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We examine the extent to which progressivity in the income tax and public pension systems
could complement one another. We demonstrate that there is a negative relationship between
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bution roles embedded in the progressive income tax code to a progressive pension system with
stricter means-testing rules can yield better overall welfare outcomes. Flattening the income tax
code (less tax progressivity) while tightening means-testing rules for pension payments (more
pension progressivity) indeed results in larger welfare gains. The optimal design consists of
a flat income tax rate and a strict means-tested pension scheme. Overall, redistributive con-
cerns should be addressed directly through more progressive transfers; meanwhile, reducing tax

progressivity is important for improving aggregate efficiency.
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1 Introduction

Progressive transfers and income taxes play an important role in enhancing a more equal distribution
of income and providing social insurance against income risks. Previous studies (e.g., Conesa and
Krueger 2006; Heathcote, Storesletten and Violante 2017) study the overall optimal progressivity
of combined transfers and taxes. Recent work by Ferriere et al. (2022) highlights the importance
of modeling government transfers explicitly when analysing the progressivity of labour income tax.
However, there are vast differences in design of government transfer programs across advanced
economies. An open question is how differences in design and institutional features of each transfer
program affect the insurance and redistribution roles of a progressive income tax system. In this
paper, we aim to fill this gap by studying the design of a joint progressive public pension and
personal income tax system.

Previous studies largely abstract from the complex design of a public pension system, which
is one of the largest government transfer programs. There exists a variety of pension designs
with differences in minimum access age, benefit formulae and tax financing. In the US and many
European countries, social security benefits are usually determined by a concave, increasing function
of work-life earnings and financed by a flat social security tax. Meanwhile, in Australia, Denmark
and the UK, pension benefits are means-tested and strictly restricted to retirees below specified
income thresholds. Australia is a notable example where income tax design is closely intertwined
with pension design as general tax revenues are used to finance the means-tested pension system.
The Australian fiscal policy settings provide a natural laboratory for examining to what extent the
progressivity in the tax and pension systems could complement each other.

We begin by providing a statistical description of the evolution of tax progressivity in Australia
for the period 1991-2019, using administrative tax data from the Australian Longitudinal Infor-
mation Files (ALife). We employ a progressivity index as per Suits (1977) to measure how the
distribution of tax and pension across the income distribution evolved during the period. We find
that the income tax system has become more progressive over the past 29 years in Australia, which
is different from the findings based on US data (e.g., Piketty and Saez 2007; Saez and Zucman
2019). Importantly, we highlight a distinction between the progressivity of the income tax code
only and the overall progressivity of the combined income tax and pension system.

In order to build economic intuitions, we first formulate a simple analytical model to study the
joint optimal design of means-tested pension and progressive income taxes. We show analytically
that optimal tax progressivity is negatively linked with pension progressivity. We next quantify
this relationship in a dynamic general equilibrium, small open economy model with overlapping
generations of heterogeneous households born with different innate earnings ability (skill types)
and facing idiosyncratic shocks to labor productivity. We discipline the model to match key macro
aggregates and life cycle patterns from Australia. We use the calibrated model to run a range of
counterfactual policy reforms and quantify the optimal levels of tax progressivity.

We find that conditioning on the current design of the means-tested pension system, reducing
tax progressivity results in efficiency gains in terms of higher output, aggregate labour supply and
savings. Utilitarian social welfare increases in aggregate as well as across all household types. A
proportional income tax code yields maximum utilitarian social welfare. Reducing tax progressivity
results in efficiency gains that subsequently leads to a lower reliance on the means-tested pension

system due to the means-testing rule. This finding is consistent with the findings that the opti-



mal income tax system should be less progressive in Conesa and Krueger (2006) and Heathcote,
Storesletten and Violante (2017).

In our framework, inclusion of means testing in pension benefit payments creates a new mech-
anism that automatically adjusts the progressivity of the public pension system when reducing the
redistributive and social insurance role of the progressive income tax system. This raises a question
whether the pension system should play a dominant role in providing social insurance. We investi-
gate this issue by considering changes in both tax and pension progressivity. We find that at low
levels of tax progressivity, it is indeed socially more desirable to increase pension progressivity. With
the optimal flat income tax code, we find that the optimal pension system has a strict means-test
(most progressive). Given that the pension system is funded by general tax revenue, making it more
targeted via a strict means-test lowers funding costs and reduces tax burdens. In our model econ-
omy, this means lower income tax rates. Thus, the welfare improvement from progressive pension
is largely due to lower income tax.

Finally, we examine the link between tax burdens and the pension system by varying the max-
imum level of pension benefits. Reducing benefit levels lowers tax burdens and improves welfare.
However, as the pension system becomes less generous, the social insurance that it provides be-
comes less adequate regardless of its progressivity. Consequently, when the pension benefit is lower
than the benchmark, the optimal income tax system is slightly more progressive (bestowing a small
social insurance role). Overall, the jointly optimal tax and pension systems have a less generous,
strictly means-tested pension and a considerably less progressive (but not completely flat) income
tax. These findings highlight that more generally, a redistributive tax and transfer system can be
improved by addressing redistribution concerns directly through more progressive transfers while
improving efficiency by reducing tax progressivity.

The paper is organized as follows. Section 2 includes our empirical analysis examining trends
in income tax and pension progressivity. Before setting out on our large scale model, in Section
3 we show the negative relationship between optimal tax progressivity and pension progressivity
using a simple two period model. Section 4 describes the features of the benchmark model central
to our analysis. Section 5 describes how the benchmark model is calibrated. Section 6 explains the
policy experiments and their results. Section 7 checks whether our results are sensitive to certain
model assumptions. We present detailed description of model and calibration, additional analysis

and results in the Appendices.

Related literature. This paper links to three branches within the macro and public finance
literature: (i) optimal income taxation, (i) optimal social security, and (¢iz) jointly optimal income
tax and social security. First, our paper is closely related to the branch of the optimal taxation
literature that searches for the optimal level of tax progressivity within a given parametric class
of tax scheme as per Ramsey (1927). The key papers in this branch include Ventura (1999),
Benabou (2002), Conesa and Krueger (2006), Krueger and Ludwig (2016), Heathcote, Storesletten
and Violante (2017) and Heathcote and Tsujiyama (2021). While they provide important insights on
tax progressivity, social security in general and the pension system are often simplified and not fully
considered. To the best of our knowledge, the link between optimal tax progressivity and optimal
pension progressivity has not been analysed. Recent work by Ferriere et al. (2022) highlights the

importance of modeling transfer systems explicitly. This paper contributes to that literature a new



analysis where the pension system is modeled.

Our paper is also connected to the literature studying the insurance and redistribution role of a
pension system in dynamic general equilibrium models. That literature often employs benchmark
models of the U.S. where pension coverage is universal, and effects from the extensive margin, i.e.,
pension participation, are not relevant (e.g. see Imrohoroglu, Imrohoroglu and Jones 1995). The
recent development examines the effects via the intensive margin arising due to means-testing (e.g.
see Sefton and van de Ven 2008 and Tran and Woodland 2014). These previous studies focus on the
role of a pension system, while taking the tax system as given. Our paper considers the combined
role of both tax and pension systems.

Closest to our paper in approach are those that examine the interplay between optimal tax
progressivity and optimal social insurance. These papers analyse whether the generosity of a specific
social insurance scheme justifies a more or less progressive tax system. McKay and Reis (2016)
study the optimal generosity of unemployment benefits and the progressivity of income taxes. Jung
and Tran (Forthcoming 2023) examine optimal progressivity together with the design of the health
insurance system in a model where individuals are exposed both to idiosyncratic labour productivity
and health risks over the life cycle. The central message of these papers is that optimal progressivity
depends on the type of risk being mitigated by social insurance, and the adequacy of relevant social
insurance mechanisms.

More recently, Ferriere et al. (2022) provide general insights on the interplay between optimal
labour income tax progressivity and the optimal design of the transfer system. Using a canonical
heterogeneous agent model with infinitely lived households as per Aiyagari (1994), they demon-
strate an optimally negative relationship between transfers and income tax progressivity due to
efficiency and redistribution concerns. They show that more generous transfers (that reduce disper-
sion in consumption) are optimally financed with less progressive labour income taxes (that enhance
efficiency).

While our paper affirms similar insights, it differs from Ferriere et al. (2022) and complements
it in several aspects. The first of these distinctions is in the design of tax systems. Ferriere et al.
(2022) echoes the US income tax system and take the flat capital income tax rate as given. We
study a compehensive income tax system where both labour income and capital income are taxed
jointly under the same tax code. The second distinction from Ferriere et al. (2022) is in our focus
on the life cycle and the incorporation of age-dependent means-tested transfer rather than a general
means-tested transfer to households in all periods.

Our approach and the general implications of our results are closely related to Heathcote,
Storesletten and Violante (2020) who explain the importance of life cycle dynamics in the optimal
progressivity of the tax and transfer system. While Heathcote, Storesletten and Violante (2020)
examine a net tax system, we consider an age-invariant “pure” tax system and model transfers sep-
arately. Moreover, in our framework, transfers are age dependent while income tax is age invariant.
The uninsurable risk channel as per Heathcote, Storesletten and Violante (2020) is moderated in
our framework by progressive welfare transfers in general and specifically by the means-tested age

pension.



