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Abstract
PRELIMINARY AND INCOMPLETE
Progressive personal income taxes imply that individuals with fluctuating incomes will pay more taxes over time than individuals with
constant incomes of the same average value. The implicit tax penalty
violates the principles of horizontal and vertical equity and may also
harm eﬃciency by discouraging risk-taking activities, such as entrepreneurship. The aim of this paper is to estimate the average size of
the tax penalties in Canada using longitudinal data. The results are
presented by income groups and separately for unincorporated and incorporated self-employment and wage/salary employment. A further
analysis shows the contributions of the two sources of the tax penalty:
the size of income volatility and the shape of the schedule of eﬀective marginal tax rates. The paper then shows the eﬀect that various
income averaging policies would have on the size of the tax penalties.

1

1

Introduction

Under progressive taxation with annual accounting periods, a person with an
income that fluctuates from year to year will bear a higher tax burden than a
person with a steady income of the same average value. This occurs because
a positive income shock can push the taxpayer into a higher marginal tax
bracket. The problem confronted by taxpayers with fluctuating incomes is
compounded by other features of tax systems, such as the expiration of unused basic personal amounts, imperfect loss oﬀsets, and taxing capital gains
on a realization basis. Economists have long recognized that the implicit
penalty on unstable incomes violates the principle of horizontal equity. As
noted by Vickrey (1947: 166), “Particularly if the fluctuations occur over
a relatively short period of time, it is probable that the ability to pay of
the individual with fluctuating income is likely no greater than that of the
individual with steady income.” He also expressed concern about discriminating against risk-taking: “[T]here are many who consider the willingness
of individuals to risk their capital in this way to be a prime prerequisite to
technological and economic progress” (p. 167).
To address these issues, governments over the years have adopted various
income averaging methods. These are provisions in the tax code whereby the
assessments of tax liabilities are modified by permitting taxpayers smooth
their incomes based on past or future income levels. However, with the
reduction in the number of tax brackets in many countries in the 1980s, the
tax penalty issue diminished in importance and income averaging methods
were dropped, e.g., in the United States in 1984 and Canada in 1988. In
Canada, there were 17 federal tax brackets with marginal tax rates ranging
from 11 to 80 percent in 1971, whereas today there are but four federal tax
brackets, with rates from 15 to 29 percent.1 At the same time, however, the
documented increases in income volatility during the past three decades may
1

The federal budget of June 18, 1971 introduced major forms of income averaging as
part of a comprehensive tax reform in Canada.
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have aggravated the problem. Furthermore, Batchelder (2003) pointed to the
vertical inequity that arises from the fact that the incomes of disadvantaged
individuals fluctuate far more than the incomes of more aﬄuent individuals.
The purpose of this paper is to quantify the magnitude of the tax penalty in
Canada from 1993 to 2010 and to re-examine the issue of income averaging.
Numerous authors have illustrated the “fluctuation penalty” using simple
numerical examples of hypothetical income profiles.2 Salyzyn (1984), for
example, calculated the tax implications of a rising schedule of marginal tax
rates with an arbitrary six-year stream of uneven incomes. He compared
the taxpayer’s total burden with the outcome that would be achieved under
alternative income averaging schemes. Yet, little is known about the actual
sizes of the tax penalties people pay, since the magnitudes will depend on
the empirical distributions of individuals’ incomes. Furthermore, the net
personal income tax liability depends not only on the statutory tax rates, but
also on allowable deductions or tax credits. We use longitudinal data and
a tax simulator to compare the tax burden faced by actual individuals with
the tax burden they would have faced had their observed average real income
been equally distributed over the years.3 We examine how the tax penalties
vary quantitatively over the income spectrum and across broad classifications
of diﬀerentially risky occupational choices. Finally, we undertake counterfactual tax simulations to evaluate the eﬀect that several previously existing
or proposed income averaging methods would have in the current fiscal and
economic environment. Specifically, we consider block averaging, the general
averaging formula, and the marginal rate change technique first proposed
2

The term “fluctuation penalty” appears to originate with Schmalbeck (1984). We will
use that expression and “tax penalty” interchangeably.
3
There appears to exist only one previous study of the fluctuation penalty using panel
data. Batchelder (2003) used the Panel Survey on Income Dynamics (PSID) for the period
1968-1992 and proposed a reform to the structure of the Earned Income Tax Credit in the
United States, as well as a provision to permit carrying back basic deductions, to reduce
the fluctuation penalty on low-income households. Batchelder’s study draws attention to
the vertical equity aspects of the fluctuation penalty.
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by Holt (1949). The results of our analysis provide factual evidence that
is relevant to the policy debates on the equity and risk-taking dimensions
of progressive taxation and income averaging. Calls for reinstating income
averaging in the federal tax code include Batchelder (2010) in the United
States and Mintz and Wilson (2002) in Canada.4
The data consists of five overlapping panels of large samples of Canadian
workers spanning from 1993 to 2010. We provide estimates of the average
values of income volatility, eﬀective marginal personal income tax rates, and
the personal income tax fluctuation penalties for individuals in the labour
force in each panel. Our baseline calculations of tax burdens are aﬀected not
only by the statutory federal and provincial personal income marginal tax
rates, but also by surtaxes and the standard deductions and tax credits, taxassisted retirement savings plans, and claw-backs on social insurance benefits.
We then classify individuals as employed in a wage/salary job, unincorporated self-employed, or incorporated self-employed. The focus on wage/salary
employment versus self-employment is interesting because some forms of selfemployment are regarded as entrepreneurial. Successful entrepreneurs often
create jobs and technological advances. The question as to whether progressive marginal tax rates discourage self-employment is therefore an important
policy issue, as suggested above in Vickrey’s second remark.5 The further distinction between unincorporated and incorporated self-employed workers is
motivated by the observation of Larochelle-Côté and Uppal (2011), that the
cross-sectional variance of incorporated self-employment income is roughly
halfway between the wage/salary group and unincorporated self-employment
income. The tax treatment of capital gains is especially relevant for the incorporated self-employed, who may accumulate value in their businesses over
many years before selling their equity. Indeed, the desire to moderate the
4

