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A B S T R A C T

One fourth of the 196 countries we surveyed adopts some form of day fines — that is, fines
that increase with the wealth of the offender — and does so for moderate, non-monetary
violations. We offer a model of optimal deterrence with decreasing marginal utility of wealth
and unequal wealth distribution that rationalizes this pattern. We show that uniform fines are
optimal when harm from crime is low, non-monetary sanctions when it is high, and day fines
in the intermediate region. The introduction of day fines reduces the (optimal) use of non-
monetary sanctions and restores deterrence for the rich, as compared to uniform fines. The scope
for day fines increases with wealth inequality and decreases with the cost of wealth verification.

A fine fixed by law will never be a punishment
equal to itself, on amount of differences of
fortune.

Bentham (1864), p. 336

. Introduction

Dangling the average speeding ticket ($150 in the United States) in front of the owner of a $2.2-million limited-edition
amborghini Reventón Roadster does little to deter speeding.1 As noted by Bentham (1864, p. 336) two centuries ago, a fine has
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Fig. 1. Day fines around the world.
Source: Own data described in Sec-
tion 2.

a smaller deterrent effect the wealthier the individual.2 Concerns for inequality have directed the academic discourse in economics
towards taxation (Batchelder and Kamin, 2019; Saez and Zucman, 2019; Raskolnikov, 2021) and proposals for higher effective tax
rates on the very rich are prominent on the policy agendas of many national governments and international organizations (Zucman,
2024). The focus on redistribution has left another fundamental pillar of state power, law enforcement, in the shadow (Harris
et al., 2022). Yet, in response to concerns about deterrence, one fourth of the 196 countries we surveyed has implemented ‘‘day
fines’’ — fines computed in days of income (a proxy for wealth) rather than money — and has done so in particular for moderate
on-monetary violations, leaving less harmful violations to be punished with uniform fines and serious crimes to be subjected to
on-monetary sanctions. We rationalize this pattern in a model of law enforcement with decreasing marginal utility of wealth and
nequal wealth distribution.

While the e116,000 speeding ticket levied in Helsinki in 2001 understandably made world news,3 in Finland day fines have been
in place for over one hundred years without much clamor. Other civil law countries have followed suit so that today about one
third of them adopts day fines. In contrast, no common law country has adopted day fines (see Fig. 1 and Table A.1). In Section 2,
we provide a description of our novel dataset — the largest available — and show that the adoption of day fines is correlated with
igher wealth inequality in civil law countries (common law countries do not adopt day fines).

Commentators note that uniform fines lead to very different ‘‘subjective experiences’’ depending on wealth (Kolber, 2009; Galle
and Mungan, 2020), under-deter the rich (Eriksson and Goodin 2007, p. 128; Kantorowicz-Reznichenko 2015; Schierenbeck 2018,
pp. 1877–1878), and expose the poor to disproportionate punishment (Hignite and Kellar, 2014)4 and indebtedness, which in turn
eads to additional sanctions, such as probation and imprisonment (Harris et al., 2010; Zedlewski, 2010; Colgan, 2018; Harris et al.,

2022), and sub-optimal bankruptcy proceedings (Morrison et al., 2020). Yet, the implementation of day fines rests on a costly and
mperfect assessment of each offender’s financial means prior to the determination of the fine to be levied.5 In this paper, we formally

address this trade-off.
We start by identifying the domain of application for day fines. If the harm or the benefits from crime have a ready monetary

quivalent — such as in property crimes — then an (expected) uniform fine set equal to the harm generally internalizes the external
osts of violations. Such a fine results in differentiated optimal levels of deterrence for the rich and the poor. If the rich are willing

2 Polinsky and Shavell (1979, p. 888) note: ‘‘Suppose that absolute risk aversion decreases with wealth and that the probability and fine cannot be made to
depend on wealth. Then, ceteris paribus, any given probability and fine would be less likely to discourage a wealthy individual from engaging in the activity
than a poor one’’.

3 In October 2001, a Nokia director was fined 14 days of income for driving on his Harley Davidson at 75 km/h (47 mph) in a 50 km/h (31 mph) zone
n central Helsinki. Given his personal financial situation, the resulting fine amounted to a staggering e116,000 or $103,600 at the time. Source: ‘‘Nokia boss

gets record speeding fine’’, BBC News, January 12, 2002. The story was also covered by The Atlantic (Joe Pinsker, ‘‘Finland, Home of the $103,000 Speeding
Ticket’’, March 12, 2015), along with other high-profile fines. Similar stories appeared in the Wall Street Journal (‘‘Finnish Drivers Don’t Mind Sliding Scale,
But Instant Calculation Gets Low Marks’’, January 2, 2001), NBC News (‘‘Europe slaps rich with bigger traffic fines’’, October 1, 2010) and the Mirror (Nigel
Atkins, ‘‘£80,000 speeding fine slapped on millionaire motorist because he’s RICH’’, October 15, 2013).

4 Oren Nimni, ‘‘Fines and Fees Are Inherently Unjust’’, Current Affairs, May 9, 2017; Alec Schierenbeck, ‘‘A Billionaire and a Nurse Shouldn’t Pay the Same
Fine for Speeding’’, The New York Times, March 15, 2018.

5 See, among others, Hillsman (1990), VIJ (1996), Hamilton (2004), Bartl (2012), Schierenbeck (2018), Kantorowicz-Reznichenko (2018), Drápal (2018),
Colgan (2019), Nagrecha (2020), Chin (2021), Hyatt et al. (2022). See also Tina Rosenberg, ‘‘Instead of Jail, Court Fines Cut to Fit the Wallet’’, The New
York Times, October 9, 2015; Perry and Kantorowicz-Reznichenko (2018) (extending the analysis to punitive damages); Blank and Glogower (2021) (proposing
that procedural rules be wealth-dependent). For a recent overview of the debate and the use of day fines in Europe, see Kantorowicz-Reznichenko and Faure
(2021). Arlen (1992) analyzed the relevance of the defendant’s wealth in a different context from ours: the setting of damages and due care in torts.
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to pay the fine to violate the law, the argument goes, it is efficient that they are able to do so, just like it is efficient that they buy
more of any other good on the market. Indeed, day fines are almost never used in such cases.

In other cases, however, it is desirable to ensure the same level of deterrence for the rich and the poor by imposing different
fines on them. To see why this may be the case, consider that in many scenarios — such as with speeding — both harm and benefits
are non-monetary and may not admit a monetary equivalent. In Section 3.1, we expand on this and several additional arguments
in support of the optimality of uniform deterrence, and show that they cover a wide range of violations. In reality, of course, the
optimal levels of deterrence for the rich and the poor may be somewhere in between the fully differentiated levels derived in a
model with monetary harm and the completely uniform ones we consider in our model. Yet, it is easy to see that the gist of our
analysis will continue to apply in all those cases in which it is optimal to drive the levels of deterrence of the rich and the poor
closer to each other than they would be under a uniform fine.

Next, in Section 3.2 we provide — the first, to our knowledge — formal model of the optimal choice between day fines and
uniform fines as deterrence devices and (in Sections 4 and 5) show that day fines improve deterrence and thereby reduce (the
ptimal) reliance on imprisonment. Our results do not rest on the fact that day fines reduce insolvency and hence the application
f alternative, non-monetary sanctions. Related, our analysis is different from models in which fines depend on wealth because of
he individuals’ wealth constraint (as in Polinsky and Shavell, 1991), and hence applies also when fines are well below individuals’
ealth. Our only driver is optimal deterrence.

In principle, day-fines correct two problems caused by uniform fines: under-deterrence of the rich and over-deterrence of the
poor (Polinsky and Shavell, 1979, p. 888). Yet, commentators typically focus on the former problem only. We show that the common

isdom is correct as the optimal uniform fine is (possibly severely) biased towards the fine that would be optimal for the poor alone.
his is because the rich are generally less numerous than the poor and hence weigh less on the determination of the optimal uniform
ine, which is then tailored towards the poor. We show that the same logic implies that optimally-set day fines result in a higher
evel of deterrence also on average — considering both rich and poor — compared with an optimally-set uniform fine, irrespective
f the costs of wealth verification.

When choosing between the two regimes, we find that day fines are more desirable than uniform fines in situations of low
ealth-verification costs, high inequality and large harm from crime.6 The intuition is that, in looking for second-best solutions, we
re weighing the inefficiencies of day fines — which originate in the need to verify wealth — with those of uniform fines — deriving

from their inability to differentiate between rich and poor. The latter problem, in turn, is magnified by high levels of inequality and
large harm from crime.

While tailoring the fine to an individual’s wealth makes it less likely that individuals cannot pay fines, insolvency remains
a problem even under day fines. We, therefore, consider non-monetary sanctions as an alternative to fines when individuals are
potentially insolvent. (We also show that non-monetary sanctions are never optimal in our model when individuals are solvent.)
Since the optimal fines increase with the harm from crime, when harm is larger, insolvency is a greater problem, and non-monetary
sanctions can be profitably implemented. In general, the optimal sanctions are a uniform fine for low levels of harm, day fines for
intermediate levels, and non-monetary sanctions for high levels. The availability of day fines reduces the scope for (optimally) relying
on non-monetary sanctions, which is in line with the wide-spread belief that day fines can be used to reduce incarceration (Zedlewski,
2010; Kantorowicz-Reznichenko, 2015, 2018).

To support our results, in Section 6 we provide a very simple, back-of-the-envelop calculation of the potential welfare gains from
the introduction of day fines in the United States and European countries that do not adopt them. Focusing on traffic accidents, the
imulation shows that there may be a substantial reduction in accident fatalities due to improved deterrence.

The economic literature on law enforcement has long assessed that individuals subject to enforcement are generally risk-
averse and have decreasing marginal utility of wealth (Polinsky and Shavell, 1979; Kaplow, 1992), that fines can be made
dependent on wealth (Polinsky and Shavell, 1984, 1991; Niv and Safra, 2002),7 and that imposing day fines requires costly wealth
verification (Garoupa, 1998; Polinsky, 2006a; Garoupa and Mungan, 2019; Kantorowicz-Reznichenko and Kerk, 2020). Yet, it has
not combined these elements and, consequently, has not compared day fines with uniform fines and non-monetary sanctions. Our
esults also relate to the growing literature on personalization of law, which makes the point that data availability and artificial
ntelligence reduce the costs of assessing individual characteristics — including wealth — and hence make the tailoring of legal rules
o each individual increasingly feasible (Ben-Shahar and Porat, 2021, p. 25). In the concluding Section 7, we connect to current

policy debates and problems in the implementation of day fines, including the fact that the rich may be more able to abscond wealth
than the poor are.

2. Day fines around the world

Extant comparative law literature on the use of day fines covers Europe and the United States (Kantorowicz-Reznichenko, 2015,
2018; Kantorowicz-Reznichenko and Faure, 2021). With the help of research assistants, we built on these contributions and hand-
coded the criminal law of 196 countries. This is the largest dataset to date on the adoption of day fines around the world. We

6 In the basic model with solvent individuals (Section 4) an increase in inequality always favors the use of day fines. When individuals are insolvent, this
results holds only if there are enough rich individuals in society and is reversed otherwise (see Section 5 and Appendix A.4). This is due to the complex
interaction between fines and non-monetary sanctions.

7 Tabbach (2012), in a related contribution, shows under what conditions a wealth redistribution from the rich to the poor that increases the maximum
amount that the latter group can pay as a fine can improve deterrence.
3
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found that 43 countries explicitly adopt day fines. Some countries have day fines in their penal code since the beginning of the 20th
entury, like Finland (1921) and Sweden (1931), while others introduced them very recently, such as Greece (2019) and Angola

(2019). See Table A.1 for details.
Day fines are often applied in conjunction with incarceration, and some countries’ laws only contemplate them as an alternative

to prison. In addition, day fines are typically applied to violations that are punishable and/or actually punished with relatively short
prison sentences. To illustrate, in Austria, day fines can be imposed in case of offenses punishable by no more than a 5-year prison
term and only if the actual sentence is of 1 year or less. In Switzerland, instead, day fines can replace only prison sentences of less
than 6 months regardless of the statutory maximum. This is also evidence that day fines are primarily used for offences with low
social harm relative to those punished with incarceration. In some countries — such as Croatia — this is made explicit by the fact
that day fines are alternative to prison sentences only in case of misdemeanor.

Day fines are usually constrained by a minimum and a maximum number of days regardless of the offence type, although in
some cases, like in Mexico, only a maximum is set. The median minimum number of days in our sample is 10, while the median

aximum is slightly less than a year (360 days). There is little variation in the minimum number of days, while the maximum
varies between 60 (Denmark) and 2000 days (Honduras). Minimum and maximum daily amounts are also specified in most codes
nd they are often indexed to the minimum or average wage by sector of activity.

In accordance with the extant literature, we found that none of the countries of the British common law legal tradition
adopts day fines. In the United States, fines are graduated along several dimensions, but the wealth of the offender is not one
f them (Raskolnikov, 2016). Although all states require the assessment of the offender’s ‘‘ability to pay’’, there is wide variation on
ow and when such an assessment is made (Friedman et al., 2022, pp. 224–225), and its impact on alleviating the financial burden

of fines on particularly indigent offenders is, at best, very limited (Shannon et al., 2020, p. 278). Despite the encouraging results of
everal policy experiments (McDonald et al., 1992; Turner and Petersilia, 1996; Turner and Greene, 1999; Colgan, 2017), day fines

are not used in the United States (Schierenbeck, 2018, p. 1876)8; quite the opposite, there is compelling evidence of a regressive
imposition of fines (Harris, 2016).

Other common law countries have similarly abandoned proposed plans to implement day fines9 or have implemented versions
f them that only affect relatively poor offenders. In England and Wales, for instance, fines for speeding are based on the offender’s
eekly income, but they are capped at £1000 ($1250) on regular roads and £2500 ($3130) on motorways.10 Commentators have
mphasized that resistance to the introduction of day fines may come from cultural factors or the path of development of a
egal system, such as the common law’s strong commitment to preserving judicial discretion (Mahoney and Thornton, 1988) or

a retributive culture of being tough on crime. Tonry (1999, p. 51) notes that: ‘‘all pilot day fine projects in the United States have
failed because fines are simply not viewed as sufficiently punitive; only imprisonment counts’’. Accordingly, ‘‘[t]he majority of
Americans subscribe to a retributive justice philosophy that supports retaliatory punishment for people who violate laws’’.