2 The pension and income tax system in Australia

Unlike many other OECD countries, Australia has a very progressive personal income tax system and
a highly targeted means-tested pension system that targets low income retirees. Pension payments
are not universal because of income and asset tests that restrict payments to low income retirees.
We contextualize our paper by documenting trends in tax and pension progressivity. The purpose
of this section is to highlight rising tax and pension progressivity and provide motive for examining

the interaction of tax and pension progressivity in our main analysis.

2.1 Stylized facts

Data. We use data from the ATO Longitudinal Information Files (ALife) 1991-2019. AlLife con-
sists of confidentialised unit records of individual income tax returns from the Australian Tax Office
(ATO). The data consists of a 10% random sample of tax filers for each year. On average the sample
includes 1-1.5 million individuals per year. We report further details of the sample composition and
descriptive statistics in Appendix B.

For analysing income tax progressivity and pension progressivity, we take market income (the
sum of labour and capital incomes) as the base income concept. This is so as to have a uniform
base income concept to examine the distribution of tax and pensions. We restrict the sample to
individuals above 20 years with non-negative income and tax. Table 1 provides income tax and
pension summary statistics for the sample for 1991, 1995, 2000, 2010, 2015 and 2019. Pension
and tax variables are adjusted for inflation using the consumer price index and expressed in 2019

Australian dollars.

Table 1: Summary statistics for select years

Taxable income Income tax Pension
N Mean SD Median Mean SD Median Mean SD  Median

1991 736,584 46,149 42,192 41,052 9462 12,665 6,481 1452 4,013 -
1995 770,549 46,739 49,432 41,182  9.407 13,613 6,022 1,733 4,621 :
2000 838,057 54,228 401,680 45056 12,661 186,871 8,003 1464 3,726 _
2005 897,518 57,739 97,203 47,033 13,317 39,000 8,667 1,153 3,445 :
2010 976,803 61,144 95606 48,649 12,004 33371 6,067 887 3,032 _
2015 1,095,368 63,789 110,854 49,091 13,824 45358 7,042 1,034 3,407 :
2019 1,185,275 65252 196,345 50814 14,227 85120 7,283 940 3,374 _

We take taxable income (which includes pensions and other taxable transfers) as pre-tax income
in order to estimate the parametric tax function. Our income tax variable is total tax liability net of
offsets and credits. In order to estimate the tax function, we further restrict the sample to include

only those observations above the tax-free threshold for each respective year!.

Measurement. We use the Suits index (Suits (1977)) to measure tax progressivity. This index
is a Gini type measure that is obtained by plotting the cumulative distribution of a tax or transfer
against the cumulative distribution of income. The index ranges from -1 to 1. If the tax system is

proportional such that tax shares are equal to income shares, the relative concentration curve lies

Tncluding observations below the threshold leads to over-estimation of taxes for low incomes and under-estimation
of high incomes.



on the 45° line. In this case, the Suits index equals 0. As tax becomes more progressive, the relative
concentration curve becomes more convex, which increases the Suits index. Note that, progressivity
can be measured using different metrics from varying perspectives. We explain these in detail in

Appendix C.

Income tax progressivity. Tax progressivity has been increasing. Figure 1 plots the trend in the
Suits index of tax progressivity from 1991-2019. Throughout the 29 years, income tax in Australia
has been highly progressive, with a Suits index in the range of 0.16 (in 1993) to 0.23 (in 2011).
Moreover, tax progressivity increased substantially from 2005 to 2013. Since then tax progressivity

has been on a slightly downward trend but still high compared to the 1990s.

Suits index

1991 1994 1997 2000 2003 2006 2009 2012 2015 2018
Year

Figure 1: Trends in Suits index for income tax. Note: The Suits index ranges from -1 to 1. If the tax system is
proportional such that tax shares are equal to income shares, the relative concentration curve lies on the 45° line. In this case,

the Suits index equals 0. The higher Suits index indicates a more progressive income tax system.

Pension progressivity. We define a progressive pension system as one where benefits are dis-
tributed more unequally towards lower incomes. As pension becomes more progressive, the relative
curve becomes more concave and the Suits index becomes negative. With pensions, a higher negative
value indicates greater progressivity. Suits index equals 0 if pension shares are evenly distributed.
For the purpose of illustration, we express the Suits index for pension in absolute terms such that

an increase in the Suits index implies an increase in progressivity.
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Figure 2: Trends in Suits index for pension. Note: The Suits index for pension is close to 1, which implies very
high pension progressivity in Australia. To calculate the index for pension, we restrict the sample to only include individuals

who are 65 years and over.

Australia has a highly progressive pension system. Figure 2 plots the trend in the Suits index for
age-pension. For all years, the value is between 0.8 - 0.9, indicating the targeted, highly progressive
nature of the pension system in Australia. In line with the sharp increase in tax progressivity since

2005, we observe a sharp rise in pension progressivity.

2.2 The progressive income tax schedule and approximation

Australia’s income tax code consists of multiple income thresholds and statutory marginal tax rates
that rise as we progress to higher thresholds?. Further, those on lower income thresholds receive
various credits and offsets. We approximate this complex tax code using a parsimonious tax function
commonly used in the public finance literature (e.g., see Jakobsson (1976), Persson (1983), Benabou
(2002) and more recently Heathcote, Storesletten and Violante (2017)). Specifically, the total tax

liability ¢ (y), average tax rate atr and marginal tax rate mtr take the functional form:

tly) =y — " (1)
atr=1— Xy~ ™" (2)
mir=1—-X(1-171Y) y_Ty (3)

y is taxable income, A is a scale parameter that controls the level of the average taxation and
7Y is a curvature parameter that controls the curvature of the function. When 7Y = 0, the tax code

is proportional with an average tax rate of 1 — A. The higher the value of 7Y, the more progressive

2See Appendix A for an overview of Australia’s tax code



is the income tax schedule.?

Estimation and empirical fit. We estimate the tax function using taxable income and tax
liability from ALife data via 2 methods - ordinary least squares estimation of the logarithmic trans-
formation of the function, and non-linear least squares. Both methods yield the similar estimates
and exactly the same trend. Table 2 summarizes the OLS estimates of 7Y, their 95% confidence
intervals and the adjusted R-squares of the estimations for some selected years. As evident from
the table, we can obtain a very precise estimate of 7¥. This confirms that the tax function is a fair

approximation of the income tax code in Australia.

Table 2: OLS estimates of 7Y

Year 1991 2000 2010 2019
Y 0.152 0.150 0.129 0.165
95% Confidence interval (0.151,0.152)  (0.150,0.151)  (0.129,0.129) (0.165,0.166)
Adjusted R? 0.97 0.98 0.99 0.99

The progressivity parameter 7¥ has risen sharply in years. Figure 3 shows the trend in 7¥ from
1991 to 2019. Throughout the 29 years, Australia’s income tax code has been very progressive.
The value has ranged between 0.12 to 0.18. This range is in line with estimates of the parameter
by Holter, Krueger and Stepanchuk (2014) for other OECD countries with highly progressive tax
codes. In line with the context of this paper, the most relevant point from the figure is that in the
last decade, since the sharp rise in 2012-2013, the level of progressivity has been at its highest since
1991.

3This tax function is fairly general and captures the common cases:

(1) Full redistribution: ¢ (y) =y — A and ¢’ (y) = 1 if 7Y =1,
<1
. / —TY / t(y) .
(2) Progressive: t' (y) =1 — (1 —7)Ay""™") and ¢’ (y) > = ifo< ¥ <1,
(3) No redistribution (proportional): t(y) =y — Ay and ¢’ (y) =1 - X if ¥ =0,
>1
. / AN ’ t(y) o
(4) Regressive: t' (y) =1— (1 — T))\y( ™) and ¢ (y) < Ty if 7¥ < 0.

The curvature parameter 7¥ is a closed-form expression of tax elasticity given by M = 7Y. If the elasticity
atr(y)

is larger than unity, ¢ > 1, additional tax liability on an additional unit of income (marginal rate) exceeds average
tax liability at that income level (average rate), i.e., mtr (y) — atr (y) > 0. This is explained more in Appendix C.
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Figure 3: Trends in the progressivity parameter 7Y. Note: The values of 7¥ is relatively high and has been

increasing sharply since 2005. This echoes trends in tax progressivity measured by the Suits index in Figure 1.