The lessons from our analysis are also applicable elsewhere. Only very limited forms
of income averaging exist in various OECD countries.
5
See Schuetze and Bruce (2004) for a survey of the literature on the interplay between
tax policy and entrepreneurial activities.
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impact of progressive tax rates on realized capital gains was a factor in the
setting of preferentially low tax rates on capital gains (Pechman, 1977: 117).
The analysis is related to several strands of literature. The first is the
recent empirical work on changes in income volatility. Even with no changes
to the tax code, the tax penalty would generally rise with volatility. The
second strand is the estimation of the incentive eﬀects of progressive taxes
on self-employment, since the self-employed are known to have relatively unstable incomes. A third strand addresses whether income averaging schemes
are practical and justifiable on equity or eﬃciency grounds. We discuss these
topics below.
The remainder of the paper is organized as follows. Section 2 provides a
review of the related literature. Section 3 provides a conceptual framework
for estimating the sizes of the tax penalties. Section 4 describes the data
and the procedures used to calculate income volatility and the tax penalties.
Section 5 presents the results on income volatility, eﬀective marginal tax
rates, and the sizes of tax penalties on observed income fluctuations. Section
6 discusses alternative income averaging schemes. Section 7 reports on the
simulation results of income averaging. Section 8 concludes. Appendix A
provides supplementary tables to accompany the graphs reported in the main
body of the paper. Appendix B provides a robustness check on the accuracy
of the tax simulations.

2
2.1

Literature Review
Rising Income Volatility

The average size of the year-to-year variation in earnings for individuals can
be measured by the transitory component of the total variance of longitudinal
earnings in a population of workers. Estimates by Moﬃtt and Gottschalk
(2012) showed a marked increase in the transitory component of the variance
of male earnings in the United States during the 1970s and 1980s and its
5

continued high level through to 2004. These results are corroborated by
other studies using various empirical approaches, including Gottschalk and
Moﬃtt (1994, 2006) and Shin and Solon (2010). Haider (2001) also noted
that earnings instability is strongly counter-cyclical. Hacker (2004) found
that the year-to-year variation in family incomes more than doubled between
1974 and 1998. These observations have motivated renewed calls for income
averaging in the United States (see, e.g., Batchelder, 2010). For Canada,
Baker and Solon (2003) also found increases in the transitory variance of
earnings over the period 1976-1992, while Ostrovsky (2010) found that the
increases in the transitory variance contributed to rising inequality in the
1990s and into the 2000s. Beach et al. (2010) examined rolling windows
of data from 1982-2006 to observe a decline in the transitory variance for
men and women in the late 1980s, but a resurgence in the late 1990s; the
transitory variance for men in the 2002-06 period was higher than in 198286. Moreover, they found that earnings instability is largest for younger
workers. Using the same technique but a a diﬀerent data set for Canada,
Garcia-Medina and Wen (2014) obtained similar results as Beach et al. but
for family incomes. Other things held equal, the increased fluctuation of
incomes since the elimination of income averaging in the United States and
Canada in the 1980s can be expected to aggravate the tax penalty from
progressive taxation.

2.2

Success Tax on Self-Employment

Gentry and Hubbard (2000, 2005) referred to the tax penalty, arising from
the application of progressive marginal tax rates to the uncertain incomes of
entrepreneurs, as a “success tax” and they estimated that it has a substantial deterrent eﬀect on self-employment in the United States. They used a
proxy for the tax penalty, equal to the diﬀerence in marginal tax rates for a
hypothetical doubling and halving of the observed income of a self-employed
person in the data. Wen and Gordon (2014) estimated the tax penalty on
6

self-employment income using the mean and variance from cross-sectionally
estimated earnings equations for self-employed workers in Canada. A tax
simulator was used to calculate the fluctuation penalty for each individual in
the sample, based on repeated draws from the fitted earnings equation, conditional on the observed characteristics of each individual. The tax penalty
was found to have a statistically significant, but economically modest, negative eﬀect on self-employment rates in Canada. In that study, we showed that
a meaningful way to normalize the size of the tax penalty is by expressing
it as a proportion of an individual’s disposable income. We referred to this
construct as “tax convexity” and it is one of the measures of the fluctuation
penalty reported in the current paper. However, here we compute directly
the fluctuation penalty of each individual using the intertemporal dimension
of panel data. These studies suggest that the fluctuation penalty has adverse
incentive eﬀects toward risky occupations.

2.3

Income Averaging Experiences

An older literature addresses whether income averaging schemes are practical
and eﬀective. Many averaging methods have been tried by various governments and still more have been proposed. Section 5 will provide more details
on the mechanics of standard income averaging methods. The general purpose of income averaging is to make the tax assessment period correspond
more closely to the economic planning horizon of taxpayers, rather than
an arbitrary annual period.6 Suggestions of three- to five-year horizons are
generally believed to be adequate for this purpose.7 The United States intro6

If taxpayers have perfect foresight and perfect recall, and can borrow and lend in
eﬃcient capital markets, then taxation based on lifetime income is sensible. Vickrey
(1947) proposed a cumulative averaging method by which the tax burden is unaﬀected
by the way lifetime income is allocated across years, but no government has attempted
to implement it. In contrast, annual accounting provides the most accurate measure of
equity only if individuals are severely credit constrained and can take only one year of
income into account in making economic decisions.
7
Hacker (2004) noted that transitory income shocks tend to dissipate in three years.
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duced general income averaging in 1964 and increased the amount of income
that could be averaged in 1969. This was a backward-looking averaging
scheme that applied to all types and sources of income, but it was restricted
to apply only to taxpayers who experienced increases in income. The income averaging law was repealed in the 1986 Tax Reform Act, which also
greatly flattened the tax schedule.8 In Canada, block averaging was available to farmers and fishermen beginning in 1950. A general income averaging
scheme, very similar to the policy in the United States, was introduced in
1972, along with forward averaging by the purchase of an income-averaging
annuity contract (IAAC).9 The forward-averaging policy was discontinued in
1982, while general income averaging and block averaging were eliminated in
1988, at the same time as the number of tax brackets was collapsed from 10
to three (but increased later to four).
Davies (1977) was critical of the general income averaging provision used
in practice in Canada. Based on various hypothetical one-time increases of
a taxpayer’s income in the final year of the period 1971-1975, he inferred
that averaging was rather ineﬀective at reducing tax liabilities relative to
taxing five-year moving averages of income.10 Furthermore, averaging reduced marginal tax rates by less than 1.6 percentage points in most scenarios, militating against any serious eﬃciency argument for the policy. Davies
also regarded the existing averaging provisions as being exceedingly complex,
with taxpayers receiving post-filing tax rebates that they neither expected
nor understood. He advocated a simple moving average of income as the
base for taxation. Schmalbeck (1984) criticized the U.S. version of general
8