On the other hand, continental Europeans tend to support a less punitive philosophy in which rehabilitation of violators is
emphasized. The popularity of retributive justice in the United States makes the extensive adoption of day fines unlikely, at least
in the near future. ‘‘On the surface, the day fine approach seems to indicate that law violators are given the option of buying their
way out of trouble with the law’’ (Hignite and Kellar, 2014). Thus, in the United States, day fines are seen as a milder — and hence
ess desirable — way of punishing crimes as compared to incarceration.

To further rationalize adoption patterns in civil law countries — that is, conditional on the above mentioned cultural factors —
e investigate how the use of day fines correlates with income inequality. Inequality is key, because day fines are equivalent to
niform fines when the distribution of income is essentially flat, so it is meaningful to talk about day fines only if inequality is large

enough. We take the Gini coefficient from the World Bank Development Indicators11 as our measure of inequality.
Table 1 summarizes the results of a probit regression of a binary indicator for the adoption of day fines on inequality, controlling

or GDP per capita and population.12 We report the results both in case of inclusion and of exclusion of common law countries
although, consistently with our observations above, we should look at the determinants of day fines within the group of non-
common-law countries. We find that the Gini coefficient is positively and significantly associated with the adoption of day fines
rather than uniform fines. The result is robust to including legal origin dummies in the regression. Note that, since the common
law legal origin dummy in the full sample perfectly predicts the adoption of uniform fines, this last result is (numerically) the same
irrespective of whether we include or exclude common law countries from the sample.

In sum, we find that day fines are adopted in countries with high levels of inequality, most often as an alternative to relatively
short prison sentences for offences that caused moderate and non-monetary harm and brought the offender non-monetary gains
(Details of the dataset and replication codes are available upon request).

8 Although some US states provide for day fines by statute — such as Alabama and Oklahoma — there is no evidence that courts actually apply
them (Kantorowicz-Reznichenko, 2018, p. 346).

9 In Ireland, in 2017, the Road and Safety Authority (RSA) was working on a proposal to make speeding fines dependent on the driver’s income but the
proposal eventually did not go through. See https://www.independent.ie/irish-news/speeding-fines-will-be-linked-to-what-you-earn-in-bid-to-end-road-carnage-
35655082.html and https://www.irishtimes.com/news/ireland/irish-news/gra-opposed-to-speeding-fines-linked-to-income-1.3062548 (last accessed on June 10,
2022). In Australia the introduction of day fines for speeding was championed by the South Australia Council of Social Service and Uniting Communities, but
in 2019 the Treasurer refused to include sliding-scale speeding fines because of a budget deficit. See https://www.abc.net.au/news/2019-04-24/sa-government-
urged-to-adopt-european-sliding-scale-for-fines/11029572 (last accessed on June 10, 2022).

10 See https://www.richardnelsonllp.co.uk/speeding-fine-changes-2017/ and https://www.autocar.co.uk/car-news/new-cars/new-income-based-speeding-fines-
ome-effect-today (last accessed on June 10, 2022).
11 See https://databank.worldbank.org/source/world-development-indicators (last accessed on June 10, 2022).
12 Unfortunately we do not have data on the GINI coefficient for all countries covered in our dataset on dayfines.
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Table 1
Day fines and inequality in civil law countries.

Day fines

(1) (2) (3)

Gini 0.0086* 0.0248∗∗∗ 0.0321∗∗∗

(0.0051) (0.0075) (0.0083)
GPDPC 0.0076∗∗∗ 0.0151∗∗∗ 0.0132∗∗∗

0.0021 (0.0036) (0.0045)
Pop −0.0007 −0.0009 −0.0008

(0.0007) (0.0012) (0.0008)

𝑅2 0.073 0.154 0.184
Obs 152 105 104
Legal Origin Dummies no no yes
Sample Full No Common Full/No Common

Notes: Marginal effects from a Probit regression. Dependent variable is a dummy
equal to one if the country has day fines. ‘‘Gini’’ is the Gini coefficient from
the World Bank Development Indicators (average between 2000 and 2020).
‘‘GDPPC‘‘ is the GDP per capita at Purchasing Power Parity from the World Bank
Development Indicators (average between 2000 and 2020). ‘‘Pop’’ is population
from the World Bank Development Indicators (average between 2000 and 2020).
‘‘Obs’’ is the number of observations. ‘‘Sample‘‘ is either ‘‘Full’’ in case all
countries are included, or ‘‘No Common’’ in case common law countries are
excluded (in the regression with legal origin dummies the distinction does not
matter) Robust standard errors in brackets. ‘‘𝑅2 ’’ is the Pseudo-𝑅2 ∗∗∗ significant
at the 1% confidence level. ∗significant at the 1% confidence level.

3. Model

3.1. Domain of application of day fines

When the harm from violations can be offset by using the money collected through fines, law enforcement generates a price
for imposing harm so that those with more money buy more harm, that is, are deterred less. Yet, when harm cannot be fully
compensated with money — think of a life lost in a traffic accident — then fines can only produce incentives. Note next that if
harm is nonmonetary but the gains from violations are monetary, then a fine set equal to the monetary equivalent of the harm
perfectly deters rich and poor in the same way, as they compare money (the fine) to money (the gains from a violation). In our
framework, therefore, we consider nonmonetary harms and gains.

This framework is in line with the evidence. While some countries, like France, make day fines applicable to all offenses, other
ountries are more — and possibly very — restrictive. Examples of violations explicitly listed as punishable (also) with day fines

are traffic violations, sexual assault, abortion, discrimination, contamination of drinking water, and failure to rescue, all of which
fit the nonmonetary-harm-and-gains domain.

Yet, while our formal analysis is geared to the considerations made above, there are several other justifications for uniform
eterrence and hence for day fines, among which:

1. Social harm may be non-additive in the individuals’ violations. For instance, one of the most effective ways to reduce traffic
accidents and congestion is to have all cars move at the same speed. Differences in speed may be more harmful than speed
itself. To induce uniform behavior, the fine must increase with an individual’s wealth. Not surprisingly, speeding is the typical
violation punished with day fines.13

2. Law has an expressive function (Sunstein, 1996; Basu, 2018); similarly, punishment for violating the law also has an expressive
or symbolic function (Feinberg, 1965). Violations may be interpreted as a signal of lack of enforcement and invite more
violations — as in a ‘‘broken windows’’ scenario14 — so that it is undesirable to let some individuals (the rich, in our case)
violate more than others.

3. Cooter (1984) has argued that criminal law is about prohibitions not pricing, and that prohibitions should be the same for
everybody irrespective of wealth.

4. There are philosophical and moral objections to disparate treatment of injurers (Kolber, 2009) and victims (Harel, 2015), so
that the level of protection from harm — that is, deterrence — should not be a function of the wealth of the violator.

3.2. Setup

To focus on situations in which it is optimal to have the same level of deterrence for rich and poor (as explained above), we
make two crucial assumptions: (1) harm and gains from violations are nonmonetary and (2) the proceeds from fines cannot be used
to compensate the harm.

13 See also Greg Mankiw, ‘‘Wealth-dependent Fines’’, Greg Mankiw’s Blog, January 8, 2010 (last accessed on June 10, 2022).
14 See James Q. Wilson and George L. Kelling, ‘‘Broken Windows’’, The Atlantic, March 1982.
5
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Society consists of two groups of individuals labeled 𝑖: the rich (𝑖 = 𝑅) and the poor (𝑖 = 𝑃 ), with wealth 𝑤𝑖, mass 𝜇𝑖 and
𝜇𝑅 + 𝜇𝑃 = 1. Realistically, the poor are both poorer (𝑤𝑃 < 𝑤𝑅) and more numerous (𝜇𝑃 > 𝜇𝑅) than the rich.15 Wealth, however, is
costly to verify, and hence it is costly to condition fines on it. We consider both a fixed cost, 𝐾, and a variable cost, 𝑘, of wealth
erification.

Fixed costs may arise from the use of the offender’s tax reports as a basis for day fines, as it is in Finland, which may result
n greater incentives for tax evasion and hence larger enforcement costs to counter it. Fixed costs may also derive from the fact
hat day fines may make the expected fine more difficult to predict and hence increase uncertainty in law enforcement. In turn,
ariable costs may derive from post-violation reporting of wealth, as in Germany and Sweden. In this case, the offender’s statements
ave to be audited and subjected to sanctions in order to provide incentives for truthful reporting, and the disclosure of financial
nformation may raise privacy concerns, generating costs that are incurred only upon violations.16

Individuals decide whether or not to commit a crime. A crime generates a non-monetary social cost ℎ, a non-monetary private
gain 𝑔, and triggers the application of a monetary fine 𝑓𝑖 with probability 1. A given probability of apprehension is in line with
eneral law enforcement (Shavell, 1991), guarantees tractability and allows us to focus on the main problem of interest.17

The private gain, 𝑔, is independent of wealth and is distributed uniformly on the unit interval. Accordingly, we assume throughout
that 0 < ℎ ≤ ℎ̂, where ℎ̂ ≡ min

{

1 − 𝑘, ℎ} < 1 and ℎ will be introduced below.18 As it is common in law enforcement models, some
iolations should be prevented — and, namely, those with 𝑔 ≤ ℎ — while others should happen — those with 𝑔 > ℎ. The assumption

that ℎ ≤ ℎ̂ ensures that the constraint 𝑔 ≤ 1 never binds and rules out the occurrence of full deterrence.19 From a slightly different
perspective, ℎ may be seen as capturing a society’s aversion to illegal activities: a high value of ℎ for a particular crime or in a given
ountry means that the population assigns a high value to punishing that crime.

Individuals have a quasi-linear utility function:

𝑈
(

𝑔 , 𝑤𝑖
)

= 𝑣
(

𝑤𝑖
)

+ 𝑔

where 𝑣
(

𝑤𝑖
)

is the strictly concave utility of (monetary) wealth, with 𝑣 (0) = 0, 𝑣′ > 0 and 𝑣′′ < 0. While keeping the analysis simple,
he concavity of 𝑣 captures a non-linear marginal rate of substitution between money and the private gain from crime 𝑔.20 Note that
𝑔 is nonmonetary and hence does not enter the function 𝑣 (⋅).

Given an arbitrary crime opportunity, 𝑔, an individual 𝑖 will commit the crime if 𝑔 ≥ 𝑔𝑖, where

𝑔𝑖 ≡ 𝑣
(

𝑤𝑖
)

− 𝑣
(

𝑤𝑖 − 𝑓𝑖
)

(1)

is the level of deterrence associated with the fine 𝑓𝑖. It is easy to see that 𝑔𝑖 increases in 𝑓𝑖 and hence greater fines lead to more
eterrence.

15 Note that 𝜇𝑖 can be interpreted as capturing the mass of each group weighted by the group’s relative propensity to commit a certain crime. In fact, rich and
poor do not have the same crime opportunities. Financial and white-collar crimes — think of insider trading, for instance — may be more commonly or even
xclusively committed by the rich, while the opposite will typically be the case for crimes like petty theft and drug-dealing. Other crimes, however, such as most
raffic violations, will typically be characterized by similar propensities for the rich and poor. In Section 7 we offer some comments on how this interpretation
ffects our results.
16 See Polinsky (2006a) and Kantorowicz-Reznichenko and Kerk (2020) for models generating such costs. Crucially, we assume that the variable costs of

wealth verification are the same for the rich and the poor. Considering different variable costs does not qualitatively affect our analysis but may push up the
optimal deterrence of the group with higher variable costs, as these costs add to the costs of a violation.

17 By setting the probability of apprehension to 1 we make two assumptions: (1) the probability of apprehension is exogenous to the model and (2) the
probability of apprehension is the same for rich and poor. Concerning the first point, our analysis applies to cases of general law enforcement (as defined in
Shavell, 1991), were the probability of apprehension is set at the same level for a class of violations; think of police patrolling a neighborhood. If the class is
broad enough, taking the probability of apprehension as exogenous is without much loss of detail. In contrast, if law enforcement is specific, the probability of
apprehension is set differently for each violation and hence there is a trade-off between probability and magnitude of sanctions. Polinsky and Shavell (1979)
have shown that, even when individuals have the same wealth, risk aversion affects the trade-off between magnitude and probability of fines and counters the
Beckerian conclusion that maximal fines are desirable (Becker, 1968). In turn, Polinsky and Shavell (1991) have demonstrated that the fact that individuals
have different levels of wealth also justifies lower-than-maximal fines even when individuals are risk-neutral. In our model, individuals are risk-averse and have
different levels of wealth. Therefore, considering an endogenous probability of apprehension would result in an analogous result, where the fine is not necessarily
maximal and the probability of apprehension is positive but less than 1. This, however, also implies that the optimal probability of apprehension will vary across
regimes. Under a uniform fine, the maximal fine is equal to the wealth of the poor. In contrast, under day fines, only the maximal fine for the poor is equal to
the wealth of the poor, while the maximal fine for the rich is higher. Thus, day fines impose a weaker constraint on the size of the fines than uniform fines do
and hence endogenizing the probability of apprehension would strengthen the case for day fines in this respect. Additional complications, however, may arise
from the fact that, contrary to uniform fines, day fines could give rise to congestion as increasing the probability of fines ex ante also makes wealth verification
more frequently necessary, increasing the administrative burden ex post (see Ferrer, 2010, for a model of law enforcement with neighborhood externalities).
 distinct problem is that the probability of apprehension could be different for the rich and the poor. Yet, as long as these differences are exogenous to the
odel, our model would apply substantially unchanged by simply interpreting sanctions as expected sanctions and accounting for the risk-bearing costs that, as

mphasized by Menegatti (2023), increase deterrence differently for the rich and the poor. We offer some further comments on these issues in the Conclusions
nd leave a more detailed analysis for future research.
18 See the text accompanying Lemma 1 and the proof of Lemma 2.
19 Full deterrence, next to being an unrealistic outcome for the type of violations that we consider in this paper and an uncommon outcome in most law
nforcement models with unbounded gains from crime, would greatly complicate the analysis by adding a host of tedious sub-cases to the main frame of the
odel.
20 Using a more complex functional form would complicate the analysis without adding any essential insight.
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Fig. 2. Day fines versus uniform fines.

