, since all θ2 ∈ [b, u] agent
types spend s2 = b due to the budget constraint. So even if cA/λ ≤ b is not binding,
the corner solution can be optimal due to the discontinuity. The interior solution (given
cA/λ ≤ b) is optimal in this case if and only if

∫ a∗
2

0
θ2 + λ(b2 − a∗

2)dG(θ2) +
∫ b2

a∗
2

θ2 + λ(b2 − θ2) − cAdG(θ2) +
∫ u

b2

b2 − cAdG(θ2)

≥
∫ b2

0
θ2dG(θ2) +

∫ u

b2

b2dG(θ2) ⇐⇒ b2
2λ

2
+ c2

A

2λ
≥ ucA,(A.8)

where the left-hand side is the expected principal utility in year 2 from using the inte-
rior solution a∗

2 = cA/λ and the right-hand side is the principal expected utility from us-
ing a2 = b.

(ii) If, instead, (A.8) is not fulfilled, then the corner solution a2 = b is optimal.

�

Proof of Proposition 5. Since the year 2 audit threshold is independent of both a1 and �,
as it can condition on b2, the optimal a∗

2 in Proposition 4 is optimal for all a1 and �.

(i) If α > 1/2, then �maxx̂ = 1, hence �∗ = 1 according to Proposition 3. Similarly,
�maxx̂ ≥ 1 ⇐⇒ b ≥ u(1 − 2α). Since b ≥ u(1 − 2α) is fulfilled whenever α > 1/2, the
former condition is not separately needed.

(ii) Fix u and α. If b is sufficiently large (relative to u) and cA/λ is sufficiently small (rela-
tive to b), then at

1 = a∗
2 = cA/λ is optimal for any � > α according to Propositions A.6

and 4. Moreover, for b large enough, x̂ = 0 for any � ∈ [0, 1], so the year 1 audit rule
is a threshold rule, and hence �∗ = 1 is optimal according to Proposition 3(ii). Since
x̂ = 0 at � = 1 whenever b > (1 − α)u, this condition requires b to be large relative to
u or −α.

(iii) Fix u. Small α and b imply x̂ > 0 ⇐⇒ (1 − α
�

)u > b, so the year 1 audit rule is an in-

terval rule. If in addition b >
(1−α)u

2 , then x̂ < b at � = 1. Small α also implies �maxx̂ <

1, hence �∗ ∈ (�maxx̂, 1] is optimal if a1(ai
1) < b according to Proposition 3(i). More-

over, a sufficiently small cA/λ and hence 2cA/λ (relative to b) implies active auditing is
optimal in both years (Propositions 4 and A.7), that is, ai

1 ≤ 2cA/λ, a∗
2 = cA/λ < b.

(iv) Fix u. If b ≤ (1−α)u
2 , then x̂ = b at � = 1. Hence, no � < 1 can increase x̂, thus � = 1 is

optimal (Proposition 3). Since x̂ > 0, an interval audit rule is optimal in year 1. More-
over, since x̂ = b, the agent does not misuse funds for any realization θ1, thus no au-
diting in year 1 is optimal. In year 2, either active auditing (a∗

2 = cA/λ) if cA/λ is suffi-
ciently small (relative to b) or no auditing (a∗

2 = b) if cA/λ is sufficiently large (relative
to b) is optimal (Propositions A.7 and 4).

(v) Fix u. As in (iii), small α and b imply x̂ > 0, so the year 1 audit rule is an interval
rule. A large cA/λ relative to b implies ai

1 = b − x̂, a∗
2 = b, which also implies a1(a1) =
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26 siemroth

b − x̂ < b. If b >
(1−α)u

2 , then x̂ < b at � = 1. Small α also implies �maxx̂ < 1, hence
�∗ ∈ (�maxx̂, 1] is optimal according to Proposition 3(i).

�

SUPPORTING INFORMATION

Additional supporting information may be found online in the Supporting Information sec-
tion at the end of the article.
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