The government’s decision to suppress income averaging was also motivated by the
need for more tax revenues to cope with the large federal deficit (Baltinger, 2003).
9
A taxpayer claims a tax deduction for the purchase price of an IAAC and pays tax later
as future payments from the annuity are received. In eﬀect, the IAAC enables taxpayers
to spread out over a number of years the taxation of certain types of irregular incomes
that might otherwise push a taxpayer into a higher tax bracket.
10
Davies (1977: 170) found that averaging did “not provide benefits for one-time increases in income of 20 percent over constant incomes and for continuing increases in
income of less than 11 percent.”
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income averaging because of its lack of uniformity in reducing the fluctuation
penalty, and hence contributing to horizontal inequity, due to deliberate limitations imposed in legislation. In particular, he argued that Congress made
it diﬃcult to achieve eligibility for averaging early in a person’s career and
disallowed averaging in years when income declines. Schmalbeck was sympathetic to an outright repeal of the income averaging provisions. Forward
averaging via the IAAC in Canada was also perceived to have drawbacks.
It benefited predominantly high-income taxpayers. In 1979, tax filers with
incomes over $50,000 accounted for 87 per cent of all IAAC deductions made
in that year (Ministry of Finance, 1981).
These studies warrant further eﬀorts at gauging the potential benefit of
reintroducing less restrictive income averaging methods into the present tax
code.

3

Conceptual Framework

The concept of the fluctuation penalty and its estimation warrants further
discussion. Suppose each individual’s annual income is a random variable
that follows a distribution  (;  ), where  is an individual’s income,  
   is an ability parameter and      is a parameter indexing other
determinants of income, such as demographic characteristics and attitides
toward risk. The ability parameter will allow us to address issues of vertical
equity, while the demographics or taste parameter is relevant for issues of
horizontal equity. For example,  may represent factors that influence the
occupational preferences of an individual between jobs requiring the same
skill.
Suppose that the conditional mean and variance of an individual’s income
are given by (;  ) and  (;  ). An individual’s personal income distribution interacts with the income tax schedule, denoted by ( ), where  is
the income of a taxfiler. The tax schedule induces a frequency distribution
9

for the tax liability  (;  ) of an individual, given his or her characteristics { }. The conditional expected value of an individual’s tax liability is
[ (;  )].
The concept of the fluctuation penalty  ( ) is founded on the diﬀerence
in dollars between the expected tax liability and the tax liability evaluated
at the expected income of the individual; that is,  ( ) = [ (;  )] −
 [(;  )]. This diﬀerence represents the numerator of any measure of the
fluctuation penalty. It will be positive for any individual with a positive
income variance when the tax schedule is convex, that is with the derivatives
 0 ( )  0 and  00 ( )  0. The two measures of the fluctuation penalty
that we will examine empirically are the percentage increase in tax relative
to constant income,  ( ) [(;  )]; and the tax convexity measure of
Wen and Gordon (2014), given by  ( ) ((;  ) −  [(;  )]).
Horizontal equity can be interpreted in this context as requiring that the
tax penalty, for a given ability level , not vary with the characteristics .
If, at any given skill level, the choice between diﬀerentially risk occupational
choices are determined by  for given a tax schedule, then horizontal equity
requires that  ( 0 ) =  ( 00 ) for any 0 6= 00 . We can check statistically
whether the fluctuation penalty is similar or diﬀerent across broad occupational categories to assess horizontal equity. Furthermore, vertical equity
can be interpreted as requiring that the tax penalty not be decreasing with
ability, i.e.,  (0  ) ≤  (00  ) for any 0  00 .
The average value of the tax penalty over an interval of ability (0  00 ) is
R 00
given by  () = 0  ( )(), where () is the density function for 
(where we assume that  and  are independent). If (0  00 ) gives the entire
domain of ability, then  () can be interpreted as the average tax penalty
across all income (ability) groups. If (0  00 ) represents a small interval in
the domain of ability, then  () is the average tax penalty in an income
(ability) “bin.” Comparing  () across income bins indicates how the tax
penalty varies with income (ability), which indicates the degree of vertical
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equity or inequity cause by the fluctuation penalty.
Our reported measures of the average tax penalty are estimates of  ( )
and  (). We obtain  ( ) by estimating [ (;  )] and  [(;  )]
in each case with six years of income data. That is, [ (;  )] is estiP
mated by 6=1  ( ;  )6 using the results of the tax and credit simulator
when applied to an individual’s observed income in each year  that he or
she is in a panel, while the mean income of an individual is estimated as
P6
=1  ( )6. The estimate of the numerator of any tax penalty is therefore
£P6
¤
P
(
)6
. We have abstracted
given by b( ) = 61  (;  )6 − 
1
from price inflation in describing the conceptual framework. Below we will
explain how we deal with inflation.