If wealth can be verified at no cost — that is, if 𝐾 = 𝑘 = 0 — and if individuals have enough wealth to pay the fine — that is,
if 𝑤𝑖 > 𝑓𝑖 — then the first-best fines 𝑓 ∗

𝑖 maximize social welfare:

𝑊 (𝑓𝑅, 𝑓𝑃 ) =
∑

𝑖∈{𝑅,𝑃 }
𝜇𝑖 ∫

1

𝑔𝑖
(𝑔 − ℎ) 𝑑 𝑔 (2)

where in order to isolate the deterrence problem from redistribution effects, we assume that the total reduction in utility in society
due to the imposition of the fine is equal to the increase in utility given the provision of additional goods and services (see
Appendix A.1 for the derivation of this expression).

The problem of setting the fines 𝑓𝑅 and 𝑓𝑃 for the rich and the poor, respectively, in order to maximize social welfare 𝑊 (𝑓𝑅, 𝑓𝑃 )
subject to the incentive compatibility constraint in (1) and 𝑔𝑖 ∈ [0, 1] has a unique interior solution.21 The corresponding first-best
level of deterrence

𝑔∗𝑅 = 𝑔∗𝑃 = ℎ

can be implemented by setting first-best fines 𝑓 ∗
𝑖 such that 𝑣

(

𝑤𝑖
)

− 𝑣
(

𝑤𝑖 − 𝑓 ∗
𝑖
)

= ℎ. Owing to the decreasing marginal utility of
wealth, we must have 𝑓 ∗

𝑅 > 𝑓 ∗
𝑃 , that is, in the first best, it is optimal for the rich to be subject to higher fines than the poor.

In the next sections, we introduce two sources of inefficiency and look for second-best solutions. The first source of inefficiency
is the costs of wealth verification that we introduce in Section 4. Such costs, burdening the application of day fines, may make it
more desirable to implement a uniform fine. Next, in Section 5, we will entertain the possibility that individuals do not have enough
wealth to pay the optimal fine, which may make it advantageous to implement non-monetary sanctions.

4. Deterrence with solvent individuals

4.1. Day fines

With day fines, the policymaker sets two different fines for the two different groups. However, this requires verification of wealth,
which is costly. In turn, these costs need to be taken into account in the social welfare function, which is now equal to

𝑊 𝐷(𝑓𝑅, 𝑓𝑃 ) =
∑

𝑖∈{𝑅,𝑃 }
𝜇𝑖 ∫

1

𝑔𝑖
(𝑔 − ℎ − 𝑘) 𝑑 𝑔 −𝐾

The optimal day fines maximize 𝑊 𝐷(𝑓𝑅, 𝑓𝑃 ) subject to the incentive compatibility constraint in (1) and 𝑔𝑖 ∈ [0, 1]. The latter
constraint is not binding for ℎ ≤ ℎ̂ ≤ 1 −𝑘, which we assume, and hence the optimal day fines lead to uniform deterrence 𝑔𝐷𝑖 = ℎ+𝑘
as illustrated in Fig. 2(a).22 Notice that the optimal level of deterrence with day fines is affected by the variable cost of wealth
verification, 𝑘, and is greater than in the first best because crime generates a second social cost: the need to verify wealth. (In
contrast, the fixed cost, 𝐾, does not distort deterrence.) Fig. 3(a) illustrates this point.

Note also that with day fines, optimal deterrence requires the imposition of a fine 𝑓𝐷
𝑖 such that 𝑔𝑖𝐷 = 𝑣

(

𝑤𝑖
)

− 𝑣
(

𝑤𝑖 − 𝑓𝐷
𝑖
)

. The
implication, as in the first best, is that the fine for the rich is greater than the fine for the poor, 𝑓𝐷

𝑅 > 𝑓𝐷
𝑃 , and, due to the variable

cost 𝑘, both fines are greater than in the first best, 𝑓𝐷
𝑖 > 𝑓 ∗

𝑖 . Finally, it follows from the concavity of the utility function that, as
the harm from crime increases, both fines increase and further diverge from each other. Fig. 3(b) illustrates these points and the
following lemma formalizes the results.

21 The first order conditions can be written as 𝜕 𝑊
𝜕 𝑓𝑖 = −𝜇𝑖

(

𝑔𝑖 − ℎ
) 𝑑 𝑔𝑖

𝑑 𝑓𝑖 = 0, and have a unique solution for 𝑔𝑖 = ℎ. The second derivatives are 𝜕2𝑊
𝜕 𝑓 2

𝑖
=

−𝜇𝑖

(

𝑑 𝑔𝑖
𝑑 𝑓𝑖

)2
− 𝜇𝑖

(

𝑔𝑖 − ℎ
) 𝑑2𝑔𝑖

𝑑 𝑓 2
𝑖

, with 𝜕2𝑊
𝜕 𝑓 2

𝑖
|𝑔𝑖=ℎ = −𝜇𝑖

(

𝑑 𝑔𝑖
𝑑 𝑓𝑖

)2
< 0 and 𝜕2𝑊

𝜕 𝑓𝑅𝜕 𝑓𝑃 = 0. Hence the solution is a maximum.
22 The solution is unique and internal. First and second order conditions are analogous to the ones in the first best. If we allowed ℎ > 1 −𝑘 then the constraint

would bind and we would have full deterrence 𝑔𝐷 = 1.
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Fig. 3. Optimal day fines.

Lemma 1. When individuals are solvent, the optimal day fines are such that the fine for the rich is greater than the fine for the poor
(𝑓𝐷

𝑅 > 𝑓𝐷
𝑃 ) and both fines are greater than the first-best fines (𝑓𝐷

𝑖 > 𝑓 ∗
𝑖 ). The optimal level of deterrence is the same for rich and poor,

𝑔𝐷𝑅 = 𝑔𝐷𝑃 = ℎ + 𝑘, and is greater than the first-best level of deterrence. As ℎ increases, the optimal fines increase and diverge.

Proof. See the text. □

Finally, note that since in our model there are only two levels of wealth, it is possible to implement the optimal day fine through
a linear fine 𝑓𝑖 = 𝑓0+𝛼 𝑤𝑖 that increases proportionally with wealth, for appropriate values of 𝑓0 and 𝛼. In reality fines are commonly
linear, with a fixed component and a component proportional to wealth, such as the number of days of income.

4.2. Uniform fine

With uniform fines, there is no need to verify wealth ex post, but the fine is, by hypothesis, the same for rich and poor, that is,
we impose now 𝑓𝑅 = 𝑓𝑃 = 𝑓 . Since individuals are risk-averse with respect to wealth, the same fine results in two different levels
of deterrence, 𝑔𝑅 < 𝑔𝑃 , that is, rich individuals are deterred less than poor ones as illustrated in Fig. 2(b). The welfare function is
now:

𝑊 𝑈 (𝑓 ) =
∑

𝑖∈{𝑅,𝑃 }
𝜇𝑖 ∫

1

𝑔𝑖
(𝑔 − ℎ) 𝑑 𝑔

subject to (1) and 𝑔𝑖 ∈ [0, 1]. To gain intuition, it is useful to rewrite the welfare maximization problem in the following way:

𝑊 𝑈 (𝑓 ) = ∫

1

ℎ
(𝑔 − ℎ) 𝑑 𝑔 − 𝜇𝑅 ∫

ℎ

𝑔𝑅
(ℎ − 𝑔) 𝑑 𝑔 − 𝜇𝑃 ∫

𝑔𝑃

ℎ
(𝑔 − ℎ) 𝑑 𝑔 (3)

This alternative formulation makes it clear that a uniform fine generates a level of welfare that can be expressed as the welfare
that would be obtained under first-best deterrence minus the losses from under-deterring the rich and over-deterring the poor. The
first-order condition yields:

𝑔𝑈𝑃 − ℎ

𝑔𝑈𝑅 − ℎ
= −𝜇𝑅

𝜇𝑃

𝑣′
(

𝑤𝑅 − 𝑓𝑈 )

𝑣′
(

𝑤𝑃 − 𝑓𝑈
) (4)

Note that the right-hand side is negative, and hence the left-hand side must also be negative. Since with a uniform fine, we necessarily
have 𝑔𝑈𝑅 < 𝑔𝑈𝑃 , for the left-hand side to be negative, we must also have that 𝑔𝑈𝑅 ≤ ℎ ≤ 𝑔𝑈𝑃 . In other words, with a uniform fine, the
rich are under-deterred and the poor are over-deterred compared to the first best.

Both the fine and the equilibrium levels of deterrence are strictly increasing in the harm from crime, ℎ, starting from 𝑔𝑈𝑅 = 𝑔𝑈𝑃 = 0
when ℎ approaches 0 and then increasing and diverging. Our assumption that ℎ ≤ ℎ̂ operates here to guarantee that 𝑔𝑈𝑃 < 1 with
the optimal fine and rules out less interesting equilibria with full deterrence of the poor.23

Going back to the first-order condition, because of the concavity of the utility function, we have 𝑣′(𝑤𝑅−𝑓)
𝑣′(𝑤𝑃 −𝑓)

< 1, and hence we can
write

𝑔𝑈𝑃 − ℎ

ℎ − 𝑔𝑈𝑅
<

𝜇𝑅
𝜇𝑃

< 1 (5)

which implies that, at the optimum, there is a larger deterrence distortion for the rich than for the poor, 𝑔𝑈𝑃 − ℎ < ℎ − 𝑔𝑈𝑅 . This
suggests that the first-order problem with uniform fines is that the rich are under-deterred, not that the poor are over-deterred, as
illustrated in Figs. 4(a) and 4(b). The following lemma summarizes and formalizes these results.

23 For further details, see the proof of Lemma 2.
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Fig. 4. Optimal uniform fine.

Lemma 2. When individuals are solvent, the optimal uniform fine is such that the rich are less deterred than the poor. The rich are
under-deterred while the poor are over-deterred compared to the first best, that is, 𝑔𝑈𝑅 < ℎ < 𝑔𝑈𝑃 . Moreover, there is a larger deterrence
distortion for the rich than for the poor, that is, 𝑔𝑈𝑃 − ℎ < ℎ − 𝑔𝑈𝑅 . As ℎ increases, the optimal fine increases, and the optimal levels of
deterrence increase and diverge.

Proof. See Appendix. □

4.3. The optimal choice between a uniform fine and day fines

Having characterized the optimal levels of day fines and uniform fines and their properties, we can now consider the optimal
choice between them. Both regimes under-perform compared with the first best. The problem with day fines is that wealth is costly
to verify, which also biases the fines upwards. In contrast, no verification is needed with uniform fines, but the rich are significantly
under-deterred while the poor are over-deterred.

The rich are always deterred less with uniform fines than with day fines because they are over-deterred with day fines while
they are under-deterred with a uniform fine, that is, 𝑔𝑈𝑅 < ℎ < ℎ+𝑘 = 𝑔𝐷𝑅 . For the poor, however, the result is less clear-cut, because
they are over-deterred under both regimes and we have a higher level of deterrence under a uniform fine, 𝑔𝑈𝑃 > ℎ + 𝑘 = 𝑔𝐷𝑃 , when
the variable cost of wealth-verification, 𝑘, is small, and, conversely, we have greater deterrence with day fines, 𝑔𝑈𝑃 < ℎ + 𝑘 = 𝑔𝐷𝑃 ,
when 𝑘 is large. The following proposition sums up the results.

Proposition 1. Day fines deter the rich more than uniform fines do. If the variable cost of wealth verification, 𝑘, is small, day fines deter
the poor less than uniform fines do; in contrast, if the variable cost of wealth verification, 𝑘, is large, day fines deter the poor more than
uniform fines do.

Proof. Immediate from Lemmas 1 and 2. □

Lemmas 1 and 2 also allow us to compare the two regimes in terms of the average deterrence in society, as illustrated in Fig. 5(a).
With day fines, there is a uniform level of deterrence across the two groups of individuals, which is thus also the average level of
deterrence in society, 𝑔𝐷.24 Since day fines over-deter both the rich and the poor, this average level of deterrence is greater than in
the first best. In contrast, a uniform fine results in different levels of deterrence for rich and poor and the average level of deterrence
is 𝑔𝑈 = 𝜇𝑅𝑔𝑈𝑅 +𝜇𝑃 𝑔𝑈𝑃 . Since a uniform fine under-deters the rich more than it over-deters the poor, it results in under-deterrence on
average. The next proposition summarizes these results.

Proposition 2. Compared with the first best, day fines result, on average, in over-deterrence, 𝑔𝐷 > ℎ. In contrast, uniform fines result, on
average, in under-deterrence, 𝑔𝑈 < ℎ.

Proof. Immediate from Lemma 1 and expression (5). □

We can now address the main question we set out to answer and characterize the environment in which we should optimally see
the implementation of day fines as opposed to a uniform fine. To do so, we examine below how the core parameters of our model
affect the difference between the welfare resulting from the optimal (as described above) application of day fines and the welfare
yielded by the optimal implementation of a uniform fine. This welfare difference can be written as:

𝛥𝑊 = 𝑊 𝐷 −𝑊 𝑈 =
∑

𝑖∈{𝑅,𝑃 }
𝜇𝑖 ∫

𝑔𝑈𝑖

ℎ+𝑘
(𝑔 − ℎ) 𝑑 𝑔 − 𝑘 (1 − ℎ − 𝑘) −𝐾 (6)

24 Formally, 𝑔𝐷 = 𝜇 𝑔𝐷 + 𝜇 𝑔𝐷 = 𝑔𝐷 = 𝑔𝐷 .
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Fig. 5. Day fines versus uniform fine.

Starting from the costs of wealth verification, it is easy to see that day fines are more desirable if these costs are smaller. The
effect of the fixed cost, 𝐾, is direct and trivial: the larger this cost, the larger the cost of implementing day fines. The variable cost,
𝑘, has a twofold effect: on the one hand, it contributes to the expected cost of implementing day fines, as evidenced by the second
term in (6); on the other hand, a larger 𝑘 further biases day fines away from the first best, generating a deterrence cost captured
by the first term in (6).