2.3 Means-tested pension

We approximate the Australian means-tested pension system as follows. Let p™* denote the
maximum pension received provided that their assessable income y"* does not exceed the low income
threshold 7;. Above this threshold, pension is reduced at a taper rate w? € [0,1] till threshold
U2 = g1 + p™** /wY. The pension benefit payment is given by
pmex ify™ <y
p=p" —wf (y" =) iy <y <o (4)
if y™ > yo
The taper rate controls pension progressivity. Given a fixed threshold ¢;, we can control pro-
gressivity by changing the taper rate. When wY = 1, pension is subject to a strict means-test
whereby all below a certain threshold obtain the maximum benefit, and those above receive none.
Thus, given a significantly low threshold (as is the case in Australia), the pension system would be
highly progressive. When we decrease wY, it leads to an increase in coverage. While those below
the income threshold still receive the maximum benefit, those higher up the income scale become
eligible for a partial benefit. The amount of benefit received by higher incomes increases as the
taper rate decreases, making the pension system less progressive. Thus, decrease in w¥ implies a
reduction in pension progressivity (and vice-versa). An w¥ = 0 indicates a universal pension system.
Thus, the taper rate w? is a valid indicator of pension progressivity giving credence to its use to

control pension progressivity in our quantitative experiments.

3 A simple model for building economic intuitions

In this section, we formulate a partial equilibrium model to draw economic intuitions on how pro-

gressive tax and pension systems can complement each other.



3.1 Environment

The model is populated by overlapping generations of individuals of heterogeneous skill types (in-
dexed i € I) who live for two periods indexed j € {1,2}. We assume individuals supply labour
inelastically. In the first period, they earn labour income at a skill specific wage rate w'. In the
second period, they are retired and live off their savings. In the absence of private insurance, this
motivates young individuals to save an amount s’ of their labour income. It also provides motive

for age-pension from the government. The means-tested pension system is given by

pi _ P st if rsz: <y (5)
0 ifrs* >y
Pension is funded by imposing labour income tax 7°.

Our focus in this section is purely to show the relationship between pension and tax progressivity
in terms of the the progression of tax rates 7* and the taper rate w. To do this in an easily tractable
manner, we impose some simplifying assumptions on the model. The first, as already evident
is inelastic labour supply. Second, in order to make the pension problem simpler and draw all
attention to w in terms of pension progressivity, we assume that the income threshold ¢ is equal to
the maximum income that any household can obtain. Accordingly, the pension system simplifies
to p' = p™® — wrs’. Third, we assume that individual preferences are quadratic in terms of
consumption in the two periods such that U’ = yc}| — @ + B | xch — (652)2} , where discount factor
B is set to 1 and x > 0 is a parameter determining consumption utility.

Our assumptions simplify the household problem such that individuals would divide their lifetime
income equally between the two periods. The optimal consumption and saving is given by s' = ¢} =

max

cy = % [(1 — 7-1') wt + 1fr—wr] . This gives the indirect utility function

}X[mfi)wwpmaxr (6)

14+7r—wr

max

p

Vil

3.2 Pension and tax progressivity

For simplicity, we assume that there are two household types: low and high skilled (i = {L, H})
whereby the former is less productive than the latter and have a lower wage rate, w” < wl. Wage
heterogeneity results in income inequality. The government aims to improve inequality and social
welfare by redistributing income from high to low skilled households via a progressive income tax
system and a means-tested pension system. We assume a utilitarian social welfare criterion given

by > icr V. The general problem for the government is

max {VL + Vs t, 7wt 7l = gpmax — (sL + SH)} (7)
7—H77—L ,w,pmax

We further simplify the government problem by assuming that only low skilled households are
eligible for age pension. We also assume that the pension parameters are exogenous. The government

problem then simplifies to max u ,z {VL + Vst rHwH 4 7lypl = pmax — wrsL}. Given our

simple functional form for indirect utility, this yields the equilibrium condition: wf — 7Hw" =
wl — rlwl + lf:j);T. The optimal tax rates are given by

10



max max

m P p L

— wriwk +wH —w

ax
H p —wr 1+r—wr  14+r—wr 2 8
= 2wH (8)
and
max _ max prnax o l L o H o L
L p wr 1+r—wr + 1+r—wr wraw (w w ) 9

There are two main results in regards to the relationship between pension design and optimal

tax progressivity.

Proposition 1. There is a negative relationship between pension progressivity and optimal tax
progressivity.

Proof: Combining Equations 8 and 9 results in a measure of the gap between the tax liability
for high skilled and low skilled households.

max

H_H L_L p H L
N — 10
weT woT 15 , (w w) (10)

HTH L_L

The gap between the two tax liabilities, w — w~7", indicate how progressive the income tax

system is. Taking the derivative of Equation 10 with respect to w yields

o (U}HTH _ ’U)LTL) |: —ppmax
(

% = ) } <0 (11)

1+T—wr2

This implies that there is an negative relationship between tax progressivity (w7 — wlrF)

and pension progressivity (w). That is, an increase in the taper rate w would result in a decrease

in tax progressivity, and vice versa H.

Proposition 2. The strength of the taz-pension progressivity link is negatively influenced by the

level of mazimum pension benefit (i.e., pension generosity).

max —T
—)—— < 0.
(1+r—wr)
This indicates that when the maximum pension benefit is relatively low, i.e. less generous, a

Proof: The derivative of Equation 11 with respect to p yields
lower taper rate calls for a more progressive tax compared to a case where the maximum benefit is
relatively high, i.e. more generous W

Building on the economic intuitions from a simple model, we conjecture that this relationship
between optimal pension and tax progressivity would be in play in a more complex setting. However,
it is difficult to know to what extent progressivity in the more complex tax and pension systems
could complement each other, given the non-linearity of the utilitarian social welfare problem. In
the next section, we examine our theoretical conjecture in a large-scale dynamic general equilibrium

model.

4 Quantitative model

We construct a large-scale overlapping generations model in the spirit of Auerbach and Kotlikoff
(1987) that includes households who are ex-ante heterogeneous with respect to education level and
ex-post heterogeneous due to uninsurable idiosyncratic labor productivity risk. Our model is an

extended version of the general equilibrium OLG model developed for the Australian economy by
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Tran and Woodland (2014). Similar to other OLG models of the Australian economy, our benchmark

is modeled under small open economy assumptions.

4.1 Demographics, endowments and preferences

Demographics. The model economy is populated by J overlapping generations. In each period,
a new generation is born and enters the model at the age of 20, faces random survival probabilities

j, and live to a maximum of J periods. Demographic structure is stationary. The fraction of

Hji—195
(1+n) >’

population of age j at any point in time is given by p; = where n is the constant rate of

population growth.

Endowments. FEach cohort consists of 3 exogenous skill types that are based on education level
o0 € {low, medium, high}. Those whose highest education attained is high school or below are clas-
sified as low skilled, those with a further tertiary training but without a graduate level qualification
are classified as medium skilled, and graduates and higher are high skilled. In each period, house-
holds are endowed with 1 unit of labor time with labor productivity 1. ; € {n1,j,7m2,5, 3.5, M4,5: 15,5 }
which follows a Markov switching process with a transition matrix 7, ; (1,,j+1|72,;). This transition
matrix differ by skill type, capturing the life cycle shocks faced by those with different levels of
education. It also provides for even low skill types to attain higher wage quantiles (albeit with a

low probability).

Preferences. Households have preferences over streams of consumption ¢; and leisure [; . The

period utility function has a form of w (¢;,(;) .

4.2 Technology

We assume a representative, competitive firm that hires capital K and effective labor services H
(human capital) to operate the constant returns to scale technology Y = AK“H'~% where A > 0
parameterizes the total factor productivity which grows at a constant rate g and « is the capital
share of output. Capital depreciates at a rate J in every period. The firm choose capital and labor

inputs to maximize its profit given the rental rate ¢ and the market wage rate w according to

r}rgfgc{(l—Tf) (AKaHlfa—wH)—qK}, (12)

where 7/ € [0,1] is the company income tax rate.

4.3 Fiscal policy

Government revenues. The government finances its fiscal programs by collecting tax revenue
via a personal income tax t (y;), consumption tax ¢ (¢;) at the rate 7¢ € [0, 1] and a company income
tax at the rate 75 € [0,1]. The government levies a progressive income tax on taxable incomey; that
includes both labor income, capital income and pension. We approximate the Australian personal

income tax code using the following parametric tax function explained earlier in Section 2.2.

t (y;) = max (0, yj — )\yjl.ﬂ') (13)
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Total government revenue is given by

Tax =Y t(y;) p(xz) + > _tle)) ulxy) + 7/ (AK“H'™ —wH), (14)
J J
where () is the measure of agents in state x;.

Government spending. The governments has three main spending programs: an age pension
program for retirees, a welfare transfer program for workers and a general government purchase
program.

The amount of pension benefit p; is means-tested and given by

preE ifyi" <o
pi (U]') = ¢ P> —w (y}" - y_1> if g <yi" <ip (15)

where g1 and g2 = g1 + p™** /w, are the income test thresholds and w is the income taper rate.

The amount of welfare transfers st; (1, ;,7) is age-dependent and conditional on the level of
the labor productivity shock 7, ;. This closely approximates the progressive nature of the targeted
transfer system, as well as changes in the level of targeted transfers over the life cycle. This welfare
transfer program closely reflects the breadth of the social welfare system in Australia.

In addition, the government spends an amount GG on general government purchases.