4
4.1

Data and Procedures
Data

We use confidential files of the Survey of Labour and Income Dynamics
(SLID) collected annually by Statistics Canada. The survey has six-year overlapping panels, and interviews 15,000 households from 10 Canadian provinces
excluding Indian reserves. Each household is interviewed for six consecutive
years. Every three years a new sample of households is surveyed, making two
panels overlap for three years. The panels commenced in 1993, 1996, 1999,
2002, 2005 and 2008. The panel that began in 2008 is incomplete (covering
only four years) and hence we exclude it from our study. For brevity, we will
label the five panels that we use as panels 1, 2, 3, 4, and 5.
The data include detailed information on the respondent’s personal tax
and income transfers and a rich set of individual and family socio-economic
characteristics. Our sample consists of about 75,000 individuals who, over the
years they are present in the panel, report never being out of the labour force
(though they may have spells of unemployment) and have annual average
incomes above $8,000 (in constant 2012 dollars). The restriction to incomes
11

over $8,000 is intended to exclude individuals with marginal presences in the
labour market. The $8,000 threshold is arbitrary, but roughly matches the
earnings of an individual earning a legislated minimum wage for 20 hours per
week for 40 weeks per year. Since our objective is to estimate the fluctuation
penalty, we also drop individuals who are not present for at least five of the
six years of a panel. Total income is defined as the sum of labour market
earnings, capital gains and investment income, alimony and other income,
including social insurance benefits from the Canada/Quebec Pension Plan
and Employment Insurance. Income information for the main earner’s spouse
and the number of dependent children are not directly reported in the SLID,
but can be reasonably inferred from other variables.11 The spousal income
and dependents variables are used to determine eligibility for various income
tax credits. The designation of unincorporated self-employed workers and
incorporated self-employed workers is based on a self-identification variable
in the SLID.
Table 1 reports the summary statistics for the five panels.
TABLE 1 HERE

4.2

Procedures

In order to estimate the sizes of the fluctuation penalties, we first calculate
the tax liabilities of each individual in the counter-factual case in which they
receive a constant stream of real income. To do this, each source of the
incomes observed for every individual through their years in the panel are
converted to 2012 dollars using the Consumer Price Index (CPI) and then
averaged. Once the individual’s average real income is obtained, it is put
back into nominal (i.e. current dollar) terms for each year in the panel, in
order to calculate their annual nominal tax liabilities in the relevant years
using the Canadian Tax and Credit Simulator (CTaCS) (Milligan, 2012).
11

The SLID reports the family income and the number of earners in the family.
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The tax simulator takes into account the special tax treatments of capital
gains and dividends. However, as the SLID data combines interest income
and dividends into the single variable, investment income, the portion of this
that is attributed to dividends is approximated by an allocation rule based
on aggregate Canadian data on interest income and dividends for various
income bins.12 Eligibility for certain tax credits are calculated by CTaCS,
using the information on spousal income and number of dependent children.
The objective is to compare the tax liabilities corresponding to constant
real income with the tax liabilities determined by CTaCS for the individuals’
actually observed nominal incomes. While the data in the SLID contains the
net taxes actually paid by each person, CTaCS is used to calculate the tax
liabilities for the observed incomes so that any missing tax-relevant information for an individual will tend to have a neutral consequence for the size of
the tax penalty. As a check on the accuracy of our calculations from the tax
simulator, we use linear regression analysis to compare the computed and
actual taxes paid by individuals. The results are provided in Appendix B.
RRSPs A dilemma that must be confronted in estimating the size of the
fluctuation penalty is the treatment of Registered Retirement Savings Plans
(RRSPs). These are registered personal savings and investment accounts
that allow individuals to defer taxes by deducting the current year’s contributions from taxable income and paying taxes only upon the withdrawal of
the funds in the future. Although the program is intended mainly to promote saving for retirement, RRSPs also enable taxpayers to smooth their
intertemporal profile of tax liabilities. This is because the Canadian system permits individuals to access their RRSP savings at any time without
12

The data is from Statistics Canada’s Taxable Returns: Interim Statistics (Table 2A
or 3A, various years). We aggregate the income intervals into two broad classifications:
income above or below $50,000. Within each income category, we calculate the share of
dividends as a proportion of the sum of dividends, interest income, and net rental income
for individuals.
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penalty.13 RRSPs can serve as a tax planning device, particularly for selfemployed individuals. The dilemma with respect to including or excluding
RRSP contributions in the tax simulations is that we typically do not observe
a taxpayer’s corresponding withdrawal of RRSP savings in a six-year long
panel. If the longitudinal dimension of the data spanned the entire lifetime of
each taxpayer, it clearly would be appropriate to take into account the contributions and withdrawals, in order to determine the eﬀect of tax-assisted
savings on lifetime tax burdens. But in a short panel, such as the SLID,
substracting contributions, without necessarily observing the corresponding
subsequent withdrawals, leads to an underestimate of the eﬀective tax burden faced by RRSP contributors. Indeed, if a taxpayer’s marginal tax rate
in the future is the same as the tax rate at the time of contribution, then the
present value of the tax paid on withdrawals is equal to the tax saving on contributions. Our baseline estimates of the fluctuation penalty includes RRSP
contributions from the tax calculations, as do the simulations of income averaging policies in Section 6. The SLID data includes RRSP withdrawals but it
does not report individual contributions to RRSPs. We have estimated each
individual’s RRSP contribution using a Statistics Canada study by Akyeampong (1999). It shows the average annual contribution to RRSPs by income
categories, separately for self-employed and wage/salary employed workers.14
Using these figures, we impute an RRSP contribution for each person in the
data set.
In Appendix C we show the resulting flucutation penalties when RRSP
contributions are not deducted in the determination of taxable income.
13

In contrast, in United States funds withdrawn from 401(k) plans prior to retirement
are subject to penalties of up to 10 percent.
14
We use the following income bins for assigning RRSP contributions:
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5

Estimates of Income Volatility and Tax Penalties

Since the sizes of fluctuation penalties are determined by the interaction of
income volatility and the shape of the eﬀective marginal tax rate schedule,
we begin by examining income volatility for selected income ranges and occupational status, for each panel. We then present the average values of the
eﬀective marginal tax rates of individuals in the panels. After discussing
these determinants of the tax penalties, we turn to the penalties themselves.
5.0.1