A uniform fine does not yield a direct cost, as day fines do, but nevertheless brings about a social loss in terms of the under-
and over-deterrence it induces. This cost of sub-optimal deterrence increases in ℎ both because greater harm magnifies the problem
of under-deterring the rich and because the reactions of rich and poor to a greater fine induced by greater harm diverge, thereby
exacerbating the problem. At the same time, a greater level of ℎ makes the deterrence distortion due to 𝑘 and the overall cost of
implementing day fines relatively less important. Therefore, the larger the harm from crime, the more desirable day fines become.

Next, in our model, the common measure of inequality — the Gini coefficient — takes the following form: 𝜇𝑅𝑤𝑅
𝜇𝑃𝑤𝑃 +𝜇𝑅𝑤𝑅

−𝜇𝑅, which
increases in 𝑤𝑅 and decreases in 𝑤𝑃 . Therefore, we can simply take the difference in wealth between the two groups, 𝛥𝑤 ≡ 𝑤𝑅−𝑤𝑃 ,
as a measure of inequality. If wealth inequality 𝛥𝑤 increases, both the under-deterrence and the over-deterrence problem of uniform
fines become more serious, adding to the desirability of day fines. The following proposition summarizes these results.

Proposition 3. Day fines become more desirable than a uniform fine if:
1. The costs of wealth verification, 𝑘 and 𝐾, decrease;
2. The harm from crime, ℎ, increases;
3. The inequality of wealth, 𝛥𝑤, increases.

Proof. See Appendix. □

Proposition 3 produces testable implications, some of which nicely match the empirical patterns we document in Section 2. The
proposition implies that inequality makes day fines more desirable. Indeed, in the data, a higher level of inequality — as measured
by the Gini coefficient — is positively and significantly associated with the adoption of day fines in civil law countries. Second,
day fines should be preferred to uniform fines for crimes that generate relatively large social harm. The fact that, generally, day
fines are implemented as a substitute for incarceration suggests that the latter implication is very likely to hold true since prison
sentences are normally reserved for more harmful crimes than fines are.

Proposition 3 also suggests that day fines become less desirable when the (fixed and variable) costs of wealth verification increase.
Although outside the scope of our dataset, this prediction could be tested by reference to the efficiency of tax assessment and
collection system. In countries with inefficient tax authorities — where wealth verification is very difficult or costly at the outset
— day fines are comparatively less attractive, and hence should be adopted only if inequality of wealth is large.

Fig. 5(b) illustrates the relationship between inequality, harm from crime and regime choice. It depicts the region where 𝛥𝑤 and
ℎ are large, in which day fines yield higher levels of social welfare than uniform fines.25

25 Simulation run in Mathematica with 35x35 discrete evaluations over the range of both variables ℎ ∈ [0, 0.7] and 𝛥𝑤 ∈ [0, 9], so that 3 = 𝑤𝑃 ≤ 𝑤𝑅 ≤ 12.
Note that, for the parameter values used in the simulation, implementing a uniform fine that is so high as to fully deter the poor while optimally deterring the
rich yields a lower level of welfare than the interior solution considered. The parameter ℎ̂ does the work in the model. Next, note that the fines implemented
for the poor in the simulation are at most equal to 𝑓𝐷

𝑃 = 2.03 in the case of day fines, and 𝑓𝑈 = 2.06 in the case of a uniform fines and both are lower that the
wealth of the poor, 𝑤𝑃 = 3. The maximal uniform fine is clearly also below the wealth of the rich, which is 𝑤𝑅 ∈ [3, 12] in the simulation; the day fine for the
rich goes from 𝑓𝐷

𝑅 = 2.03 when 𝑤𝑅 = 3 to 𝑓𝐷
𝑅 = 4.63 when 𝑤𝑅 = 12, and also stays below 𝑤𝑅 in between these two extremes. Therefore, individuals are always

solvent in the simulation of Fig. 5(b).
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5. Insolvency and non-monetary sanctions

5.1. Optimal fines with potential insolvency

The possibility of insolvency introduces an upper bound on the attainable level of deterrence since implementing higher levels
f deterrence requires the application of greater fines which, in turn, may exceed the wealth of the individual and hence produce
o additional incentives.

If a fine 𝑓𝑖 is imposed on an individual of type 𝑖, the maximal fine that can be meaningfully imposed is equal to the individual’s
wealth, 𝑓𝑖 = 𝑤𝑖, and hence the maximal level of deterrence that can be attained is equal to:

𝑔̂𝑖 = 𝑣
(

𝑤𝑖
)

− 𝑣
(

𝑤𝑖 − 𝑓𝑖
)

= 𝑣
(

𝑤𝑖
)

The crucial difference between day fines and a uniform fine is that in the case of day fines, there are two different thresholds,
one for the rich and one for the poor. In contrast, with a uniform fine, the highest fine that can be implemented is the same for
ich and poor and is bounded by the lower level of wealth, that is, the wealth of the poor (as in Polinsky, 2006b). The possibility of

insolvency favors day fines because deterrence for the rich can be better modulated than with uniform fines if the wealth constraint
inds.

Insolvency is a problem at higher levels of the harm, which in turn requires the application of higher fines. In turn, this is the
region in which day-fines yield higher levels of welfare than uniform fines. Therefore, in general, the introduction of insolvency
does not change the results of the previous section qualitatively and the determinants of the choice between day fines and uniform
fines remain valid as long as there are enough rich individuals in the population.

Since insolvency introduces three different upper bounds to the attainable deterrence — one threshold for uniform fines and two
for day fines — it is no longer true that the under-deterrence and over-deterrence problem of uniform fines always become a more
erious problem as wealth inequality, 𝛥𝑤, increases. Indeed, depending on the level of harm, on the curvature of the individuals’
tility function, and on the size of the variable costs of wealth verification, the ranking between the three thresholds changes and
ifferent constraints bind. Therefore, for some parameter values, the advantage of day fines in dealing at the same time with over
nd under-deterrence diminishes in 𝛥𝑤. However, if there are enough rich people in the population, the under-deterrence problem
aused by uniform fines still drives the optimal policy toward day fines.

In Appendix A.4, we provide a detailed analysis of fines with potentially insolvent individuals and replicate the results of the
previous section. Next we consider the fact that insolvency may require the use of non-monetary sanctions.

5.2. Fines versus non-monetary sanctions

The use of non-monetary sanctions — such as probation, imprisonment, house arrest, suspension of the driving licence, and travel
restrictions — as complements to fines has been analyzed in the literature in the context of sanctions applied to individuals who
cannot pay the fine (Polinsky, 2006b).26 To the extent that the non-monetary sanction kicks in with insolvency, our analysis of the
omparison between the two regimes of fines would remain qualitatively unchanged. In contrast, we focus here on the application

of non-monetary sanctions as a substitute for fines. We consider the uniform application of such sanctions, as it is uncommon to
condition the magnitude of a non-monetary sanction to the wealth of the individual.27

While, contrary to fines, non-monetary sanctions impact the utility of individuals directly — thus not through their utility of
oney as fines do — the disutility generated by a non-monetary sanction may still depend on an individual’s wealth (Galle and

Mungan, 2021). While a (rich) business person who travels often internationally may be more affected by travel restrictions than
 (poor) construction worker, a (poor) taxi driver may be more affected by the suspension of her driving licence than a (rich)
xecutive, who relies on private drivers and cabs. To account for these differences, we assume that a non-monetary sanction 𝑠
enerates a disutility equal to 𝑞𝑅𝑠 for the rich and 𝑞𝑃 𝑠 for the poor, with 0 < 𝑞𝑖 < 1. If 𝑞𝑅 > 𝑞𝑃 , the rich are affected more than the
oor by the sanction, and vice versa.

Note that while fines can be conditioned on an individual’s wealth, non-monetary sanctions cannot. There are two justifications
or this restriction. First, the disutility from non-monetary sanctions depends on many other factors, which are typically more difficult
o verify in court than wealth is. Second, non-monetary sanctions are in practice not directly conditioned on wealth. Moreover, as
e will appreciate momentarily, these difference will play no role in our result due to the configuration of the optimal sanctions.

Given that individuals experience a different disutility from non-monetary sanctions, the same sentence for committing the
ffence now results in different deterrence effects:

𝑔𝑁𝑖 = 𝑞𝑖𝑠 for 𝑖 ∈ {𝑅, 𝑃 } (7)

with higher deterrence for the rich, i.e. 𝑔𝑁𝑅 > 𝑔𝑁𝑃 if 𝑞𝑅 > 𝑞𝑃 and vice versa. When choosing 𝑠, the policymaker optimizes the welfare
effects of criminal activity:

26 See also Chu and Jiang (1993) for a comparison of fines and non-monetary sanctions when wealth varies among individuals.
27 See Bronsteen et al. (2009) and Kolber (2009).
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Fig. 6. Fines versus non-monetary sanctions.

𝑊 𝑁 (𝑠) =
∑

𝑖∈{𝑅,𝑃 }
𝜇𝑖 ∫

1

𝑔𝑁𝑖

(

𝑔 − ℎ − 𝑞𝑖𝑠 − 𝑐 𝑠) 𝑑 𝑔

subject to (7), where 𝑐 > 0 is the policymaker’s cost of imposing a unit of non-monetary sanction. Accordingly, the social cost
of the non-monetary sanction is the sum of the private cost 𝑞𝑖𝑠 and the public cost 𝑐 𝑠 of imposing it. The welfare maximization
problem with non-monetary sanctions is convex,28 and hence has a corner solution (as in Kaplow, 1990; D’Antoni et al., 2022). It is
immediate to see that, if ℎ ≤ 1

2 , then the optimal level of deterrence is 𝑔𝑁𝑖 = 0, which in turn requires a sanction 𝑠𝑁 = 0 and results
in welfare 𝑊 𝑁 (0) = 1

2 − ℎ. If instead, ℎ > 1
2 , then the optimal level of deterrence is 𝑔𝑁𝑖 = 1, which in turn requires a sanction equal

to 𝑠𝑁 = 𝑠max ≡ max
{

1
𝑞𝑅

, 1
𝑞𝑃

}

and results in welfare 𝑊 𝑁 (𝑠max) = 0. Note that since the non-monetary sanction is applied uniformly,
the sanction that fully deters all individuals is the higher between the sanction needed to fully deter the rich and that needed to
fully deter the poor.

It is easy to see that a uniform fine can always be adjusted to do better than no deterrence. Obviously, the fine could be set at
zero and hence replicate the performance of a non-monetary sanction when ℎ ≤ 1

2 and no deterrence is optimal. Therefore, for low
levels of harm, fines are preferred to non-monetary sanctions. It is also easy to see that a uniform fine could, in theory, be set high
enough as to fully deter both the rich and the poor and hence mimic the performance of the non-monetary sanction when ℎ > 1

2 .
Therefore, non-monetary sanctions are not a desirable alternative to fines when individuals can pay the (optimally set) fine.

In contrast, if harm is high — say, it is close to 1 — and individuals are potentially insolvent, full deterrence is approximately
first-best optimal and non-monetary sanctions provide a viable enforcement regime. Fines, in turn, run into the individuals’ wealth
constraints and hence may yield lower levels of social welfare. Note that the performance of non-monetary sanctions improves
as ℎ increases — because the gap between full deterrence and first-best deterrence shrinks — while insolvency creates increasing
problems under both fine regimes as ℎ increases. Therefore, there will be a cutoff level of the harm after which it is preferable to
employ non-monetary sanctions rather than fines.

Proposition 4. When individuals are potentially insolvent, if the harm from crime is low, fines yield a higher level of social welfare than
non-monetary sanctions do; vice versa, if the harm from crime is high, non-monetary sanctions yield higher levels of social welfare than fines
do. If day fines are used at the optimum, their introduction reduces the scope for non-monetary sanctions.

Proof. See the text. □

Fig. 6 illustrates these results. Note that the intermediate area in Fig. 6(a), in which day fines are preferable, may disappear
if the costs of wealth verification are large enough, thereby restricting the choice between only two alternatives: a uniform fine
or a non-monetary sanction, as shown in Fig. 6(b). Note also that the choice between day fines and non-monetary sanction is
unaffected by inequality: Fig. 6(a) depicts a straight vertical line at the boundary between these two regimes, suggesting that the
choice only depends on the level of harm. This is because inequality does not affect the performance of day-fines given that the
fines are separately set for each group. Similarly, inequality does not affect the performance of non-monetary sanctions because, in
the region where they are optimal, deterrence is complete. In contrast, when the choice at the margin is between a uniform fine
and a non-monetary sanction, as in Fig. 6(b), inequality plays a role because a greater level of inequality negatively affects the

28 The second derivative is 𝑑 𝑊 𝑁
=
∑

𝜇 𝑞
(

2𝑐 + 𝑞
)

> 0.
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performance of a uniform fine. The reason is, as we explained above, that deterrence with a uniform fine is farther away from the
first best if the two groups have very different levels of wealth and hence react very differently to the same fine.

The graph in Fig. 6(b) depicts the case in which day fines are available but so costly that it is not optimal to use them. However,
the graph would be the same if we were to assume that day fines are as costly to implement as in Fig. 6(a) but are not allowed by
law. Thus, comparing Figs. 6(a) and 6(b), it is immediate to see that the availability of day fines reduces the use of non-monetary
anctions if day fines are actually used at the optimum, as stated in the last part of Proposition 4. The intuition is simple: day fines

improve over uniform fines exactly in the region (large harm) when non-monetary sanctions tend to be more efficient and hence
have the potential to move to the right the boundary between the optimal use of fines versus non-monetary sanctions. These results
are in line with calls for the introduction of day fines to (1) correct deterrence distortions with uniform fines and (2) reduce reliance
on incarceration, as we discussed in the Introduction. As we document in Section 2, day fines are, in fact, often implemented as an
explicit substitute for incarceration when the (statutory or judicially determined) prison sentence is sufficiently low, which suggests
hat day fines are used for more serious offences than those usually punished with (uniform) fines but not serious enough to trigger
ncarceration — a pattern that nicely matches our results.