Government budget constraint. Total government expenditure is financed by tax revenues
and the issue of new debt which incurs interest payments rD. In steady state, the level of public

debt is constant and the government budget constraint is given by

Taz =Y p; (") w(x;) + Y sty 0z, 5) p(xj) + G + 1D (16)
J j

The model allows for the government to have an additional role in distributing bequests (both
accidental and intentional) from dead agents to those alive. However, in our baseline experiments

we assume that all accidental bequests are taxed away akin to a 100% estate tax.

4.4 Market structure

We assume a small open economy in which that the domestic capital market is fully integrated with
the world capital market. Hence, under free inflows and outflows of capital, the domestic interest
rate r is exogenously set by the world interest rate r. Labor is internationally immobile so that
there is no migration. The wage rate w adjusts to clear the labor market in equilibrium.

Markets are incomplete such that households cannot insure against idiosyncratic wage risk and
mortality risk by trading state contingent assets. In addition, they are not allowed to borrow against

future income, such that asset holdings are non-negative.
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4.5 Household optimization problem

Households receive income from labor and capital market activities. Their market income is given
by y7* = ;- w - (1 —1;) + ra;. Households might receive welfare transfers st; (1., j) before the
pension eligibility age JP. Upon reaching the pension eligibility age, they are entitled to a means-
tested public pension p (ym> that is subjected to an income test. Households are required to pay
consumption tax at the rate of 7¢ on their consumption ¢; and income tax t; on their taxable income
Y = y}” + pj>g», which is the sum of their market income and age-pension.

Let the state of the household at age j be x; = (4,7:,5,a;). Given time invariant prices, taxes

and transfers, the household problem is written recursively as

V7 (xj) =
,max (s 1)+ B%j1 Y Tog (Mzjralnzg) VI (1)
it Mz,j+1

subject to:

y; (taxable income)

ajp1 =Nsj - w - (L=1) +rag+pjoge + sticgr —t(y;) = (1 +7° ¢j + a5,

y;* (market income)

ajZOand0<lj§1. (17)

4.6 Equilibrium

Given the government policy settings for the tax system and the pension system, the population
growth rate, world interest rate, a steady state competitive equilibrium is such that:

(1) a collection of individual household decisions {c¢; (x;),{; (x;),aj+1 (X])} ., solve the house-
hold problem given by equation (17);

(7i) the firm chooses effective labor and capital inputs to solve the profit maximization problem
in equation (12);

(7i7) the total lump-sum bequest transfer is equal to the total amount of assets left by all the

deceased agents

-1 (1 —15)
B= B [t o (19

(iv) the current account is balanced and foreign assets Ay freely adjust so that » = 7, where
W is the world interest rate;

(v) the domestic market for capital and labor clear

K = Zﬂj/aj Xj) dA; (x;) + B+ Ay (19)
J€j

H=Y " [ 0-1)e; () da; () (20)
J€j

and factor prices are determined competitively such that w = (1 — «) %, q=azx and r =q—d;
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(vi) the government budget constraint defined in equation (16) is satisfied.

5 Mapping the model to data

We map the steady state equilibrium to reflect key statistics for the Australian economy for 2012 —
2016. We chose 2012 to begin our analysis to eliminate any temporary shocks to economic activity
and resultant fiscal shocks due to the Global Financial Crisis. 2016 is the last year for which complete
data on all key statistics were available. We present values for parameters that were determined by

standard and their respective sources or benchmark targets in Table 3.

Table 3: Key parameters, targets and data sources

Parameter Value Source/Target

Demographics

Population growth rate n=15% WDI

Survival probabilities (on Australian Life Tables (ABS)
Technology and market structure

Capital share of output a=04 Tran and Woodland (2014)
GDP per capita growth rate g =1.3% WDI

Depreciation 0 = 0.055 Tran and Woodland (2014)
Total factor productivity A=1 (scaling parameter)

Interest rates r=r"=1.01% Investment share of GDP
Preferences

Inter-temporal elasticity of consumption o=

Share parameter for leisure v =0.36 Labour supply over the life cycle
Discount factor 8 =10.99 Household savings share of GDP

Fiscal policy

Consumption tax rate 7¢=10% Consumption tax share of GDP

Income tax A =0.7237 Income tax share of GDP,
T=0.2 Suits index and Tax distribution

Company profits tax rate f=11% Company tax share of GDP and

investment/GDP ratio.

Pension income test taper rate wY = 0.5 Official taper rate

Maximum pension pmer Pension share of GDP

Pension thresholds Y1 Pension participation rates

General government purchases G=Y x9% WDI

Public debt D=Y x10%

Welfare transfers ST =Y x6.4% OECD-SOCX

WDI: World Development Indicators, ABS: Australian Bureau of Statistics, OECD-SOCX: Social expenditure
database of the OECD.

5.1 Demographics, endowments and preferences

Demographics. One model period lasts 5 years. Households become economically active at age
20, (j = 1). They are eligible for age-pension at age 65 (j = 10). Household survival probability
becomes zero (die with certainty) at age 90. We set the population growth rate to n = 1.5%.
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We use Life Tables for the period from the Australian Bureau of Statistics to determine survival

probabilities ;.

Endowments. The labor productivity shock process is estimated from from the Household, In-
come and Labour Dynamics in Australia (HILDA) longitudinal survey for the years 2001-2018. We
follow Nishiyama and Smetters (2007) to approximate the dynamics of labour productivity over the
life-cycle. We define working ability/labour productivity as the average wage rate. We first group
individuals aged between 20 and 64 into cohorts of 5 year age groups. We then classify individuals
in each of these age groups in 5 quintiles of wage rate. We assume that labour productivity declines
linearly for those age 65 and above, reaching 0 at age 80.

The mobility of individuals from quintile to quintile over the life cycle is governed by Markov
transition matrices that are skill and age dependent. The following steps outline the estimation

procedure for these matrices.

1. For each wave of the HILDA survey, we group individuals by skill type, age and quintile. Let
N;z” be the total number of individuals of skill type s and age j in quintile i = v € [1, 2, 3,4, 5].

2. Next, we track the movement of individuals in each group from age j to 7+ 1. That is, we see
whether they have stayed in one quintile or moved to another, and if so, which quintile they
moved to. Let nﬁ’{ s be the total number of individuals in the pool NV ;?’ in age j that moved

to quintile i = k € [1,2,3,4,5] at age j + 1.

3. The transition probability from quintile v at age j to quintile k at age j+ 1 is then calculated
as
i=k
miga (el = e (21)
s

To make the transition matrix more persistent, we use the average of estimates between 2001
and 2018.

The difference between skill types in our model is thus not directly dependent on a skill specific
labour productivity profile over the life cycle. Rather, it depends on the transition probabilities that
are different between skill types. For example, at the age of 40-45, both a high skilled individual
and a medium skilled individual could be at the top quintile. However, a high skilled individual
could be more likely to persist at the top, while a low skilled individual is more likely to descend to
a lower quintile.

The main reason for choosing this method to estimate labour productivity is that we approximate
welfare transfers below the age of 65 by wage quintile rather than by skill type. This is a better
approximation of reality as welfare transfers do not distinguish between skill type, but is highly
correlated on labour income regardless of your educational background.

o ll—w]l—a

[Cj J
-0

. We
set 0 = 2 and v = 0.36. The subjective discount factor 3 is calibrated to match gross household

Preferences. We assume that the period utility function has a form of u (¢, 1) =

savings to GDP ratio which has averaged around 0.2 according to ABS data.
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5.2 Technology

Production in the economy is characterized by the Cobb-Douglas function AK*H'=%. We follow
Tran and Woodland (2014) and set the capital share of output @ = 0.4, the parameter A = 1
and the depreciation rate of physical capital § = 0.055. GDP per capita growth rate g is set at
1.3% which is the average rate for Australia during the period, taken from the World Development
Indicators database of the World Bank.

5.3 Fiscal policy

We base our policy settings and their parameter values for the period between 2012-2016 to calibrate

the fiscal policy in the benchmark model.

Income tax. We approximate the Australian income tax code using a parametric tax function
discussed in Section 4.3. We calibrate the parameters of the function to approximate the tax-free
threshold and average tax rates by income level during the period. We set the tax level parameter
A = 0.7237 and the curvature parameter 7¥ = 0.2 so as to match the income tax share of GDP, and
the distribution of tax liabilities and the Suits (1977) index which calculates the concentration of

tax liability relative to the distribution of taxable income.

Consumption tax and company income tax. The consumption and company income tax
rates during the period were 10% and 30% respectively. However, we adjust these statutory rates
in our benchmark model to match the actual tax revenue to GDP ratios. In the case of company
income tax, we also target the net investment to GDP ratio. This results in a consumption tax
rate of 10% and a significantly lower company income tax rate of 11%. In the case of the company
income tax, it is important to note that our model only includes a single representative firm. The
lower tax rate on companies reflect the significant number of small and medium enterprises in the
economy who would be tax exempt. Thus, the company tax revenue share of GDP rather than the

statutory rate is a better target for our model.