Income Volatility

The measure of an individual’s short-term income income volatility is the
coeﬃcient of variation–i.e., the ratio of the standard deviation to the mean–
of annual real income over the six (or five) years the person is in a panel.15 It
can be interpreted loosely as the percentage by which an individual’s income
deviates from its average over the period. Figure 1 represents changes in the
volatility of real income across panels, as measured by the panel-averages of
the coeﬃcient of variation of individual real incomes around their longitudinal
means. The coeﬃcient of variation is almost constant across the panels at a
value close to 20. Therefore, if the tax penalties have changed between the
periods 1993-98 and 2005-10, it is likely to be due to changes in the shapes
of the eﬀective marginal tax rate schedules, rather than because of changes
in income volatility.
FIGURE 1 HERE
Figure 2 shows the average values, across all the panels, of income volatility disaggregated by income ranges.16 The figure shows quite strikingly that
15

See, e.g., See Dynan et al. (2012) and Baltinger (2003). This approach is an alternative
to decomposing the total variance into transitory and permanent components.
16
All of the reported averages across panels are simple averages, that is, unweighted by
the relative sizes of each panel.
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high income volatility is concentrated at both the lower and the upper tails of
the income distribution. The annual income of an individual varies about 30
percent from average over a six-year period for individuals earning less than
$30,000 (but at least $8,000) per year (in 2012 dollars) and for individuals
earning more than $120,000 per year, which is more than twice the variation
in the middle income group ($60,000 to $90,000). The high volatility in the
low income group is consistent with the observation in Garcia-Medina and
Wen (2014), that households headed by individuals with less than high school
education have the most unstable incomes. The top and bottom income
groups are therefore the most susceptible to potential fluctuation penalties.
FIGURE 2 HERE
Figure 3 turns to occupational choices. It shows the average income
volatility across panels, but disaggregated by type of employment: wage/salary,
incorporated self-employment, and unincorporated self-employment. As expected, income is much more volatile for self-employed workers, particularly
the unincorporated self-employed, than for wage/salary employees. This
makes the self-employed potentially vulnerable to fluctuation penalties.
FIGURE 3 HERE

5.0.2

Marginal Tax Rates

The fluctuation penalty depends not only on the volatility of income but
also on the shape of the eﬀective marginal tax schedule. More convex tax
schedules will tend to be associated with higher tax penalties. The statutory federal personal income tax rates in Canada are progressive over four
brackets. We summarize the rate structure for 2010, which is the final year
of the last complete panel in the SLID. The lowest federal personal income
16

tax rate in 2010 was 15 percent on income below $40,970; the highest rate
was 29 percent on income over $127,022. Each province imposes tax on personal income at varying rates. The average combined federal and provincial
statutory personal income tax rate was 45.08 percent in 2010 (Kerr et al.,
2012: Table 1.7). Tax relief is provided through non-refundable tax credits
for health costs, charitable donations, and for basic amounts for the taxpayer,
dependent spouse, and dependent children. CTaCS takes account of all of
the details of the personal income tax system in each year into account in
calculating the tax liability of a given individual. The statutory personal income tax rates are the same in 2015 as in 2010, although income tax brackets
are adjusted with inflation. Thus the eﬀective marginal personal income tax
schedule in 2015 is likely very similar to 2010. The eﬀective marginal tax
rates reported below are constructed from the average value of the marginal
tax rate, across the individuals in a panel, for each income bin.17
Figure 4 shows the eﬀective marginal tax rates across income bins only for
the panels 1 and 5, for the purpose of comparing the period 1993-98 with the
period 2005-2010. The average value of the eﬀective marginal tax rate across
all income levels declines from 53 percent in the 1993-1998 to 40 percent
in 2005-2010. Furthermore, the results for the other panels (not shown)
indicate that the decline in eﬀective marginal tax rates occurred steadily
over the five panels. As Figure 4 shows, the tax schedule is progressive in
all the panels. In the period 1993-98, the eﬀective marginal tax rate rises
from 29 percent for incomes under $30,000 to 64 percent for incomes above
$120,000 (in 2012 dollars).; in the period 2005-10, the tax rate rises from 19
percent on incomes below $30,000 to 44 percent on incomes above $120,000.
The substantial decline in eﬀective marginal tax rates between panels 1 and
5 are consistent with the reductions in the federal statutory personal income
tax rates, the elimination of surtaxes, and the inflation-indexation of tax
brackets and thresholds in 2000 and 2001. The lowest marginal tax rate was
17

In CTaCS the net personal income tax liability corresponds to the variable totbal.
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further lowered from 16 to 15 percent in 2005. In addition, the annual RRSP
contribution limit, which was $13,500 in 1996, was raised to $14,500 in 2003,
$15,500 in 2004 and $16,500 in 2005.
FIGURE 4 HERE

5.0.3

Fluctuation Penalties and Tax Convexity

The fluctuation penalties are defined as the diﬀerence in dollars between the
six-year total tax liabilities paid by individuals, when they are taxed on the
basis of their annual income, compared to what they would have paid in total,
if they had been taxed on the nominal dollar equivalents to their average real
income over the period.18 The penalties are expressed as proportions of either
the tax liability assessed at the individual’s average income or the taxpayer’s
disposable income (“tax convexity”).
Fluctuation Penalty as a Proportion of Tax Liability Figure 5 presents
a histogram for panel 5, showing the proportion of individuals at diﬀerent
sizes of the penalty, when it is expressed as a proportion of the tax liability.19
More than half the population of individuals face a tax penalty close to zero
in the period 2005-10. However, Figure 5 also shows a substantial proportion of individuals face non-negligible positive tax penalties. It is clear from
Figure 5 that there are also many individuals facing negative penalties, or in
other words, fluctuation bonuses. This can arise when the marginal tax rate
schedule falls over certain income ranges, as a result of the end of clawbacks
18