6. Simulation

We propose here a simple — in fact, as simple as a ‘‘back-of-the-envelope’’ — computation to evaluate the potential effects that
replacing uniform fines with day fines may have in the United States and Europe. We focus on a specific violation, that is, speeding,
because of its prominence in the debate on day fines and its relevance in terms of social harm, owing to the significant number of
deaths and personal injuries caused by high-speed driving.

We restrict attention to the model without insolvency solved in Section 4. For each country, we calibrate the shares 𝜇𝑖 and the
ealth differential 𝑤𝑟 −𝑤𝑝 so that the model delivers a Gini coefficient29 equal to what is reported in the World Bank Development

Indicators.30 We then fix the social harm ℎ at such a level that the model with optimal uniform fines delivers an equilibrium fraction
of violations equal to the empirical one. This entails assuming that the countries that adopted uniform fines chose their optimal
level and that the observed level of violations in those countries is the optimal one conditional on the uniform fine regime.

Our simulation exercise consists in solving a counterfactual model, feeding it with the same parameters used for the calibration
nder uniform fines, but assuming optimally-set day fines. We ran several simulations for different alternative values of the variable
ealth-verification costs 𝑘, and evaluated the gains in terms of decreased violations.

We start with the United States. According to a survey by the United States Department of Transportation, implemented with
ation-wide random speed measurements in 2015, 20.3% of all circulating cars exceeded speed limits at least once by more than

10 mph (16 km/h) (NHTSA, 2018). We take this figure as the equilibrium level of violations. Solving the counterfactual model,
e find that, assuming a wealth verification cost 𝑘 equal to 10% of the average income, the introduction of day fines would

educe speeding violations by 45%. If, instead, the wealth verification cost were equal to 5% of the average income, the reduction
ould be more modest, 14%, owing to the fact that larger variable wealth-verification costs lead to a greater optimal level of
eterrence. We then translate this violations reduction into a harm reduction figure. Estimates from the United States Department
f Transportation indicate that 27% of all fatal crashes in 2015 were related to speeding (NCSA, 2018), out of a total of 37,461.

Assuming proportionality, we can estimate a total of 10,114 fatalities related to speeding. Assuming proportionality again, decreasing
peeding violations by 45% would result in 4551 saved lives while decreasing them by 10%, would yield 1415 saved lives.

Our second exercise is for Europe. The European countries without day fines are Belgium, Bulgaria, Cyprus, Estonia, Iceland,
Ireland, Italy, Latvia, Lithuania, Malta, the Netherlands and Slovakia. We use road fatalities data from the European Road Safety
Observatory at the European Commission for 2019.31 The total number of fatalities, over all countries, was 5887, out of which 53.8%
ccurred in Italy, 10.9% Belgium, 10.7% in Bulgaria, 9.9% in the Netherlands, and the rest in the remaining countries. We use two
ources for speeding data, the European Transport Safety Council (ETSC)32 and the E-survey of Road Users’ Attitudes (ESRA).33

From the first source, we take the recorded frequency of speeding in random street checks effectuated by police officers. From the
second, we take the percentage of respondents that declared to ‘‘have driven faster than the speed limit’’, whenever both figures are
available, we then take the average. There are no speeding data for Malta, Latvia and Slovakia. For them, we will simply assume a
fatality reduction equal to the average of the other countries. We do not have detailed estimates on the percentage of fatal accidents
due to speeding in European countries, but there is no reason to expect a large difference with respect to the USA, so we use the
same estimated proportion of the previous exercise. Using the same methodology as above, we find that the introduction of day
fines could spare, yearly, a total (over all countries) of 338 lives in case of 𝑘 = 10% of the average income, and 186 lives in case of
𝑘 = 5%.

29 We consider the GINI coefficient of the entire population rather than focusing on the ‘‘offending’’ population because of data availability.
30 See note 2.
31 See https://road-safety.transport.ec.europa.eu/news-events/news/european-road-safety-observatory-2022-01-24-en (last accessed on June 10, 2022).
32 See https://etsc.eu/speed-data (last accessed on June 10, 2022).
33 See: https://www.esranet.eu/en/publications/#europe (last accessed on June 10, 2022).
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7. Conclusions

In our analysis, we have allowed the magnitude of the fine to vary with the wealth of the offender. Deterrence, however,
is a function of the expected sanction. Therefore, day fines could, in principle, be implemented surreptitiously by setting a
reater probability of apprehension for the rich compared to the poor. This strategy, however, would run against compelling
vidence suggesting that the opposite is usually the case, because of discriminatory enforcement practices or differential access

to justice (Colgan, 2019).34 More generally, the probability of apprehension could be chosen together with the fine and separately
or rich and poor. This possibility would again strengthen the case for day fines since there are more degrees of (policy) freedom
hen also the probabilities can be differentiated.

Note, however, that making the probability of apprehension dependent on wealth is different from and more costly than doing
he same with the magnitude of the fines. The reason is that if only the magnitude of the fines depends on wealth, the variable costs
f wealth verification are borne only upon violation and monitoring. In contrast, if — only or also — the probability of apprehension
ere dependent on wealth, there would be a need to verify the wealth of all individuals irrespective of and prior to violations. On
alance, making fines conditional on wealth seems to be the cheaper way to condition the expected sanction on the wealth of the
ndividual.

A second important assumption we made is that the poor are more numerous than the rich and hence we found that the optimal
niform fine is closer to the fine that would be optimal for the poor than to the one that would be optimal for the rich. This result

rests on an underlying assumption: that the rich and the poor have the same opportunity to commit the crime in question. While this
may be sufficiently close to reality for most common crimes, like traffic violations, other crimes are clearly more common for either
group. Insider trading, for instance, along with other financial and white-collar crimes, can only be committed by those with the
necessary financial means to do so — that is, the rich — while the opposite may be true for other crimes. Quite straightforwardly,
if a crime is mostly (or exclusively) committed by the rich, the optimal uniform fine will be very close (or identical) to the one that
would be theoretically optimal for the rich alone, and vice versa if the crime is mostly committed by the poor. In these cases, uniform
fines approximate the first best fine without the need to verify wealth and hence outperform day fines. Therefore, in a cross-section
of crimes, we can expect uniform fines to be implemented most commonly for crimes that occur normally in both groups.

Next, we comment on two possible issues that weigh against the implementation of day fines. First, enforcement is effected
through agents. The policeman who hands one a speeding ticket is not the same as the person who set the speed limit and determined
the fines for violators. Enforcement agents may be reluctant to record a violation if they can anticipate that the fine will be enormous
or they may focus on those who appear to be poor violators. The opposite may also be true: agents may find it attractive to target
rich offenders because of the prospect of collecting a greater fine (Schierenbeck, 2018, p. 1883). The way in which enforcement
agents are explicitly or implicitly rewarded may also affect the application of day fines. Rewards for collecting large amounts of
fines may induce them to target the rich, while rewards for issuing large numbers of citations may do the opposite. Relatedly, large
ines also provide additional motivation for bribing the monitoring agent and may fuel corruption (Kantorowicz-Reznichenko, 2015,

p. 497). The resulting uncertainty on the magnitude of the fine to be levied ex post may have feedback effects on deterrence and
hese effects will be different for the rich and the poor due to risk-aversion (Menegatti, 2023).

Second, wealth verification is problematic not only because wealth is costly to trace but also due to the greater incidence of
(illegal) tax evasion or (legal) tax avoidance among the very wealthy (Bach et al., 2024; Bruil et al., 2024). In the model, we have
ssumed that wealth verification has the same (marginal and fixed) costs for the rich and the poor and that, once these costs have
een borne, individuals are correctly identified as either rich or poor. Yet, both sets of assumptions may fail in reality.

While the income and wealth of poor individuals are typically tied to wages or salaries — which are easy to track due to
employer reporting requirements and tax withholding at the source — or their home, the rich store wealth in complex and often
opaque financial instruments and have better access to tax-planning services. Thus, in reality, wealth verification is more costly for
the rich and there is a positive probability that a rich individual might be identified as poor, while the opposite in less likely. Many
olicymakers fear that differentiating fines will exacerbate inequality further by adding fine avoidance to tax avoidance.

In a formal extension of our baseline model presented in Appendix A.5, we show that, indeed, as the wealth verification costs
or the rich increase above those for the poor both optimal deterrence and the optimal day fine for the rich increase to make up for
he higher costs of enforcement. As expected, these costs make day fines comparatively less desirable in terms of social welfare. As
he probability of misidentification increases, the optimal day fine for the rich increases to counter the dilution in deterrence and
eep the level of welfare constant.

More generally, while addressing the problem of treating individuals with different levels of wealth similarly, the implementation
f day fines also creates another form of unfair treatment, that of honest taxpayers versus dishonest tax-avoiders. In turn, uncertain
nd imprecise wealth-assessments may make it difficult for individuals to accurately forecast the amount of the fine they will be
ubjected to, adding to the costs of implementing day fines. Yet, current international efforts to make wealth more easily verifiable
or taxation purposes (Zucman, 2024) might, if successful, also ameliorate the problem of verifying wealth for enforcement purposes.
onversely, the introduction of day fines may provide implicit audits of individuals’ wealth at each application of a fine, which in
urn could be a positive spillover for tax authorities.

Finally, advocates of day fines generally argue that revenues from fines will be higher with day fines than they are with uniform
ines. This claim is confirmed by the results of the policy experiments in the United States reported in Section 2. The logic is that

34 See also D’Antoni and Tabbach (2022) for an economic analysis of discriminatory enforcement in the presence of inequality.
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poor defendants will generally be better able to pay a (lower) day fine. We note, however, that average deterrence increases in our
model following the introduction of day fines and hence the number of violations goes down, generating the opposite effect. A drop
in revenues from fines may after all be good news, as it may indicate that day fines substantially increase deterrence. We leave a
more careful consideration of these issues to further research.
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Appendix

A.1. Social welfare function

∑

𝑖∈{𝑅,𝑃 }
𝜇𝑖

(

∫

𝑔𝑖

0
𝑣(𝑤𝑖) 𝑑 𝑔 + ∫

1

𝑔𝑖

(

𝑣(𝑤𝑖 − 𝑓𝑖) + 𝑔 − ℎ
)

𝑑 𝑔 + 𝑠𝑖(𝑓𝑅, 𝑓𝑃 )
)

(A.1)

The first integral in (A.1) accounts for the welfare of individuals who do not commit a crime, the second integral reckons the
elfare of those who commit a crime, and 𝑠𝑖(𝑓𝑅, 𝑓𝑃 ) is the utility that an individual of type 𝑖 derives from the public goods and

ervices that are financed with the proceeds of fines (𝑓𝑅, 𝑓𝑃 ) for the rich and the poor, respectively.35 Note that the last term captures
the notion that the proceeds from fines cannot be used to repair the harm, they can only be redistributed.

It is easy to see that with concave utilities, the imposition of fines redistributes wealth in ways that affect social welfare
independently of deterrence. The deterrence problem is to optimally reduce the net social cost of crime, ℎ − 𝑔; however, the
application of fines imposes a disutility, 𝑣(𝑤𝑖) − 𝑣(𝑤𝑖 − 𝑓𝑖), on offenders and generates a utility gain, 𝑠𝑖(𝑓𝑅, 𝑓𝑃 ), for everyone. In
order to isolate the deterrence problem from redistribution effects, we assume that the following equality holds throughout:

∑

𝑖∈{𝑅,𝑃 }
𝜇𝑖

(

1 − 𝑔𝑖
) (

𝑣(𝑤𝑖) − 𝑣(𝑤𝑖 − 𝑓𝑖)
)

=
∑

𝑖∈{𝑅,𝑃 }
𝜇𝑖𝑠𝑖(𝑓𝑅, 𝑓𝑃 )

that is, we assume that the total reduction in utility in society due to the imposition of the fine (left-hand side) is equal to the
ncrease in utility given the provision of additional goods and services (right-hand side).36 Under this assumption, the distributional
ffects of fines are separated from social welfare. As expected, this assumption would be automatically satisfied with risk-neutral
ndividuals and direct redistribution of the money collected through fines. This setup allows us to zero in on the deterrence problem
nd to dispense with arbitrary assumptions as to how (and how efficiently) the proceeds from fines are redistributed between the
wo groups of individuals. Accordingly, the welfare function in (A.1) reduces to the expression in (2) in the main text.37

A.2. Proof of Lemma 2

The first order condition for (3) is:
𝑑 𝑊 𝑈

𝑑 𝑓 = −
∑

𝑖∈{𝑅,𝑃 }
𝜇𝑖(𝑔𝑖 − ℎ)

𝑑 𝑔𝑖
𝑑 𝑓 = 0

The second order condition is
𝑑2𝑊 𝑈

𝑑 𝑓 2
= −

∑

𝑖∈{𝑅,𝑃 }

[

𝜇𝑖

(

𝑑 𝑔𝑖
𝑑 𝑓

)2
+ 𝜇𝑖(𝑔𝑖 − ℎ)

𝑑2𝑔𝑖
𝑑 𝑓 2

]

< 0

The first term in the square brackets is always positive, but the second term could be positive for the poor and negative for the
ich and could sum up to a negative term given that 𝑑2𝑔𝑖

𝑑 𝑓2 = −𝑣′′(𝑤𝑖 − 𝑓 ) > 0 and, by (5), 𝜇𝑃 (𝑔𝑃 − ℎ) < −𝜇𝑅(𝑔𝑅 − ℎ). In order to focus

35 We include the private gain of individuals who commit a crime in the social welfare function. It is however debated if the proper modeling of offenses
should or should not include offenders’ private gains in the social welfare. See for instance Stigler (1970).

36 There is a literature on the costs of imposing fines. See Polinsky and Shavell (2000) and references therein.
37 Note that, without loss of generality, we have deleted the constant term 𝑣(𝑤 ).
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attention on the interesting case in which the solution to the first order condition is a maximum, we assume that the second order
condition is satisfied.