Means-tested pension. The income test taper rate is set at w¥ = 0.5 which reflect the reduction
in pension by 50 cents for every $1 above the low income threshold ;. In order to test whether the
asset test binds in our model, we also calibrate a version with the asset test where the asset test
taper rate is w® = 0.0015 for every $1,000 above the low asset threshold a;. Below these thresholds,
households obtain the maximum pension denoted by p™?*. We calibrate p™®* and the thresholds
yiand ai1to match pension participation rates over the life cycle and the public pension to GDP
ratio. In our benchmark model economy, the income test binds. Since it is the focus of the paper,
we do not run any further experiments with the asset test taper rate. We leave that exploration for

future work.

Other welfare transfers. We lump all welfare transfers other than pension such as family ben-
efits, disability support pension and unemployment benefits in to st (1;,7). We estimate the share
of other welfare transfers by wage quintile 7; and age j using HILDA data and set the total amount

of welfare transfers to match its share of GDP.
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General government expenditure and debt. We define government expenditure other than
welfare transfers and age-pension as general government expenditure G. We calibrate G to match
the average expenditure over the benchmark period. Similarly, public debt is set at 10% of GDP
which reflects the average net public debt share of GDP during the period. Both these aggregates
are increased or decreased within this range during our calibration in order to adjust for tax revenue
shares of GDP.

We analyse the optimal design of pension and income tax in a rich computational dynamic
general equilibrium overlapping generations (OLG) with idiosyncratic labour productivity risk and
incomplete markets as per Bewley (1986) and Huggett (1993).

For the sake of conciseness, we defer a detailed description of the model and its calibration to
Appendix 4. (We encourage any reader who is not familiar with this class of model to read the
Appendix thoroughly). In this section, we present the key features and detail parts of the model

that are central to our analysis.

5.4 Market structure

Under our small open economy assumption, we assume the world interest rate is r = 4%.

5.5 The benchmark economy

We map the steady state equilibrium to reflect key statistics for the Australian economy for 2012 —

2016. Table 4. presents values for parameters, source data and their respective benchmark targets.
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Table 4: Key parameters, targets and data sources

Parameter Value Source/Target

Demographics

Population growth rate n=15% WDI

Survival probabilities ) Australian Life Tables (ABS)
Technology and market structure

Capital share of output a=04 Tran and Woodland (2014)
GDP per capita growth rate g=1.3% WDI

Depreciation 0 = 0.055 Tran and Woodland (2014)
Total factor productivity A= (scaling parameter)

Interest rates r=r"=1.01% Investment share of GDP
Preferences

Intertemporal elasticity of consumption o=

Share parameter for leisure v =10.36 Labour supply over the life cycle
Discount factor 8 =0.99 Household savings share of GDP

Fiscal policy

Consumption tax rate 7¢=10% Consumption tax share of GDP
Income tax A =0.7237 Income tax share of GDP,

7Y =0.2 Suits index and Tax distribution
Company profits tax rate rf =11% Company tax share of GDP and

investment/GDP ratio.

Pension income test taper rate wY =0.5 Official taper rate
Maximum pension pmar Pension share of GDP
Pension thresholds Y1 Pension participation rates
General government purchases G=Y x 9% WDI
Public debt D=Y x10%
Other welfare transfers ST =Y x6.4% OECD-SOCX

WDI: World Development Indicators, ABS: Australian Bureau of Statistics, OECD-SOCX: Social expenditure
database of the OECD.

Aggregate macro-fiscal variables. One of our main focuses in the benchmark calibration was
to get the key macroeconomic and fiscal aggregates to reflect the Australian economy as closely as
possible. As Table 5 shows, we are able to closely match investment and consumption shares of
GDP. Most importantly, our model matches the tax revenue shares and the pension and welfare
transfer shares of GDP.

Our model is also able to closely replicate the distribution of income tax liabilities relative to the
distribution of taxable income. In this regard, the Gini coefficient of taxable income is at 0.44 and
the Suits index is at 0.3.% However, net income inequality is slightly lower in the model compared
to data.

“The Suits index target is based on the distribution of taxable income taken from ALife 2012-16. In that, taxable
income is derived from the variable ic_taxable income loss.
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Table 5: Key variables in the benchmark economy

Variable Model Targets
Investment 18.94 26.51
Consumption 54.87 56.30
Age-pension 2.62 2.54
welfare transfers other than age-pension  6.49 6.42
Government debt 11.5 10
Personal income tax 11.4 11.4
Consumption tax 5.49 5.55
Company income tax 4.40 4.25
Suits index (Income tax distribution) 0.3 0.3
Gini coefficient (Taxable income) 0.44 0.45
Gini coefficient (Net income) 0.28 0.32

Note: All variables are expressed in terms of percentage of GDP. Data are averages of annual variables from 2012-
2016 taken from the International Monetary Fund, World Economic Outlook Database, October 2020 and the World
Development Indicators.

Life cycle profiles. For the most part, our model is also able to replicate patterns that are
typically observed in life cycle profiles in OLG models for Australia. Figure 4 displays life cycle
profiles for some key variables by skill type. The average labour hours per week by skill type in
Figure 4a indicates that our labour productivity and skill specification generate a labour supply
profile that reflects reality.

In this regard, higher skill types on average work more hours, followed by medium skill and low
skill types. Consequently they earn higher taxable incomes, pay more income tax on average and
consume more over the life cycle (Figure 4e, Figure 4f and Figure 4c respectively).

While Figure 4b shows that household assets over the life cycle match inverted U shaped pattern
that is observed in data, all individuals in our model begin their life with no assets, highlighting
one of the limitations of our model. Figure 4d plots pension participation rates by skill type from
the age of 60-65 to 85-90. The pattern of higher participation rates for low skill types compared to

others confirms the calibration of the means-tested pension system in our model.
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Figure 4: Life cycle profiles in the benchmark economy
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6 Quantitative analysis

6.1 The effects of changing the level of tax progressivity

In this section, we study the effects of changing the level of tax progressivity. We do so by varying 7Y
while keeping the age pension parameters unchanged. Note that, we keep other policy variables fixed
in real terms. We also keep consumption and company income tax rates constant. We balance the
government budget by adjusting A\, which can be viewed as the revenue requirement, with (1 — X)

indicating the average level of taxation in the economy.

6.1.1 The average and marginal tax rates

Figure 5 shows that an increase in the level of tax progressivity 7¥ leads to an increase in the average
level of taxation (1 —\) in our framework, similar to Guner, Lopez-Daneri and Ventura (2016). The
changes in the two income tax parameters lead to uneven changes in the average and marginal tax
rates across the income distribution.

Figure 6a illustrates the average tax function, while Figure 6b illustrates the marginal tax

function at different levels of 7Y.
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Figure 5: Relationship between progressivity 7¢¥ and the average rate of taxation 1 — A. Note: An

increase in progressivity 7Y results in an increase in the average level of taxation 1 — A.
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Figure 6: Average and marginal tax functions at different levels of 7Y

We observe that as 7Y decreases, both tax functions pivot clockwise, resulting in a reduction of
average and marginal tax rates for much of the income tax scale. This reduction is larger at higher
income levels. However, this clockwise pivot increases tax rates at the lower end of the income tax
scale. Tt also reduces the tax-free threshold (denoted by )\%y)
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Figure 7: Average and marginal tax rates by skill type at different levels of 7Y

The flattening of the tax code depicted in Figures 6a and b imply a a reduction in the tax burden
for higher income groups and an increase in the burden for lower income groups. In addition, it
also implies a positive incentive effect due to declining marginal tax rates for all groups. Figures 7a
and 7b illustrate the group averages of average tax rates and marginal tax rates for the three skill
types. Figure 7a shows that as 7Y decreases, average tax rates on average decrease for the high skill
types while the other two experience a sharp increase. Figure 7b depicts a sharp decline in marginal

tax rates for all skill types. Both figures show a convergence in tax rates among skill types as 7Y
decreases.

6.1.2 Household responses

Figure 7 hints at the incentive effects at play for different skill types in our benchmark economy.
In this section, we examine how these incentive effects change household behaviour as 7Y decreases.

Figures 8a-d plot the change in savings (a), labour hours (b), consumption (¢) and net income (d).
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All variables are expressed in percentage change relative to benchmark.

Savings. Figure 8a shows reducing progressivity leads to a sharp rise in household savings. This
is most pronounced for high skilled households. We know from Figure 7 that they experience a
sharp decline in both the marginal and average tax rates with declining progressivity. This induces
a strong positive income and substitution effect that encourages saving, resulting in a 105% increase
with a proportional tax code.

In the case of medium and low skill types, rising average tax rates (Figure 7a) implies a negative
income effect on savings. However, we see that the sharp decline in marginal tax rates (Figure 7b)
for these households induces a stronger positive substitution effect. As a result, when the tax code
is proportional savings for medium and low skill types increase by 70% and 60% respectively. The

increase in savings across skill types results in aggregate savings increasing by 77%.
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Figure 8: Change in labour supply, savings and consumption as 7Y changes

Labour supply. Declining 7¥ incentivizes low and medium skilled workers to work more on two
fronts - an income effect from increasing average tax rates, and a substitution effect from reducing
marginal tax rates. Thus, we observe that these two skill types experience larger increases in labour
hours (Figure 8b) compared to high skill types. In the case of the former, although their marginal
tax rates decline, declining average tax rates (Figure 7) result in a negative income effect. Hence
they experience a smaller increase in hours compared to low and medium skilled workers.