Some individuals are in a panel for five years and hence their total taxes are for five
years.
19
The tax penalties shown in the figures are conditional on being less than 50 percent,
as otherwise a few outliers dominate the histogram. This occurs because we are expressing
the tax penalty as a proportion of the tax liability of an individual when income is averaged
over the period. If this tax liability is close to zero, then the tax penalty expressed as a
proportion of the tax liability can be very large for a few individuals.
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on certain program benefits. In general, the dispersion in fluctuation penalties points to violations of the principle of horizontal equity in taxation. The
average value of the fluctuation penalty in panel 5 (conditional on a penalty
between -0.5 and +0.5) is 1.4 percent.
FIGURE 5 HERE
The bar chart in Figure 6 shows the average size of the fluctuation penalty
in each income bin across the income spectrum. Only the results for panel
1 (1993-98) and panel 5 (2005-10) are depicted. The fluctuation penalty can
be substantial for poorer individuals. Individuals earning less than $30,000
per year faced, in eﬀect, a surtax of 2.7 percent in the period 1993-98 and
1.9 percent in the period 2005-10, as a result of their volatile incomes. The
penalty rate is close to 2 percent in both panels for individuals earning between $30,000 and $60,000 per year, but it drops oﬀ substantially for the
groups above this income level. The average annual income in Canada was
about $45,000 in 2010. The average personal income tax rate–i.e. an individual’s tax liability divided by his or her income–evaluated at the average
industrial wage in Canada in 2010 was close to 15 percent (Torres et al.,
2012). A 2 percent fluctuation penalty eﬀectively raises the average tax rate
from 15 percent to 15.3 percent. However, the roughly 2 percent fluctuation
penalty in 2010 for incomes below $60,000 is based on an average of workers:
most of these individuals face almost no fluctuation penalty, while others
bear a much higher penalty rate. The findings in Figure 6 suggest that the
fluctuation penalty may be an important vertical equity concern. Both the
poor and the average earner are burdened signficiantly more than more aﬄuent individuals due to taxing volatilie incomes based on an annual accounting
period. For individuals with incomes above $120,000 the average fluctuation
penalty in panel 5 for this group of individuals is about 0.7 percent. Since
the average personal income tax rate is approximately 30 percent (Torres et
al., 2012), the fluctuation penalty raises the average tax rate from about 30
19

percent to 30.2 percent. Again, the average increase in tax burden appears
to be quite small, but it can be large for particular individuals within the
income bin.
FIGURE 6 HERE
Figure 7 provides bar charts showing the average size of the fluctuation
penalty separately for wage/salary employed workers, the incorporated selfemployed, and the unincorporated self-employed. It shows that the fluctuation penalty imposes substantially greater burden on on average selfemployed individuals than wage/salary workers. In panel 5, the fluctuation
penalty is about 1 percent for wage/salary workers, but near 3.5 percent for
self-employed individuals. This observation raises eﬃciency concerns. If individuals make an occupational choice between relatively risky self-employment
and regular employment partly on the basis of the expected pecuniary rewards, then the fluctuation penalty has the potential of discouraging some
self-employment. Furthermore, self-employed taxpayers may waste resources
spending spend time and eﬀort to change the natural timing of their income
receipts.
FIGURE 7 HERE

Tax Convexity TO BE COMPLETED

6

Income Averaging Methods

We quantify the tax liability impacts of three forms of income averaging:
the general averaging formula (GAF) and the block averaging method, both
essentially as practiced in Canada until 1988; and the adjusted marginal tax
20

rate method proposed by Holt (1949), which has attractive properties.20 We
begin with an explanation of the mechanics of each averaging policy.

6.1

General Income Averaging

General income averaging formulas base the current year’s taxable income
on a moving average of a given set of preceding years. In order to dispense
with minor tax adjustments, an income threshold for eligibility for averaging
is first established.21 To simplify the discussion, we shall take the income
threshold as being 120 percent of the moving average of the preceding four
years. Under that assumption, the averaging formula previously used in
Canada and adopted in our simulations can be written as
£
¤
 (   − ) =  (12 − ) + 5  (096 − + 02 ) −  (12 − )

(1)

where  is the current year’s net income,  − denotes the average net income
of the four years preceding year .  (   − ) is the payer’s federal tax liability
in year  given current income  , conditional on the past average  − , while
 () denotes the normal application of the tax schedule at an income level
of . The logic of the formula can be more easily understood as a case of the
more general formula analyzed by David et al. (1970):
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£
¤
 (   − ) =  ( − ) +  ×  ((1 − ) − +  ) −  ( − )

(2)

Other forms of income averaging have also been proposed, such as by Creedy (1979).
The threshold used in Canada until 1988 was defined as the greater of 110 per cent
of net income in the previous year and 120 percent of the average net income in the
previous four years. In addition, an inflation-indexed floor was placed on net income
in each previous year for the purpose of calculating the average. Net income is defined
as total income less deductions, including pension plan contributions, tuition fees, etc.
Further standard deductions for the taxpayer and eligible dependents defined taxable
income at the time that the income averaging formula was in use. These deductions have
since been replaced with tax credits. For new taxpayers, the minimum past income used
in the averaging was given by the sum of standard deductions. See Davies (1977) for more
details and for the formula (1).
21

21

In the general averaging formula (2),  ≥ 1 represents the threshold factor,
0 ≤  ≤ 1 is the weight given to current income, and  ≥ 0 is a scaling
factor.22
Let ∆ denote the diﬀerence between the weighted average income, (1 −
) − +  , and the threshold income,  − , and notice that ∆ = ( −
 − ). If ∆ is the corresponding diﬀerence in tax liabilities, then
¤
£
 ( −  − ) +  − −  ( − )
∆
≡
∆
( −  − )

(3)

is the average tax rate for the interval between the weighted average and the
threshold income levels. Thus (2) can be written as,
∆
× ( −  − )
∆
∆
=  ( − ) +  ×
× ( −  − )
∆

 (   − ) =  ( − ) +  ×

(4)
(5)