Focusing on interior solutions, note five facts. First, the first order condition is satisfied by 𝑓𝑈 = 0 if ℎ = 0. In this limit case,
he optimal level of deterrence would be 𝑔𝑈𝑅 = 𝑔𝑈𝑃 = 0. Second, both the fine and the equilibrium levels of deterrence are strictly
ncreasing in ℎ. Indeed, whenever the second order condition is satisfied, the result immediately follows from

𝑑2𝑊 𝑈

𝑑 𝑓 𝑑 ℎ =
∑

𝑖∈{𝑅,𝑃 }
𝜇𝑖

𝑑 𝑔𝑖
𝑑 𝑓 > 0

and inspection of Eq. (1). Therefore, when ℎ > 0, as we assume, we must have a positive fine and hence 𝑔𝑈𝑅 < ℎ < 𝑔𝑈𝑃 as explained
in the text. Third, the difference 𝑔𝑈𝑃 − 𝑔𝑈𝑅 is positive and increases in ℎ because

𝑑
𝑑 ℎ

(

𝑔𝑈𝑃 − 𝑔𝑈𝑅
)

=
(

𝑣′(𝑤𝑃 − 𝑓𝑈 ) − 𝑣′(𝑤𝑅 − 𝑓𝑈 )
) 𝑑 𝑓𝑈

𝑑 ℎ > 0

by concavity of the utility function. Therefore, as ℎ increases, the fine increases, and the levels of deterrence for the rich and the poor
increase and diverge. Fourth, because of the concavity of the utility function, we have 𝑣′(𝑤𝑅−𝑓)

𝑣′(𝑤𝑃 −𝑓)
< 1 and hence from the first-order

ondition we obtain
𝑔𝑈𝑃 − ℎ

ℎ − 𝑔𝑈𝑅
<

𝜇𝑅
𝜇𝑃

< 1

which implies that, at the optimum, there is a larger deterrence distortion for the rich than for the poor, 𝑔𝑈𝑃 − ℎ < ℎ − 𝑔𝑈𝑅 .
Finally, note that, next to the interior solution, there always exists a corner solution in which the fine is so high that it fully deters

the poor. Let ℎ′ be the level of ℎ such that the fine that fully deters the poor — that is, 𝑓 such that 𝑔𝑈𝑃 = 𝑣
(

𝑤𝑃
)

− 𝑣
(

𝑤𝑃 − 𝑓
)

= 1
— results in first-best deterrence for the rich — that is, 𝑔𝑈𝑅 = 𝑣

(

𝑤𝑅
)

− 𝑣
(

𝑤𝑅 − 𝑓
)

. It is easy to see that if ℎ < ℎ′, then the fine that
fully deters the poor results in over-deterrence of the rich. Conversely, if ℎ > ℎ′ the fine can be increased so as to keep the rich
at the first-best level of deterrence without having any effect on the poor, who are already fully deterred. Such a corner solution
yields a level of welfare that is equal to

𝑊 𝑈 ≡ 𝜇𝑅 ∫

1

ℎ
(𝑔 − ℎ) 𝑑 𝑔

if ℎ ≥ ℎ′ and is smaller than that if ℎ < ℎ′. We have that

𝑊 𝑈 (𝑓𝑈 ) −𝑊 𝑈 = 𝜇𝑃 ∫

1

𝑔𝑈𝑃

(𝑔 − ℎ) 𝑑 𝑔 + 𝜇𝑅 ∫

ℎ

𝑔𝑈𝑅

(𝑔 − ℎ) 𝑑 𝑔

and, by the Envelop Theorem, we have that
𝑑
𝑑 ℎ

(

𝑊 𝑈 (𝑓 ) −𝑊 𝑈 ) = 𝜕
𝜕 ℎ

(

𝑊 𝑈 (𝑓𝑈 ) −𝑊 𝑈 )

= −𝜇𝑃
(

1 − 𝑔𝑈𝑃
)

− 𝜇𝑅
(

ℎ − 𝑔𝑈𝑅
)

< 0

Finally, we have limℎ→0(𝑊 𝑈 (𝑓𝑈 ) − 𝑊 𝑈 ) > 0. Put together, these facts show that there is a ℎ > 0 such that if ℎ ≤ ℎ, then
𝑊 𝑈 (𝑓𝑈 ) −𝑊 𝑈 ≥ 0 and hence the interior solution yields a weakly greater level of social welfare than the corner solution with full
eterrence of the poor. □

A.3. Proof of Proposition 3

Note that by the Envelope Theorem, we can write
𝑑 𝛥𝑊
𝑑⋅

=
𝑑 𝑊 𝐷 (

𝑓𝑅, 𝑓𝑃
)

𝑑⋅
−

𝑑 𝑊 𝑈 (𝑓 )
𝑑⋅

=
𝜕 𝑊 𝐷 (

𝑓𝑅, 𝑓𝑃
)

𝜕⋅
−

𝜕 𝑊 𝑈 (𝑓 )
𝜕⋅

= 𝜕 𝛥𝑊
𝜕⋅

which implies that we can derive comparative statics results by looking at the direct effect of the variables of interest and ignore
the indirect effect through the fine.

1. (Costs of wealth verification.) We have: 𝜕 𝛥𝑊
𝜕 𝐾 = −1 and 𝜕 𝛥𝑊

𝜕 𝑘 = − (1 − ℎ − 𝑘) < 0. Therefore, an increase in the costs of wealth
verification favors the use of a uniform fine.

2. (Harm.) We have:
𝜕 𝛥𝑊
𝜕 ℎ = 𝑘 −

[

𝜇𝑃
(

𝑔𝑈𝑃 − ℎ
)

− 𝜇𝑅
(

ℎ − 𝑔𝑈𝑅
)]

> 0

where the term in square brackets is negative by (5). Therefore, an increase in the harm from crime favors day fines.
3. (Inequality.) We have:

𝜕 𝛥𝑊
𝜕 𝑤𝑅

= −𝜇𝑅
𝜕 𝑔𝑈𝑅
𝜕 𝑤𝑅

(

ℎ − 𝑔𝑈𝑅
)

= −𝜇𝑅
[

𝑣′
(

𝑤𝑅
)

− 𝑣′
(

𝑤𝑅 − 𝑓
)] (

ℎ − 𝑔𝑈𝑅
)

> 0

and
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Fig. A.1. Optimal day fines with insolvency.

𝜕 𝛥𝑊
𝜕 𝑤𝑃

= 𝜇𝑃
𝜕 𝑔𝑈𝑃
𝜕 𝑤𝑃

(

𝑔𝑈𝑃 − ℎ
)

= 𝜇𝑃
[

𝑣′
(

𝑤𝑃
)

− 𝑣′
(

𝑤𝑃 − 𝑓
)] (

𝑔𝑈𝑃 − ℎ
)

< 0

Therefore, 𝛥𝑊 increases when the difference 𝑤𝑅 −𝑤𝑃 increases, which in turn favors day fines. □

A.4. Deterrence with potentially insolvent individuals

A.4.1. Day fines
With day fines, the maximal fines that can be applied to rich and poor, 𝑓𝐷

𝑖 = 𝑤𝑖, differ accordingly to their levels of wealth.
Consequently, the maximal levels of attainable deterrence also differ, as follows:

𝑔̂𝐷𝑅 = 𝑣
(

𝑤𝑅
)

𝑔̂𝐷𝑃 = 𝑣
(

𝑤𝑃
)

for the rich and the poor respectively. Since the rich are richer than the poor, 𝑤𝑅 > 𝑤𝑃 , the upper bound on the attainable level
of deterrence is greater for the rich than it is for the poor, 𝑔̂𝐷𝑅 > 𝑔̂𝐷𝑃 . From Lemma 1, we know that, absent wealth constraints, the
day fines should be such that 𝑔𝐷𝑖 = ℎ+ 𝑘, which increases in ℎ. Since deterrence is now bounded, there will be a cutoff level of the
harm such that deterrence through day fines cannot be further increased when harm is greater than the cutoff. That is, we have:

ℎ̂𝐷𝑅 ≡ 𝑣
(

𝑤𝑅
)

− 𝑘
ℎ̂𝐷𝑃 ≡ 𝑣

(

𝑤𝑃
)

− 𝑘
(A.2)

for the rich and the poor, respectively, with ℎ̂𝐷𝑅 > ℎ̂𝐷𝑃 . When the harm is above the cutoff, the optimal day fines identified in Lemma 1
cannot be implemented, and deterrence changes accordingly. The next Lemma formalizes these points.

Lemma A.1. When individuals are potentially insolvent, there are two cutoff levels of the harm, ℎ̂𝐷𝑅 and ℎ̂𝐷𝑃 defined in (A.2) such that:

1. if ℎ ≤ ℎ̂𝐷𝑃 , optimal day fines and deterrence are as in Lemma 1;
2. if ℎ̂𝐷𝑃 < ℎ ≤ ℎ̂𝐷𝑅 , the optimal day fine and deterrence for the rich are as in Lemma 1; the optimal day fine and deterrence for the
poor are maximal and lower than those for the rich, 𝑓𝐷

𝑅 > 𝑓𝐷
𝑃 = 𝑤𝑃 and 𝑔𝐷𝑅 = ℎ + 𝑘 > 𝑣 (𝑤𝑃

)

= 𝑔̂𝐷𝑃 ;
3. if ℎ > ℎ̂𝐷𝑅 , the optimal day fine and deterrence are maximal for both groups and are greater for the rich than for the poor,

𝑓𝐷
𝑅 = 𝑤𝑅 > 𝑤𝑃 = 𝑓𝐷

𝑃 and 𝑔̂𝐷𝑅 = 𝑣
(

𝑤𝑅
)

> 𝑣 (𝑤𝑃
)

= 𝑔̂𝐷𝑃 ;

Proof. See the text. □

Figs. A.1(a) and A.1(b) illustrate these results. Note that also the first-best fines are constrained by the same maximum as the
day fines, as individuals cannot be fined more than their wealth.

A.4.2. Uniform fine
With a uniform fine, the maximal fine that can be applied so that both rich and poor can pay is bounded by the wealth of

the poor, 𝑓𝑈 = 𝑤𝑃 = 𝑓𝐷
𝑃 , and is hence equal to the maximal day fine for the poor. As a result, the maximal levels of attainable

deterrence are:
𝑔̂𝑈𝑅 = 𝑣

(

𝑤𝑅
)

− 𝑣
(

𝑤𝑅 −𝑤𝑃
)

( ) (A.3)
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𝑔

Fig. A.2. Optimal uniform fine with insolvency.

so that the maximal level of deterrence for the poor is as with day fines, while the one for the rich is both lower than that for the
poor, 𝑔̂𝑈𝑅 < 𝑔̂𝑈𝑃 and lower than the maximal level of deterrence for the rich under day fines 𝑔̂𝑈𝑅 < 𝑔̂𝐷𝑅 . We know that the optimal
uniform fine and the resulting levels of deterrence increase with the harm, so that there is a cutoff level of the harm ℎ̂𝑈 :

𝑣
(

𝑤𝑅
)

− 𝑣
(

𝑤𝑅 −𝑤𝑃
)

≤ ℎ̂𝑈 ≤ 𝑣
(

𝑤𝑃
)

(A.4)

such that if the harm is above the cutoff, the fines cannot be further increased, and deterrence flattens for both groups. The inequality
in (A.4) follows from the fact that ℎ̂𝑈 must satisfy (4) when the levels of deterrence are as in (A.3), and hence it must be such that
̂𝑈𝑅 ≤ ℎ̂𝑈 ≤ 𝑔̂𝑈𝑃 . It is easy to see that deterrence is still larger for the poor than it is for the rich, who remain under-deterred, while
the poor may be over- or under-deterred as formalized in the following lemma. Figs. A.2(a) and A.2(b) illustrate the results.

Lemma A.2. When individuals are potentially insolvent, there is a cutoff level of the harm, ℎ̂𝑈 such that:
1. if ℎ ≤ ℎ̂𝑈 , the optimal uniform fine and deterrence are as in Lemma 2;
2. if ℎ > ℎ̂𝑈 , the optimal uniform fine is equal to the wealth of the poor and is such that the rich are less deterred than the poor, with

𝑔̂𝑈𝑅 < 𝑔̂𝑈𝑃 , respectively, as defined in (A.3). The rich are under-deterred compared to the first-best level of deterrence, 𝑔̂𝑈𝑅 < ℎ, while
the poor are (weakly) over-deterred for ℎ close to ℎ̂𝑈 but are under-deterred at higher levels of ℎ.

Proof. See the text for point 1 and the first part of point 2. For the second part of point 2, note that the poor are over-deterred at
ℎ = ℎ̂𝑈 if ℎ̂𝑈 < 𝑣 (𝑤𝑃

)

, which, given the condition in (4), is generally true unless 𝑣′ (0) → ∞, in which case ℎ̂𝑈 = 𝑣
(

𝑤𝑃
)

and the
poor are deterred as in the first best (this is the case in Fig. A.2(a)). As ℎ approaches 1, the poor are under-deterred because, by
hypothesis, insolvency implies 𝑔̂𝑈𝑃 < 1. □

A.4.3. The optimal choice between a uniform fine and day fines
When comparing the performance of the two different regimes, note that the thresholds on the harm may have the following

three possible orderings: (1) ℎ̂𝑈 ≤ ℎ̂𝐷𝑃 , (2) ℎ̂𝐷𝑃 < ℎ̂𝑈 < ℎ𝐷𝑅 , or (3) ℎ̂𝑈 ≥ ℎ̂𝐷𝑅 . Which one of these cases materializes will depend on the
curvature of the individuals’ utility function, 𝑣

(

𝑤𝑖
)

, and on the size of the variable costs of wealth verification, 𝑘. Yet, our previous
results still hold, with minor adjustments, in the case of insolvent individuals irrespective of the ordering. The following proposition
confirms the results of Proposition 1 concerning individual deterrence.

Proposition A.1. When individuals are potentially insolvent, day fines deter the rich more than uniform fines do. If the variable cost
of wealth verification, 𝑘, is small, day fines deter the poor weakly less than uniform fines do; in contrast, if the variable cost of wealth
verification, 𝑘, is large, day fines deter the poor weakly more than uniform fines do.