The positive effect on hours from the tax code is dampened to a large extent by a substantial

rise in capital income. We observe a smaller increase in labour hours (Figure 8b) compared to
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the increase in household savings as 7Y decreases. By increasing capital income through savings,
a negative income effect is induced on the labour hours. Nevertheless, the fact that labour hours
increase by over 10% shows that the positive incentive effects from a flatter tax code outweighs the

negative income effect from increasing savings.

Consumption. Increase in savings and labour hours increase both capital and labour income.
Figure 8d shows that this results in an increase in net income for all household types. As a result,
there is a significant increase in consumption with decreasing progressivity (Figure 8c). Under a
proportional tax code, aggregate consumption is 23% higher than the benchmark. The increase in
consumption is rather uniform across household types. High skilled households experience a 27%

rise while medium and low skilled households experience 21% and 20% respectively.

Welfare. Figure 9 displays the welfare results.
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Figure 9: Aggregate welfare gains and across skill types

We use consumption equivalent variation (CEV) to measure the wefalre effects of tax changes.
The utilitarian social welfare function is maximized with a proportional tax code, yielding a 5% gain
relative to the benchmark. However, the welfare gains are unevenly distributed between different
skill types. As seen in Figure 7, there is a large decline in average tax rates for the high skill types,
we observe a sharp increase in their welfare. They attain a maximum of 8% with a proportional
tax code. Coversely, the average tax rates sharply rise for the low and medium skill types when 7Y
decreases below 0.04.. The low and medium skill households experience a smaller welfare gain of

3% and 4%, respectively.

6.1.3 Reliance on public pension

Efficiency gains from lower tax progressivity lead to increases in income and retirement savings.
Figures 10a and b show the substantial increase in savings due to lower progressivity translates into
larger asset accumulation and higher market income over the life cycle In a flat tax system, by the

time they are eligible for age-pension (65 years), households earn a market income that is on average
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21% higher than they would under the benchmark progressive tax code. Similarly, on average they

hold 87% more assets at age 65 when the tax code is flat.
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Figure 10: Average asset holdings and market income (benchmark vs. flat tax). Note: All values except

for pension participation rate are normalized by their respective value in the benchmark tax regime at age 20.

Hence, efficiency gains over the life cycle results in fewer households relying on the pension
system in old age. Figure 10c shows a significant shift in average pension by age when progressivity
reduces from 7Y = 0.2 to a flat tax with 7¥ = 0. On average, a flat tax system results in between
19% - 25% benefits for those between 65 and 80 years. Lowering progressivity has a smaller impact
on pension in the very last decade of life. We also observe that lower progressivity has a smaller
impact on pension participation rates (Figure 10d). There is only a modest downward shift in
participation rates in the very early years of old age.

This reduction in pension reliance is not only true for the case of the flat tax. Figure 11a plots
the percentage change in total pension benefits, and benefits by skill types against different levels of
progressivity 7¥. Reducing 7¥ by a small amount from 0.2 to 0.14 does not have a significant impact
on pensions. However, reducing 7Y further results in a steep decline. Consistent with all other
results so far, higher skill types experience the sharpest decline. Yet, we also see a 10% reduction
in pension benefits for the low skilled, showing that households across the skill distribution rely less
on age-pension as 7Y decreases. Pension participation rates also decline by a small amount (Figure
11b) for all skill types.
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Figure 11: Average pension and pension participation rate for different values of 7¥

6.2 Interactions between progressive pension and tax progressivity

In Section 6.1, we focused on the effect of varying income tax progressivity with the age-pension
parameters unchanged from their benchmark values. One of the key results from the previous
section is that reducing tax progressivity leads to efficiency gains over the life cycle that results in
less reliance on pension in old-age.

We now turn towards the central focus of our paper, exploring the interactions between the
optimal pension design and optimal tax progressivity. We first explore the effect of decreasing
pension progressivity in terms of changing taper rate w¥ at different levels of tax progressivity 7Y.
Next we examine whether changing the progressivity of the pension system affects optimal tax

progressivity. Finally we examine how pension generosity in terms of maximum pension benefit

p

max affects both optimal tax and pension progressivities.

6.2.1 Pension and tax progressivity

Varying pension taper rate wY and tax progressivity 7Y. In our model, at any given level
of maximum pension benefit and its respective income threshold, the maximum benefit taper rate
wY controls the progressivity of the pension system. When w¥ = 1, pension is subject to a strict
means-test whereby all below a certain threshold obtain the maximum benefit, and those above
receive none. Thus, given a significantly low threshold (as is the case in our benchmark economy),
the pension system would be highly progressive.

When we decrease wY, it leads to an increase in coverage. While those below the income threshold
still receive the maximum benefit, those higher up the income scale become eligible for a partial
benefit. The amount of benefit received by higher incomes increases as the taper rate decreases,
making the pension system less progressive. Thus, decrease in w¥ implies a reduction in pension
progressivity (and vice-versa). An w¥ = 0 indicates a universal pension system.

In Section 6.1, we saw that given the progressive pension system in our benchmark economy, it
is socially desirable to reduce tax progressivity. Further, the optimal income tax system is a flat
tax with no social insurance role. Given this context, we now examine whether social insurance
from progressive pension becomes more important (from a welfare perspective) as tax progressivity

decreases.
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To do so, we repeat Experiment 1, but this time varying the taper rate w¥ between 0 and 1 while
varying tax progressivity 7Y.> At each level of tax progressivity 7Y, we examine whether welfare
increases or decreases as we increase the pension taper rate w¥ and make the pension system more
progressive. To ease welfare comparisons, for each given level of 7¥, we compute CEV between
economies with means-testing (0 < w? < 1) and the economy with universal pension (w¥ = 0).
That is, at any given level of tax progressivity, we examine whether households are better off or
worse off when the taper rate increases from 0 towards 1. This will make the pension system more

progressive. If CEV rises as w¥ increases, it means households are better off with more progressive

pension, and vice-versa.

Optimal pension progressivity increases with decreasing tax progressivity. Panels a-c
in Figure 12 plot the change in CEV as the taper rate increases from 0 to 1 for four levels of tax
progressivity. Tax progressivity increases from Figure 12a to Figure 12c. Figure 12a plots results
for economies with a flat tax. Figure 12b shows benchmark 7¥ = 0.2. Finally Figure 12c¢ shows a
tax progressivity level that is higher than benchmark at 7¢ = 0.3. Moving from Figure 12a-c, we

observe a clear relationship between tax progressivity and pension progressivity.

0.0

CEV (%)
s
()

Households

Households

0.1 -0.4
Low skilled Low skilled
- Medium skilled - Medium skilled
0.0 = High skilled 0.6 ~ High skilled
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10
Taper w” (Pension progressivity) Taper w” (Pension progressivity)
(a) ¥ =0 (b) ¥ =0.2

0.0

-0.2

-0.4

CEV (%)

Households
Low skilled

—+ Medium skilled

-+ High skilled

-0.6

-0.8

00 0.1 02 03 04 05 06 07 08 09 10

Taper w* (Pension progressivity)

(¢) ¥ =03

Figure 12: Welfare effects of increasing pension progressivity at different levels of tax progressivity

Starting from Figure 12a, when income tax is flat, welfare improves for all skill types with

an increagse in the taper rate. Thus, when the social insurance role is completely removed from

®Same as the first experiment, we balance the budget by adjusting the income tax scale parameter ), and keep all
other policy variables fixed at their benchmark rates or levels.
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income tax, social insurance via a more progressive pension system becomes more desirable. The
relationship between taper rates and welfare is completely different in Figure 12b. All skill types
gain by making the pension less progressive by lowering the from the benchmark (w¥ = 0.5) to 0.2.
When income tax is progressive, high skilled households prefer universal pension to means tested
pension with any taper rate. When the tax system is even more progressive at 7¥ = 0.3 (Figure
12b), we observe an even stronger negative linear trend. Generally, all households experience a

welfare loss when pension becomes more progressive.®

Optimal tax progressivity and taper rate. Changing the taper rate does not affect the op-
timal progressivity level of income tax. Figure 13 plots CEV at different levels of tax and pension
progressivity with respect to the benchmark 7¥ = 0.2 and w¥ = 0.5. Relative to our benchmark
economy, holding the maximum benefit fixed, social welfare is maximized with a flat income tax
and a strict means-tested pension system.

It is also important to note the small magnitude of welfare effects at any given level of tax
progressivity. This is evident in Figure 12 as well as Figure 13. In this regard, we find that changing
the taper rate does not have significant welfare effects compared to changing tax progressivity. This
is because the distortionary effects of progressive income tax prevails throughout the life cycle. In
contrast, the pension system affects only in old age. As we saw in Section 6.1.3, efficiency gains

from lower tax progressivity translate into less reliance on pension in old age.

5 1 L ]
° : : s
[ ]
§
4.
L[]
< 3 ¥
S .
> Taper rate w” 1 !
B2 1.00
O : Y1
0.75
[ d
14 0.50 :
0.25
°
01 0.00 .