Thus the product  determines the degree to which the average tax rate
in the interval between the weighted average income and the threshold income applies to the wider interval between current income and the threshold.
Figure 8 illustrates the tax relief provided by the general income averaging
formula to an individual with fluctuation income.23 Without averaging the
individual would owe the amount  () but with income averaging the tax
liability is shown as the smaller amount,  . In the expression (5) and in
Figure 8, notice further that the distance between the current income,  ,
and the “boosted” average income, − , is being divided by ∆ to obtain
the number of “steps” between − and  . The amount of tax charged per
“step” in the general income averaging formula is ∆ . The larger is the
product  the steeper the line segment  of the tax function.
22

If the taxpayer’s basic deductions exceeded her net income, then the formula would
be, instead of (1), five times the tax liability on one-fifth of the taxfiler’s taxable income.
23
It is an adaptation of Figure 4 in David et al. (1970) to the Canadian context.
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FIGURE 8 HERE
David et al. (1970) show that , holding all else the same, will determine
whether the taxpayer can benefit from averaging when his or her net income
declines in year .24 Specifically, if  = 1, then tax savings occur whenever
current income  is associated with a diﬀerent tax bracket than the threshold
income  − . When  = 1 and   1, then all downward fluctuations
of income result in tax savings, while some upward movements of income
generate no tax savings. Returning to the formula used in Canada, given by
(1), it can be seen that  = 1, as it was also the case in the United States. In
our baseline simulations of general income averaging, we set  = 12,  = 1
and we average incomes over the previous four years, with no restriction to
the application of the formula for downward fluctuations of income or other
caveats in the tax law. We apply the formula in the sixth year of each panel.

6.2

Block Averaging

Block averaging allows taxpayers the option of recalculating their tax liabilities by prorating their income equally over a block of up to five consecutive
previous years. At the end of the block of years, any diﬀerence between
actual taxes paid on unaveraged incomes and those due on the recalculated
amount is adjusted by tax credits or refunds. Any number of years between
blocks can be left unaveraged, but once a new block is chosen the taxpayer
is bound to it. The block averaging method is simpler than the general averaging formula and allows for reductions in income. One drawback of the
approach is that it increases the number of tax year records that must be
kept by taxpayers. The Royal Commission on Taxation (Canada, 1966: 262263) proposed that the block averaging provision be extended from farmers
and fisherman to all resident taxpayers. In our calculations of the impacts
24

In the U.S. and Canada, the formula did not apply to decreases in income. We do not
impose this restriction in our simulations.
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of block averaging, we assume a five-year block ending in the sixth year of
each panel.25

6.3

Adjusted Marginal Tax Rates

Another method of income averaging is to determine the tax rates with reference to the taxpayer’s moving average of income, but applied to the current
year’s income. Holt (1949) proposed that a taxpayer’s liabiliy in the current
year be the sum of two components. First, the normal tax calculation applies
to the taxpayer’s moving average income. Second, the diﬀerence between actual and averaged income is taxed at the marginal rate that would normally
apply to the averaged income level. The total tax liability can be expressed
as,
(6)
 (    ) =  (  ) +  (  ) × ( −   )
where   denotes the five-year average income (including the current year’s
income) and  (  ) denotes the marginal tax rate at an income level equal
to   . Holt commented that by this method, “deviations of income above the
average are taxed at very nearly the same rate as is used in computing the
tax reductions when income deviates below the average” (Holt, 1949: 353).
Thus the approach directly addresses the source of the fluctuation penalty,
namely the eﬀect of rising marginal tax rates. We assume a five-year moving
average in our calculations of the impacts of this method and we applythe
adjusted marginal tax rates in the sixth year of each panel.
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Results of Income Averaging

Recall that income averaging provisions are always voluntary; that is, the
taxpayer has the option, but not the obligation, to use income averaging.
25

This calculation is very similar to the one used as a benchmark for calculating the
fluctuation penalty. However, here we allow for the eﬀects of inflation and we exclude
averaging in cases where it would increase the taxpayer’s liability.

24

Consequently, we assume that the taxfiler uses the income averaging provisions only when it is beneficial to them, making the minimum benefit from
averaging be zero. This is diﬀerent from the earlier analysis of the fluctuation penalty, when we did not restrict the penalty to being positive. Figure
9 shows the results of Block Averaging and the General Averaging Formula
(GAF) for panel 5 (2005-10). The calculation is for the year 2010. In the
case of Block Averaging, we take the previous five years as the “block” to
determine the taxpayer’s average past income. In the case of the General
Averaging Formula, we take the previous four years of income to form the
average. These choices correspond to the averaging provisions as they existed
in the 1980s. The GAF used in our calcuations is given by (1). The gain
from Block Averaging is quite large: just over 20 percent on average in every
income bin. This means that on average individuals paid about 20 percent
more in taxes than they would have if income averaging had been permitted
(with no restrictions). The General Averaging Formula has a much smaller
eﬀect. We see in Figure 9 that the GAF primarily benefits the lower income
group. Their tax burden would have been about 5 percent lower with the
GAF, assuming that these individuals would take advantage of the GAF provision. The highest income group would pay on average about 1 percent less
in taxes.