Proof. Immediate from Proposition 1 and noting that 𝑔̂𝑈𝑃 = 𝑔̂𝐷𝑃 , while 𝑔̂𝑈𝑅 < 𝑔̂𝐷𝑅 . □

When individuals are potentially insolvent, average deterrence remains higher with day fines. This is easy to see considering
that if ℎ is low, the results of Proposition A.2 apply directly, and if ℎ is high, the poor are maximally and hence identically deterred
under day fines as under a uniform fine, while the rich are always deterred less under a uniform fine. The only relevant difference
with the unconstrained case of Proposition 2 is that the average level of deterrence with day fines will be less than the first best
when the harm is very high because then both groups are at their maximum level of deterrence, so that day fines can no longer
track the increase in harm.

Proposition A.2. When individuals are potentially insolvent, compared with the first best, day fines result, on average, in over-deterrence,
𝑔𝐷 > ℎ, if harm is low and in under-deterrence, 𝑔𝐷 < ℎ, if harm is high. In contrast, uniform fines result, on average, in under-deterrence,
𝑔𝑈 < ℎ. On average, day fines deter more than a uniform fine does, 𝑔𝐷 > 𝑔𝑈 .
18
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Fig. A.3. Average deterrence with insolvency.

Proof. Immediate from Propositions 2 and A.1. □

Given the results above, it is easy to see that Proposition 3 still holds in the case of insolvent individuals. Some of the results
hold weakly because when individuals are maximally deterred, further increases in the harm or in inequality cannot be matched
with an increase in the fines. Moreover, the comparative statics with respect to inequality still favors the adoption of day fines but
only if there are enough rich individuals in society (see Fig. A.3).

Proposition A.3. When individuals are potentially insolvent, day fines become weakly more desirable than a uniform fine if:
1. The costs of wealth verification, 𝑘 and 𝐾, decrease;
2. The harm from crime, ℎ, increases;
3. The inequality of wealth, 𝛥𝑤, increases only when there are enough rich individuals. If there are few rich individuals, day fines
become weakly less desirable than a uniform fine if the inequality of wealth increases.

Proof. From Lemmas A.1 and A.2 above, we have:

𝑔̂𝑈𝑅 < 𝑔̂𝑈𝑃 = 𝑔̂𝐷𝑃 < 𝑔̂𝐷𝑅 (A.5)

Next, we consider the three possible orderings of the thresholds for ℎ, which we have introduced above:

Case (1): ℎ̂𝑈 ≤ ℎ̂𝐷𝑃 . The welfare difference is

𝛥𝑊1 =

⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

∑

𝑖∈{𝑅,𝑃 } 𝜇𝑖 ∫
𝑔𝑈𝑖
ℎ+𝑘(𝑔 − ℎ) 𝑑 𝑔 − 𝑘 (1 − ℎ − 𝑘) −𝐾 if ℎ ≤ ℎ̂𝑈

∑

𝑖∈{𝑅,𝑃 } 𝜇𝑖 ∫
𝑔̂𝑈𝑖
ℎ+𝑘(𝑔 − ℎ) 𝑑 𝑔 − 𝑘 (1 − ℎ − 𝑘) −𝐾 if ℎ̂𝑈 < ℎ ≤ ℎ̂𝐷𝑃

𝜇𝑅 ∫
𝑔̂𝑈𝑅
ℎ+𝑘(𝑔 − ℎ) 𝑑 𝑔 − 𝜇𝑅𝑘 (1 − ℎ − 𝑘) − 𝜇𝑃 𝑘

(

1 − 𝑔̂𝐷𝑃
)

−𝐾 if ℎ̂𝐷𝑃 < ℎ ≤ ℎ̂𝐷𝑅
∑

𝑖∈{𝑅,𝑃 } 𝜇𝑖

(

∫
𝑔̂𝑈𝑖
𝑔̂𝐷𝑖

(𝑔 − ℎ) 𝑑 𝑔 − 𝑘
(

1 − 𝑔̂𝐷𝑖
)

)

−𝐾 if ℎ > ℎ̂𝐷𝑅

The first line is as in Proposition 3 and the comparative statics is identical. In the second line, the comparative statics is the
same except for the inequality of wealth, which is ambiguous. Indeed, we have

𝜕 𝛥𝑊1
𝜕 𝑤𝑅

= −𝜇𝑅
[

𝑣′
(

𝑤𝑅
)

− 𝑣′
(

𝑤𝑅 −𝑤𝑃
)] (

ℎ − 𝑔̂𝑈𝑅
)

> 0

but
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𝜕 𝛥𝑊1
𝜕 𝑤𝑃

= 𝜇𝑃 𝑣
′ (𝑤𝑃

) (
𝑔̂𝑈𝑃 − ℎ

)

− 𝜇𝑅𝑣
′ (𝑤𝑅 −𝑤𝑃

) (
ℎ − 𝑔̂𝑈𝑅

)

where the first term is positive and the second term is negative, and hence the sign is ambiguous unless there are enough rich
people. In the third line, where we used 𝑔̂𝑈𝑃 = 𝑔̂𝐷𝑃 , we have

𝜕 𝛥𝑊1
𝜕 𝑘 = −𝜇𝑅 (1 − ℎ − 𝑘) − 𝜇𝑃

(

1 − 𝑔̂𝑈𝑃
)

< 0

and
𝜕 𝛥𝑊1
𝜕 ℎ = 𝜇𝑅

(

ℎ + 𝑘 − 𝑔̂𝑈𝑅
)

> 0 (A.6)

where the term in brackets is positive by point 2 of Lemma A.2. Finally, we have
𝜕 𝛥𝑊1
𝜕 𝑤𝑅

= −𝜇𝑅
[

𝑣′
(

𝑤𝑅
)

− 𝑣′
(

𝑤𝑅 −𝑤𝑃
)] (

ℎ − 𝑔̂𝑈𝑅
)

> 0

but the sign of
𝜕 𝛥𝑊1
𝜕 𝑤𝑃

= 𝜇𝑃 𝑣
′ (𝑤𝑃

)

𝑘 − 𝜇𝑅𝑣
′ (𝑤𝑅 −𝑤𝑃

) (
ℎ − 𝑔̂𝑈𝑅

)

is ambiguous unless there are enough rich people. Indeed, the first term is positive and the second term is negative. In the
last line we have

𝜕 𝛥𝑊1
𝜕 𝑘 = −𝜇𝑅

(

1 − 𝑔̂𝑈𝑅
)

− 𝜇𝑃
(

1 − 𝑔̂𝑈𝑃
)

< 0

and
𝜕 𝛥𝑊1
𝜕 ℎ = 𝜇𝑅

(

𝑔̂𝐷𝑅 − 𝑔̂𝑈𝑅
)

> 0

Furthermore, we have:
𝜕 𝛥𝑊1
𝜕 𝑤𝑅

= 𝜇𝑅
[(

𝑔̂𝑈𝑅 − ℎ
) (

𝑣′
(

𝑤𝑅
)

− 𝑣′
(

𝑤𝑅 −𝑤𝑃
))

−
(

𝑔̂𝐷𝑅 − ℎ
)

𝑣′
(

𝑤𝑅
)

+ 𝑘𝑣′
(

𝑤𝑅
)]

> 0

but again, the sign of
𝜕 𝛥𝑊1
𝜕 𝑤𝑃

= 𝜇𝑃 𝑣
′ (𝑤𝑃

)

𝑘 + 𝜇𝑅𝑣
′ (𝑤𝑅 −𝑤𝑃

) (
𝑔̂𝑈𝑅 − ℎ

)

is ambiguous unless there are enough rich people. Indeed, the first term is positive and the second term is negative.
Case(2): ℎ̂𝐷𝑃 < ℎ̂𝑈 < ℎ̂𝐷𝑅 . The welfare difference is

𝛥𝑊2 =

⎧

⎪

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎪

⎩

∑

𝑖∈{𝑅,𝑃 } 𝜇𝑖 ∫
𝑔𝑈𝑖
ℎ+𝑘(𝑔 − ℎ) 𝑑 𝑔 − 𝑘 (1 − ℎ − 𝑘) −𝐾 if ℎ ≤ ℎ̂𝐷𝑃

𝜇𝑅 ∫
𝑔𝑈𝑅
ℎ+𝑘(𝑔 − ℎ) 𝑑 𝑔 + 𝜇𝑃 ∫

𝑔𝑈𝑃
𝑔̂𝐷𝑃

(𝑔 − ℎ) 𝑑 𝑔
−𝜇𝑅𝑘 (1 − ℎ − 𝑘) − 𝜇𝑃 𝑘

(

1 − 𝑔̂𝐷𝑃
)

−𝐾
if ℎ̂𝐷𝑃 < ℎ ≤ ℎ̂𝑈

𝜇𝑅 ∫
𝑔̂𝑈𝑅
ℎ+𝑘(𝑔 − ℎ) 𝑑 𝑔 − 𝜇𝑅𝑘 (1 − ℎ − 𝑘) − 𝜇𝑃 𝑘

(

1 − 𝑔̂𝐷𝑃
)

−𝐾 if ℎ̂𝑈 < ℎ ≤ ℎ̂𝐷𝑅
∑

𝑖∈{𝑅,𝑃 }

(

𝜇𝑖 ∫
𝑔̂𝑈𝑖
𝑔̂𝐷𝑖

(𝑔 − ℎ) 𝑑 𝑔 − 𝑘
(

1 − 𝑔̂𝐷𝑝
)

)

−𝐾 if ℎ > ℎ̂𝐷𝑅

where 𝑔̂𝐷 = 𝜇𝑅𝑔̂𝐷𝑅 + 𝜇𝑃 𝑔̂𝐷𝑃 is the average level of deterrence. The first line is as in Proposition 3 and the comparative statics
is identical. In the second line

𝜕 𝛥𝑊2
𝜕 𝑘 = −𝜇𝑅 (1 − ℎ − 𝑘) − 𝜇𝑃

(

1 − 𝑔̂𝐷𝑃
)

< 0 (A.7)

but
𝜕 𝛥𝑊2
𝜕 ℎ = 𝜇𝑅

(

ℎ + 𝑘 − 𝑔𝑈𝑅
)

− 𝜇𝑃
(

𝑔𝑈𝑃 − 𝑔̂𝐷𝑃
)

is ambiguous unless there are enough rich people since 𝑔𝑈𝑅 < ℎ + 𝑘 (because of Lemma 2) and 𝑔𝑈𝑃 > 𝑔̂𝑈𝑃 = 𝑔̂𝐷𝑃 as in (A.5).
Moreover,

𝜕 𝛥𝑊2
𝜕 𝑤𝑅

= −𝜇𝑅
[

𝑣′
(

𝑤𝑅
)

− 𝑣′
(

𝑤𝑅 − 𝑓𝑈 )] (ℎ − 𝑔𝑈𝑅
)

> 0

but
𝜕 𝛥𝑊2
𝜕 𝑤𝑃

= 𝜇𝑃
[

𝑣′
(

𝑤𝑃
)

− 𝑣′
(

𝑤𝑃 − 𝑓𝑈 )] (𝑔𝑈𝑃 − ℎ
)

+ 𝜇𝑃 𝑣
′ (𝑤𝑃

) (
ℎ + 𝑘 − 𝑔̂𝐷𝑃

)

where the first term is negative (by Lemma 2) while the second is positive (by Lemma A.1), so that the overall comparative
statics with respect to wealth is ambiguous unless there are enough rich people.
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In the third line, the derivative with respect to 𝑘 is identical to (A.7) and the one with respect to harm is identical to (A.6).
Moreover, we have

𝜕 𝛥𝑊2
𝜕 𝑤𝑅

= −𝜇𝑅
[

𝑣′
(

𝑤𝑅
)

− 𝑣′
(

𝑤𝑅 −𝑤𝑃
)] (

ℎ − 𝑔̂𝑈𝑅
)

> 0

(using Lemma A.2) and using 𝑔̂𝑈𝑃 = 𝑔̂𝐷𝑃 (see (A.5)), we find that the sign of
𝜕 𝛥𝑊2
𝜕 𝑤𝑃

= 𝜇𝑃 𝑣
′ (𝑤𝑃

)

𝑘 − 𝜇𝑅𝑣
′ (𝑤𝑅 −𝑤𝑃

) (
ℎ − 𝑔̂𝑈𝑅

)

(A.8)

is ambiguous unless there are enough rich people. Indeed, the first term is positive and the second term is negative (always
by Lemma A.2). Finally, in the last line, we have

𝜕 𝛥𝑊2
𝜕 𝑘 = − (

1 − 𝑔̂𝐷
)

< 0 (A.9)

and
𝜕 𝛥𝑊2
𝜕 ℎ = 𝜇𝑅

(

𝑔̂𝐷𝑅 − 𝑔̂𝑈𝑅
)

> 0.

Moreover,
𝜕 𝛥𝑊2
𝜕 𝑤𝑅

= −𝜇𝑅
[

𝑣′
(

𝑤𝑅
)

− 𝑣′
(

𝑤𝑅 − 𝑓𝑈 )] (ℎ − 𝑔𝑈𝑅
)

+ 𝜇𝑅𝑣
′ (𝑤𝑅

) (
ℎ − 𝑔𝑈𝑅

)

> 0

(using Lemma A.2) and 𝜕 𝛥𝑊2
𝜕 𝑤𝑃

is equal to (A.8). Therefore, 𝛥𝑊 increases when the difference 𝑤𝑅 −𝑤𝑃 increases if there is a
sufficiently large number of rich individuals.