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Progressivity (T")

Figure 13: Aggregate welfare at different levels of tax and pension progressivity

Reducing tax progressivity mitigates market distortions from progressive pension. We
also observe an increase in aggregate efficiency with decreasing tax progressivity at any given level
of pension taper rate. Figure 14a and Figure 14b plot the percentage change in aggregate hours and
savings relative to benchmark for different 7¥ at w¥ = {0,0.5,1}. Overall, the effects of reducing
tax progressivity on work and savings are the same as Section 6.1.2. The Figure reveals that the

effect from tax progressivity dominates the effect from alternative pension taper rates.

6 Although low skilled households prefer a slightly progressive taper rate around w¥ = 0.2, this is only preferable
to universal pensions by a very small margin.

29



80

Pension taper (w”) Pension taper (w”)

0 (least progressive)
-+ (.5 (benchmark)
- ] (most progressive)

0 (least progressive)
-4 0.5 (benchmark)
-+ ] (most progressive)

60

40

20

% change from benchmark
% change from benchmark

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 020 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Tax progressivity (T%) Tax progressivity (T%)
(a) Aggregate hours worked (b) Aggregate savings

Figure 14: Savings and labour supply effects of reducing tax progressivity at different pension taper
rates

Further, reducing tax progressivity mitigates against distortions arising from progressive pen-
sions. At any given level of tax progressivity, means-tested pensions distort labour supply and
savings. The taper rate is an implicit tax on labour and capital income. Thus, an increase in the
taper rate has a negative incentive effect that discourages savings and work as they face a higher
marginal tax rate on their market income at older ages. At the same time, increasing the taper rate
may have effects via the extensive margin. On one hand, as the taper rate increases, it lowers the
possibility that an individual may be eligible for pension in old age. This possibility could induce
some households to save more. On the contrary, it could also induce some to save less to increase
their chance of being eligible.

Progressive taxation amplifies the negative incentive effect of increasing taper rates. By increas-
ing the taper rate, the implicit marginal income tax rate becomes even more progressive. Thus,
reducing tax progressivity would mitigate against this rise in marginal tax. Further, as explained
in Section 6.1.3, efficiency improvements from lower tax progressivity over the life cycle could lead
to less reliance on pensions. When individuals rely less on pension in old-age, the extensive margin
effects from rising taper rates would thus be less pronounced.

Figure 15a plots the percentage change in aggregate hours worked for three different levels of
tax progressivity as the pension taper rate increases. As the taper rate increases, initially there is
a sharp reduction in hours worked at all levels of tax progressivity. The effect is more pronounced
and prevails till higher taper rates (around w? = 0.6) in the two progressive tax regimes where the
increase in the marginal tax rate would be higher. In contrast, in the flat tax regime, we observe
the positive incentive effect via the extensive margin slightly dominating as the taper rate increases
above 0.4.
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Figure 15: Savings and labour supply effects of increasing pension progressivity at different levels
of tax progressivity

Figure 15b plots the change in aggregate savings as the taper rate increases. At all levels of tax
progressivity, when we initially introduce taper rates, the positive extensive margin effect dominates.
However, in the two progressive tax regimes, the adverse effects due to increasing implicit tax rates
dominate as the taper rate increases beyond 0.4 (in the benchmark economy) and 0.6 (in the economy
with higher tax progressivity). Importantly, when the tax code is flat, the effect of taper rate on

savings plateaus at the very low taper rate of 0.2 due to a reduction in the reliance on pensions.

6.2.2 Pension generosity and tax progressivity

In addition to its progressivity, the desirability of any social insurance program depends on its
generosity. For instance, consider the extreme case where the maximum benefit is a measly $100
dollars per annum. Regardless of whether that benefit is targeted only towards the very poor (a
strict means test) or whether it is tapered so that richer households also receive a fraction of that
$100, it may not provide adequate social insurance compared to a case where the maximum benefit
is $50,000.

In this section, we test whether a less generous pension benefit warrants for social insurance
via progressive income tax (and vice-versa). To do so, we vary the maximum pension benefit p™%*
along with tax progressivity. We index the maximum benefit in an alternative economy to that in

max

the benchmark as p™®* (¢P) where ¢P € {0,0.5,1,1.5}. An increase in ¢P increases the maximum

benefit. When P = 0, there is no pension, when ¢ = 1 it is equal to the benchmark.

Optimal tax progressivity at different levels of maximum pension. Figure 16a tracks the
change in welfare relative to benchmark across the range of tax progressivity 7¥ at the different levels
of maximum pension. Decreasing the generosity of the maximum benefit improves welfare. Such
a reduction results in lower pension expenditure. This in turn lowers the average rate of taxation
(1 — \) at any level of tax progressivity. Thus, households experience welfare gains as their tax
burdens decrease. Yet, this does not warrant a complete shut down of the pension system. As the
figure reveals, low pension benefits (P = 0.5) results in slightly higher welfare compared to when
the pension system is shut down (¢? = 0).

For each of the maximum benefit levels, reducing tax progressivity from the benchmark value of

7Y = 0.2 improves aggregate welfare. However, welfare changes that households experience at the
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very low levels (near optimal) tax progressivity are significantly different between economies with
different levels of pension generosity. Figures 16b-d zoom into welfare changes from 7¥ = 0.06 to
7Y = 0. In all 3 figures, there is a steep increase in CEV 7Y reduces from 0.06 to 0.04. In fact, when
the pension system is shut down, welfare is maximized with a progressive tax system at 7Y = 0.04
rather than a flat tax system. Comparing 16¢ and Figure 16d, we observe that welfare gains from

moving from 7¥ = 0.04 to a flat tax is larger when the pension system is more generous.
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Figure 16: Aggregate welfare at different levels of tax progressivity and maximum pension

6.2.3 Summing it altogether: the optimal tax and pension system

We extend our analysis in Section 6.2.2 further by considering the pension taper rate w¥ at different
levels of tax progressivity and pension benefit. To do so, we examine the CEV relative to benchmark
for different combinations of 7¥ € [0,1], w¥ € [0,1] and ¢? = {0,0.5,1,1.5}. For the sake of
conciseness, we shall focus on the “optimal” combinations of tax and pension progressivity that
maximizes social welfare at each level of maximum benefit ¢P.

Table 6 details the change in welfare and macroeconomic aggregates at the optimal tax and
pension taper rate at each level of pension benefit. Except for welfare and tax rates, all other
variables are expressed in terms of percentage change relative to the benchmark economy. Average

and marginal tax rates are averaged by household and across skill types.
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Table 6: Key statistics at optimal tax progressivity 7Y and pension progressivity w¥* at different
levels pPof maximum pension

oP=0 oF=05 =1 =15

TY* 0.04 0.02 0 0
wY* NA 0.9 1 0.2
Welfare (CEV%)

Aggregate 5.26 5.56 4.94 4.10
Low skilled 2.09 2.96 3.03 2.82
Medium skilled 4.23 4.56 4.02 3.36
High skilled 9.39 9.24 7.96 6.32
Average tax rate % (mean)

Aggregate 5.95 7.34

Low skilled 5.09 6.80

Medium skilled 5.73 7.19 10.92 14.76
High skilled 6.87 7.92

Marginal tax rate % (mean)

Aggregate 9.28 9.10

Low skilled 8.33 8.56

Medium skilled 9.02 8.95 10.92 14.76
High skilled 10.32 9.68

Labour hours (%Abeneh)

Aggregate 20.48 19.72 16.57 14.01
Low skilled 26.60 25.50 20.10 18.09
Medium skilled 21.54 20.68 16.89 14.29
High skilled 16.08 15.63 14.45 11.67
Savings (%Abeneh)

Aggregate 126.13  106.16 7776 46.71
Low skilled 114.95 87.33 58.59 32.38
Medium skilled 120.37 98.69 68.97 39.62
High skilled 144.85  133.70 107.92 70.21

Table 6 shows that in our dynamic general equilibrium economy, the optimal policy mix involves
a slightly less progressive income tax system with 7¢ = 0.02, a highly progressive pension system
with the taper rate w¥ = 0.9 that has a lower pension benefit at P = 0.5.

At all levels of pension benefit and pension taper rate, welfare improves by reducing tax progres-
sivity from our benchmark level of 7¥ = (0.2. Further, this is not only in aggregate, but across all skill
types including the lowest. This suggests that the income tax system in Australia is presently more
progressive than is socially optimal. This is however conditional on the generosity of the pension
system. A reduction in pension benefit results in a social insurance role via a slightly progressive
income tax.

In our general equilibrium economy, any discrepancy between government expenditures and
revenues is financed by raising or lowering the average rate of taxation 1 — A. Hence, reducing the
pension benefit results in lower average and marginal tax rates and consequently, increases welfare.

Unsurprisingly, this is not uniform across skill types. Medium and high skill types gain by reducing
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pension benefits as their tax burden falls significantly (from around 11% to 5-7%). However, low
and medium skill types are better off in the low pension (pP = 0.5) economy compared to the no
pension economy.