8

Conclusions

This paper has used longitudinal data to determine how much individuals
may be overtaxed as a result of the use of an annual accounting period for
assessing tax liabilities. When marginal tax rates are progressive, individuals
with fluctuating incomes bear more tax burden than individuals with steady
incomes of the same average value because positive income shocks may move
them into a higher tax bracket. Our results suggest that the fluctuation
penalty, while comparatively small on average, poses a disadvantage to in25

dividuals with incomes up to the national average. The fluctuation penalty
is most severe for the low income group, which exhibit relatively volatile incomes and who tend to be young and less educated. Another group with
incomes that tend to fluctuate year by year are self-employed individuals.
Income averaging may encourage self-employment and risk-taking activities
in general. It may also assist entrepreneurs in saving for retirement, as suggested by Mintz and Wilson (2002).
Canada, like the United States, abolished the policy of income averaging for tax purposes in the 1980s. This change occurred for three reasons.
First, critics of the policy argued that as a result of the design of the averaging formulas, income averaging failed in its purpose of providing tax
relief to individuals with volatile incomes. Second, marginal tax rates were
substantially reduced after the 1980s, thereby reducing the perceived problem. Third, the cost of administering and complying with income averaging
formulas was deemed to be unattractive.
Nevertheless, there are reasons to reconsider general income averaging
provisions in Canada. It has been documented that income volatility has
risen substantially since the 1980s. Furthermore, from the administrative
and compliance standpoints, income averaging is entirely mechanical, requiring no subjective interpretations of tax law. Today most taxpayers file their
taxes online using oﬀ-the-shelf tax software. Just as tax software stores a
taxpayer’s previous years’ tax information, such as depreciation on the capital assets of self-employed workers, the software easily could calculate the
income averaging formulas. Taxpayers could use the software to determine if
averaging is beneficial for them. Davies (1977) commented negatively on the
averaging formula as practiced in the 1970s, as follows: “the averaging provisions are exceedingly complex and are therefore typically done by Revenue
Canada after the individual files his normal return. Many taxpayers therefore
receive a subsequent rebate without expecting it or knowing anything about
the source of the benefit, which gives the refund a very gratuitous quality.”

26

This observation is much less pertinent in the present era of online tax filing
with tax software.
Dual income tax systems are another way to deal with taxing volatile
incomes. Finland, Denmark, Norway, and Sweden have adopted versions of
dual income tax systems, partly to reduce the tax levied on the irregular incomes of small businesses, such as realized capital gains. A dual income tax
imposes progressive marginal tax rates on labour income, but applies a low
flat tax rate on capital income and corporate income. A challenge for dual
income taxation is how to split the income from self-employment into the
contributions of labour and capital, since the working hours and productivity of self-employed individuals are unobserved by the tax authorities. The
allocation is done in practice by imputing a rate of return on the observed
business assets, categorizing this as capital income, and then treating the
residual profit as labour income (Sorensen, 2007). Income averaging can be
seen as an alternative approach to mitigating the tax penalty on fluctuating and irregular incomes, with the advantage of being based solely on total
income.
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Table 1
Incomes are in Constant 2012 Dollars

Mean

Standard
Deviation

Coefficient of
Variation

Panel 1 1993-1998
All Individuals Income

44656.82

41166.21

0.92

All Individuals Income Tax

9297.72

14416.97

1.55

Employed Worker Income

44518.82

32142.04

0.72

Employed Worker Income tax

9216.24

10742.81

1.17

58628.22

88903.32

1.52

Incorporated Self-Employed Income
Incorporated Self-Employed Income Tax

12825.98

31618.16

2.47

Unincorporated Self-Employed Income

37973.76

68925.37

1.82

Unincorporated Self-Employed Income Tax

8090.31

26309.20

3.25

All Individuals Income

48328.28

49200.20

1.02

All Individuals Income Tax

10120.90

18001.89

1.78

Employed Worker Income

48158.31

37607.76

0.78

Employed Worker Income tax

9907.06

12987.85

1.31

63264.07

120500.90

1.90

Incorporated Self-Employed Income
Incorporated Self-Employed Income Tax

15453.42

47179.29

3.05

Unincorporated Self-Employed Income

38960.72

65189.84

1.67

Unincorporated Self-Employed Income Tax

8481.66

24416.20

2.88

Incorporated Self-Employed Income

Panel 2 1996-2001

Incorporated Self-Employed Income

Panel 3 1999-2004
All Individuals Income

50045.83

75436.31

1.51

All Individuals Income Tax

9883.18

27558.16

2.79

Employed Worker Income

49937.69

68467.00

1.37

Employed Worker Income tax

9690.50

19927.51

2.06

Incorporated Self-Employed
Income

61508.34

154145.90

2.51

Incorporated Self-Employed
Income Incorporated SelfEmployed Income Tax

14192.16

84245.84

5.94

Unincorporated SelfEmployed Income

44498.78

69446.94

1.56

Unincorporated SelfEmployed Income Tax

9255.05

24126.71

2.61

All Individuals Income

53206.27

60300.25

1.13

All Individuals Income Tax

10208.48

20682.72

2.03

Employed Worker Income

52246.67

47110.25

0.90

Employed Worker Income tax

9788.24

16609.80

1.70

Incorporated Self-Employed
Income

79348.53

143844.60

1.81

Incorporated Self-Employed
Income Incorporated SelfEmployed Income Tax

17246.05

42422.76

2.46

Unincorporated SelfEmployed Income

47014.08

85375.33

1.82

Unincorporated SelfEmployed Income Tax

10211.69

33441.33

3.27

All Individuals Income

56492.64

81659.83

1.45

All Individuals Income Tax

10548.98

25144.30

2.38

Panel 4 2002-2007

Panel 5 2005-2010

Employed Worker Income

55681.50

73138.07

1.31

Employed Worker Income tax

10193.24

21533.83

2.11

Incorporated Self-Employed
Income

80066.61

147471.30

1.84

Incorporated Self-Employed
Income Incorporated SelfEmployed Income Tax

17163.88

51179.85

2.98

Unincorporated SelfEmployed Income

46338.94

88869.49

1.92

Unincorporated SelfEmployed Income Tax

9023.17

27809.57

3.08

Figure 1: Income Volatility by Panel
(Average Across Individuals)
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Figure 2: Income Volatility by Income Group
(Average Across Panels)
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Figure 3: Income Volatility for Types of Employment
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Figure 4: Effective Marginal Tax Rate
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Figure 5: Histogram of the Fluctuation Penalty for Panel 5 (2005-10)
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Figure 6: Fluctuation Penalty by Income Bin
for Panels 1 and 5
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Figure 7: Average Fluctuation Penalty by Occupation
for Panels 1 and 5
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Figure 8: Illustration of the General Income Averaging Formula
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Figure 9: Reduction in Tax from Income Averaging
in Panel 5 (2005-10)
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