Case (3): ℎ̂𝑈 ≥ ℎ̂𝐷𝑅 . The welfare difference is

𝛥𝑊3 =

⎧

⎪

⎪

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎪

⎪

⎩

∑

𝑖∈{𝑅,𝑃 } 𝜇𝑖 ∫
𝑔𝑈𝑖
ℎ+𝑘(𝑔 − ℎ) 𝑑 𝑔 − 𝑘 (1 − ℎ − 𝑘) −𝐾 if ℎ ≤ ℎ̂𝐷𝑃

𝜇𝑅 ∫
𝑔𝑈𝑅
ℎ+𝑘(𝑔 − ℎ) 𝑑 𝑔 + 𝜇𝑃 ∫

𝑔𝑈𝑃
𝑔̂𝐷𝑃

(𝑔 − ℎ) 𝑑 𝑔
−𝜇𝑅𝑘 (1 − ℎ + 𝑘) − 𝜇𝑃 𝑘

(

1 − 𝑔̂𝐷𝑃
)

−𝐾
if ℎ̂𝐷𝑃 < ℎ ≤ ℎ̂𝐷𝑅

𝜇𝑅 ∫
𝑔𝑈𝑅
𝑔̂𝐷𝑅

(𝑔 − ℎ) 𝑑 𝑔 + 𝜇𝑃 ∫
𝑔𝑈𝑃
𝑔̂𝐷𝑃

(𝑔 − ℎ) 𝑑 𝑔
−𝜇𝑅𝑘

(

1 − 𝑔̂𝐷𝑅
)

− 𝜇𝑃 𝑘
(

1 − 𝑔̂𝐷𝑃
)

−𝐾
if ℎ̂𝐷𝑅 < ℎ ≤ ℎ̂𝑈

𝜇𝑅 ∫
𝑔̂𝑈𝑅
𝑔̂𝐷𝑅

(𝑔 − ℎ) 𝑑 𝑔 − 𝜇𝑅𝑘
(

1 − 𝑔̂𝐷𝑅
)

− 𝜇𝑃 𝑘
(

1 − 𝑔̂𝐷𝑃
)

−𝐾 if ℎ > ℎ̂𝑈

The first line is as in Proposition 3. In the second line, the comparative statics with respect to 𝑘 is identical to (A.7). We also
have

𝜕 𝛥𝑊3
𝜕 ℎ = 𝜇𝑅

(

ℎ + 𝑘 − 𝑔𝑈𝑅
)

− 𝜇𝑃
(

𝑔𝑈𝑅 − 𝑔̂𝐷𝑃
)

> 0

because 𝑔𝑈𝑅 < ℎ + 𝑘 and 𝑔𝑈𝑅 < 𝑔̂𝐷𝑃 . Moreover,
𝜕 𝛥𝑊3
𝜕 𝑤𝑅

= −𝜇𝑅
[

𝑣′
(

𝑤𝑅
)

− 𝑣′
(

𝑤𝑅 − 𝑓𝑈 )] (ℎ − 𝑔𝑈𝑅
)

> 0

but the sign of
𝜕 𝛥𝑊3
𝜕 𝑤𝑃

= −𝜇𝑃
[

𝑣′
(

𝑤𝑃
)

− 𝑣′
(

𝑤𝑃 − 𝑓𝑈 )] (ℎ − 𝑔𝑈𝑃
)

+ 𝜇𝑃 𝑣
′ (𝑤𝑃

) (
ℎ + 𝑘 − 𝑔̂𝐷𝑃

)

is ambiguous since the first term is negative (using Lemma 2) while the second is positive (using Lemma A.1). So that also
the overall comparative statics with respect to wealth is ambiguous unless there are enough rich people. In the third line, the
derivative with respect to 𝑘 is identical to the one in (A.9). Moreover, we have,

𝜕 𝛥𝑊3
𝜕 ℎ = −𝜇𝑅

(

𝑔𝑈𝑅 − 𝑔̂𝐷𝑅
)

− 𝜇𝑃
(

𝑔𝑈𝑃 − 𝑔̂𝐷𝑃
)

> 0

and
𝜕 𝛥𝑊3
𝜕 𝑤𝑅

= −𝜇𝑅
[

𝑣′
(

𝑤𝑅
)

− 𝑣′
(

𝑤𝑅 − 𝑓𝑈 )] (ℎ − 𝑔𝑈𝑅
)

+ 𝜇𝑅𝑣
′ (𝑤𝑅

) (
ℎ + 𝑘 − 𝑔̂𝐷𝑅

)

> 0

but the sign of
𝜕 𝛥𝑊3 = −𝜇 [

𝑣′
(

𝑤
)

− 𝑣′
(

𝑤 − 𝑓𝑈 )] (ℎ − 𝑔𝑈
)

+ 𝜇 𝑣′
(

𝑤
) (

ℎ + 𝑘 − 𝑔̂𝐷
)
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a
b

T
𝑔

c

r

o

v
t

is ambiguous since the first term is negative (using Lemma 2) and the second term is positive (using Lemma A.1). Then, the
overall comparative statics with respect to wealth is ambiguous unless there are enough rich people. Finally, in the last line,
the derivative with respect to 𝑘 is identical to the one in (A.9). Moreover, we have

𝜕 𝛥𝑊3
𝜕 ℎ = 𝜇𝑅

(

𝑔̂𝐷𝑅 − 𝑔̂𝑈𝑅
)

> 0

and
𝜕 𝛥𝑊3
𝜕 𝑤𝑅

= −𝜇𝑅
[

𝑣′
(

𝑤𝑅
)

− 𝑣′
(

𝑤𝑅 −𝑤𝑃
)] (

ℎ − 𝑔̂𝑈𝑅
)

+ 𝜇𝑅𝑣
′ (𝑤𝑅

) (
ℎ + 𝑘 − 𝑔̂𝐷𝑅

)

> 0

and, finally,
𝜕 𝛥𝑊3
𝜕 𝑤𝑃

= −𝜇𝑅𝑣′
(

𝑤𝑅 −𝑤𝑃
) (

ℎ − 𝑔̂𝑈𝑅
)

+ 𝜇𝑃 𝑣
′ (𝑤𝑃

)

𝑘

which is ambiguous unless there are enough rich people. Indeed, the first term is negative (using Lemma A.2) and the second
term is positive. □

A.5. Deterrence with heterogeneity in monitoring costs

In this section, we consider the case in which wealth verification is more difficult for the rich than it is for the poor. To this end,
we assume that the costs of wealth verification are higher for the rich than they are for the poor, so that 𝑘𝑅 > 𝑘𝑃 and 𝐾𝑅 > 𝐾𝑃 ,
nd that there is a probability 1 − 𝑞 that a rich individual is misidentified as a poor one. The model with uniform fines is unaffected
y wealth verification. Instead, with day fines, the social welfare function becomes

𝑊̃ 𝐷(𝑓𝑅, 𝑓𝑃 ) =
∑

𝑖∈{𝑅,𝑃 }
𝜇𝑖 ∫

1

𝑔𝑖

(

𝑔 − ℎ − 𝑘𝑖
)

𝑑 𝑔 −𝐾𝑖

The optimal day fines maximize 𝑊̃ 𝐷(𝑓𝑅, 𝑓𝑃 ) subject to the incentive compatibility constraint in (A.10) below and 𝑔𝑖 ∈ [0, 1].
he latter constraint is not binding for ℎ ≤ 1 − 𝑘𝑅 < 1 − 𝑘𝑃 , which we assume, and hence the optimal day fines lead to deterrence
̃𝐷𝑖 = ℎ + 𝑘𝑖 with 𝑔̃𝐷𝑅 > 𝑔̃𝐷𝑃 .38 Notice that, differently from the basic model, the optimal level of deterrence is larger for the rich.
Optimal deterrence requires the imposition of a fine 𝑓𝐷

𝑖 such that
𝑔̃𝐷𝑅 = 𝑣

(

𝑤𝑅
)

− 𝑣
(

𝑤𝑅 − 𝑞𝑓𝐷
𝑅 − (1 − 𝑞) 𝑓𝐷

𝑃
)

𝑔̃𝐷𝑃 = 𝑣
(

𝑤𝑃
)

− 𝑣
(

𝑤𝑃 − 𝑓𝐷
𝑃
) (A.10)

The implication, as before, is that the fine for the rich is greater than the fine for the poor, 𝑓𝐷
𝑅 > 𝑓𝐷

𝑃 , and, due to the variable
osts 𝑘𝑖, both fines are greater than the first-best fines, 𝑓𝐷

𝑖 > 𝑓 ∗
𝑖 . The probability 1 − 𝑞 that the rich are wrongly considered poor —

and hence end up paying the lower fine designed for the poor — further increases the optimal fine for the rich to restore deterrence.
Three immediate results follow from the concavity of the utility function: first, as before, when the harm from crime increases, both
fines increase and further diverge from each other; second, as the variable cost of wealth verification for the rich becomes larger,
that is, as 𝑘𝑅 increases, 𝑓𝐷

𝑅 increases, and fines further diverge from each other; third, similarly, as errors in labeling the rich become
more frequent, that is, as 𝑞 decreases, 𝑓𝐷

𝑅 increases, and fines further diverge from each other. The following lemma formalizes these
esults and can be compared to Lemma 1 (in which we had 𝑘𝑅 = 𝑘𝑃 = 𝑘 and 𝑞 = 1).

Lemma A.3. When individuals are solvent, the optimal day fines are such that the fine for the rich is greater than the fine for the poor
(𝑓𝐷

𝑅 > 𝑓𝐷
𝑃 ) and both fines are greater than the first-best fines (𝑓𝐷

𝑖 > 𝑓 ∗
𝑖 ). The optimal level of deterrence is higher for the rich than for the

poor 𝑔̃𝐷𝑅 > 𝑔̃𝐷𝑃 . As ℎ increases, the optimal fines increase and diverge. As the variable cost of wealth verification for the rich, 𝑘𝑅, increases
r the probability of misidentifying the rich, 1 − 𝑞, increases, the optimal fine for the rich increases, further diverging from that for the poor.

Proof. See the text. □
We can now consider the optimal choice between uniform and day fines. First, it is easy to verify that the results on deterrence

presented in Propositions 1 and 2 can be extended to the present case. Then we examine how the new parameters (𝑘𝑖 and 𝐾𝑖) affect
the difference between the welfare resulting from the optimal application of day fines and the welfare obtained by the optimal
implementation of a uniform fine. (The parameter 𝑞 does not affect welfare). The welfare difference can be now written as:

𝛥𝑊̃ = 𝑊̃ 𝐷 −𝑊 𝑈 =
∑

𝑖∈{𝑅,𝑃 }
𝜇𝑖 ∫

𝑔𝑈𝑖

ℎ+𝑘𝑖
(𝑔 − ℎ) 𝑑 𝑔 − 𝑘𝑖

(

1 − ℎ − 𝑘𝑖
)

−𝐾𝑖 (A.11)

Following the same steps as in the proof of Proposition 3, it is easy to show that day fines are less desirable as the fixed and
ariable costs of wealth verification increase. This implies that even if a country is relatively efficient at determining the wealth of
he poor (with moderate 𝑘𝑃 and 𝐾𝑃 ) inefficiencies in determining the wealth of the rich (with large 𝑘𝑅 and 𝐾𝑅) make day fines

become less attractive compared to uniform fines.

38 The solution is unique and internal. First and second order conditions are analogous to the ones in the first best. If we allowed ℎ > 1 −𝑘𝑖 then the constraint
would bind and we would have full deterrence 𝑔̃𝐷 = 1 for at least one group of individuals.
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Table A.1
Adoption of day fines in 196 countries.
Source: Own elaboration on publicly available data.

Day fines No day fines

Angola (2019) Afghanistan Haiti Nigeria*
Austria (1975) Albania Holy See North Korea
Benin Algeria Iceland Oman
Bolivia (1972) Andorra India* Pakistan*
Bosnia and Herzegovina Antigua and Barbuda* Indonesia Palau
Brazil (1969) Argentina Iran Papua New Guinea*
Cape Verde Armenia Iraq Philippines
Chad Australia* Ireland* Qatar
Costa Rica (1971) Azerbaijan Israel* Rwanda
Croatia (1997) Bahamas* Italy Saint Christopher and Nevis
Czech Republic (2003) Bahrain* Ivory Coast Saint Lucia*
Denmark (1930) Bangladesh* Jamaica* Saint Vincent and the Grenadines*
East Timor (2009) Barbados* Japan Samoa*
El Salvador (1973) Belarus Jordan Saudi Arabia*
Finland (1921) Belgium Kazakhstan Senegal
France (1983) Belize* Kenya* Seychelles
Germany (1975) Bhutan* Kiribati Sierra Leone*
Greece (2019) Botswana* Kosovo Singapore*
Guinea Brunei Kuwait Slovak Republic
Guinea-Bissau Bulgaria Kyrgyzstan Solomon Islands*
Honduras (2018) Burkina Faso Laos Somalia
Hungary (1978) Burundi Latvia South Africa*
Liechtenstein (1988) Cambodia Lebanon South Korea
Macau Cameroon Lesotho* South Sudan
Macedonia Canada* Liberia* Sri Lanka*
Mexico Central African Republic Libya Sudan*
Mozambique Chile Lithuania Suriname
Norway China Luxembourg Syria
Panama (1973) Colombia Madagascar Taiwan
Paraguay Comoros Malawi* Tajikistan
Peru (1924) Cuba Malaysia* Tanzania*
Poland (1997) Cyprus* Maldives* Thailand*
Portugal (1983) Dem. Rep. of Congo Mali Tonga*
Romania (2014) Djibouti Malta Trinidad and Tobago*
Russia Dominica* Marshall Islands Tunisia
San Marino Dominican Republic Mauritania Turkey
Sao Tome and Principe Ecuador Mauritius Turkmenistan
Serbia Egypt Micronesia* Tuvalu
Slovenia (1994) Equatorial Guinea Moldova Uganda*
Spain (1995) Eritrea Monaco Ukraine
Sweden (1931) Estonia Mongolia United Arab Emirates*
Switzerland (2007) Eswatini* Montenegro United Kingdom*
Togo Ethiopia Morocco United States*

Fiji* Myanmar Uruguay
Gabon Namibia* Uzbekistan
Gambia* Nauru Vanuatu*
Georgia Nepal* Venezuela
Ghana* Netherlands Vietnam
Grenada* New Zealand* Yemen
Guatamala Nicaragua Zambia*
Guyana* Niger Zimbabwe*

Total: 43 Total: 153

Adoption date in brackets when available. The asterisk indicates common law countries as classified in La Porta
et al. (2008).

Proposition A.4. Day fines become more desirable than a uniform fine if:
1. The costs of wealth verification, 𝑘𝑖 and 𝐾𝑖, decrease;
2. The harm from crime, ℎ, increases;
3. The inequality of wealth, 𝛥𝑤, increases.

Proof. Omitted. □

A.6. Use of day fines in 196 countries

See Table A.1.
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Data availability

Data will be made available on request.
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