Reduction in pension benefit and tax progressivity results in substantial efficiency improvements.
Lower pensions in old age encourage households to work and save more during over the life cycle. In
addition, reducing pension benefits considerably lowers the marginal tax rates at the top. Observe
in Table 6 that even when the tax rate is slightly progressive, the top marginal tax rate does not
exceed 11%. As a result, aggregate savings is 126% higher than benchmark when P = 0 compared
78% when ¢ = 1. The effect of the pension system on labour hours is less pronounced than
savings. Reducing pension benefits increase hours worked only slightly, implying that efficiency

gains in terms of labour is mainly due to lower tax progressivity.

7 Extensions and sensitivity analysis

7.1 Progressive welfare transfers for workers

Our main focus is the interaction between age-pension and income tax. However, it is impera-
tive that we briefly examine the importance of other welfare transfers to our results. In our model
economy, welfare transfers before 65 years are a non-parametric approximation by age and labour in-
come distribution. This provides a suitable approximation of the overall progressive welfare transfer
system that provides social insurance for the majority of the life cycle.

In this section, we examine whether optimal tax system is flat or almost flat because of pro-
gressive transfers. We do this by shutting down the welfare transfer system before 65 years and
repeating our experiments. In order to maintain the income tax code in our benchmark economy
unchanged, we increase general government expenditures G to compensate for zero welfare transfers.

Figure 17 plots the CEV against different progressivity levels in this alternative economy. Aggre-
gate welfare is maximized at 7Y = 0.04. Without welfare transfers, low skilled households maximize
welfare at even higher level of tax progressivity at 7¥ = 0.06. This suggests that welfare trans-
fers play an important social insurance role in the economy. Moreover, it also gives weight to our

previous argument for a flatter income tax given Australia’s highly progressive transfer system.
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Figure 17: Aggregate welfare gains in economy with no welfare transfers < 65 years

Figures 18a-d compare the welfare gains from increasing taper rates at different tax progres-
sivity levels between the benchmark model and the model without welfare transfers. While the
general results that we obtained in Section 6.2.1 are robust to excluding transfers, the welfare gains

from progressive pensions are higher. In the absence of other welfare transfers, increasing pension

progressivity (higher taper rate) becomes even more important at lower levels of tax progressivity.
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Figure 18: Welfare effects of increasing pension progressivity at different levels of tax progressivity
(Benchmark vs. No transfer economies)
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Similar to the pension system, it is reasonable to believe that the structure and progressivity
of other welfare transfers also matter in determining the progressivity of the income tax code.
However, a detailed examination of these aspects require more details in terms of the actual transfers
received by households. An important extension to our analysis of optimal progressivity is to
model the transfer system in greater detail. Since welfare transfers are dependent on demographic
characteristics such as age and family structure, such an analysis requires a model with greater
household heterogeneity. We deem this beyond the scope of this paper and leave it for future

research.

7.2 Labour supply elasticity
1]

In our benchmark economy, household preferences are specified in terms of u(c,1) = T

Under this specification, the Frisch elasticity is given by ﬁ@ which varies over the life cycle
relative to labor supply. Under our benchmark specification, o = 2, the Frisch elasticity of labour
for the average household in our benchmark economy is 2.3.

We consider a higher Frisch elasticity by changing the risk aversion parameter to o = 1.5 (average
Frisch elasticity of 2.7) and a lower elasticity of 1.8 by changing o to 4. In each case, we ensure
that the benchmark economy meets its calibration targets. Figure 19 plots aggregate welfare gains
from reducing progressivity in the economies with these alternative parameterizations. The general
trajectory of the results are robust to alternative labour supply elasticity assumptions.

That is, at both lower and higher Frisch elasticities, we find welfare and efficiency gains by
lowering tax progressivity, lowering tax burden by lowering benefit levels and complementing that
with higher pension progressivity. However, we find that when the magnitude of welfare gains is
highly sensitive to labour supply elasticity. Further, when the elasticity is lower, the gains from

reducing tax progressivity plateau sooner at 7Y = 0.04.
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Figure 19: Aggregate welfare gains with alternative values risk aversion and Frisch elasticity

It is reasonable to expect greater responses to changes in progressivity if labor supply is more
elastic - that is, households increase their hours worked by a larger amount. Similarly, a lower
(higher) o also implies that household savings would be more (less) responsive to changes in tax

progressivity. This is evident in Figure 20a and b where we plot the increase in aggregate hours
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worked and savings against decreasing tax progressivity. As the Figure shows, the responsiveness

household savings to changes in progressivity is more sensitive to alternative values of ¢ than hours
worked.
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Figure 20: Changes in aggregate hours worked and household savings with alternative values of risk
aversion and Frisch elasticity

We also check the robustness of changing the maximum pension and taper rate with these
alternative parameterizations. Table 7 summarizes key statistics at the optimal combination of
tax progressivity and pension parameters in the three alternatives. The column in boldface lists
the values from our benchmark model. We find that the optimal pension system is robust to the
alternative assumptions on labour supply elasticity. In contrast, when labour supply elasticity is
higher (o = 1.5), even at the optimal strict means-tested pension system with lower benefit levels,
the optimal tax system is a flat tax. When labour elasticity is lower (o = 4), we find that it is

socially desirable to have a tax system that is more progressive than our benchmark results.

Table 7: Optimal progressivity and taper rate under alternative labour supply elasticities

c=15 o0=2 o=4

Tax progressivity 7Y* 0 0.02 0.06
Pension taper rate w¥* 1 1 1
Pension level P 0.5 0.5 0.5
Welfare (%CEV) 6.32 5.56  3.22
Savings (%A) 129 106 71
Hours (%A) 21 20 16

8 Conclusion

We examine to what extent the progressivity in the income tax and public pension systems could
complement each other. We use Australia as a case study as it has an unique fiscal system design
that combines highly targeted means-tested pension and progressive income tax. We first document
empirical facts on tax and pension progressivity in Australia, using administrative tax data of
millions of Australians from 1991 to 2019. We then examine the interaction between income tax
progressivity and pension progressivity using a dynamic general equilibrium, overlapping generation

model model featured with the Australian fiscal policy settings.
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Our main results show that, given its highly progressive pension system, the model economy gains
welfare and efficiency improvements from reducing tax progressivity. As tax progressivity decreases,
social insurance via progressive pensions becomes more critical. With a flat tax, the optimal pension
system has a strict means-test (the most progressive). The economy experiences further welfare
improvements with a lower maximum pension. However, when pension is less generous, a slightly
progressive income tax is socially desirable relative to a completely flat tax.

These findings highlight that more generally, a redistributive tax and transfer system can be
improved by addressing redistribution concerns directly through more progressive transfers while
improving efficiency by reducing tax progressivity. [t also affirms a general conclusion that the
optimal tax system is contingent on a welfare transfer system’s design. Governments interested in
flattening the income tax code should give careful consideration to the design and generosity of
the welfare transfer system to mitigate any reduction in the social insurance role of the income tax

system. Policy reforms that shift the social insurance/redistribution role embedded in the tax.
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Appendices: Further details to the main paper

A An overview of the Australian personal income tax system

A.1 Overview

Australia ranks among those countries with the lowest overall tax burden (as measured by total tax
revenue as a percentage of GDP). The personal income taxes are the most important revenue source
of the Australian tax system. The tax revenue collected from personal income as a percentage of
GDP has been considerably higher than the OECD average since 1972. Compared to the OECD
average of around 33 per cent for the years 2004 — 2016, tax revenue as a percentage of GDP for
Australia was around 28 per cent for the period. However, taxes paid on personal income as a
percentage of GDP has been around 12 per cent on average compared to the OECD average of
around 8 percent between 2004 — 2016. The personal income tax accounts for nearly 40 per cent
of all tax revenue, which is the second highest among the OECD countries after Denmark (OECD
2018)

A comprehensive tax reform was the introduction of A New Tax System (Goods and Services
Tax) Act in 1999. This Act introduced a new tax on consumption called Goods and Services Tax
(GST), and also allows for a series of personal income tax cuts in 2000s. Fundamentally, this reform
shifts the tax base away from income more towards consumption. The GST Act claims to enhance

the overall efficiency and effectiveness of Australia’s tax system.

A.2 Components of the personal income tax

The core components of the Australian personal income tax system includes personal income taxes,
levies, concessions and offsets.

Income tax. Regular income tax is paid on an individual’s total income less any expenses
(deductions) incurred in generating that income. Individual tax payment /liability is determined by
a schedule of marginal tax rates and thresholds. The tax schedule is progressive with a tax-free
income threshold followed by increasing marginal tax rates at subsequent thresholds. While the
primary tax schedule is fairly simplistic, a large array of levies, concessions and offsets which are
often subject to different rates, thresholds, taper rates and means tests add a layer of complexity
to the income tax system.

Levy. Levy is generally linked to funding a particular government expenditure. Levy increases
tax liability on top of the amount of tax from the standard tax schedule. The main permanent levy
is the Medicare levy, which is applied at a flat rate on the entire taxable income beyond a certain
income threshold. The threshold and related taper rates are subject to demographic characteristics
including relationship status and the number of dependents. In addition to the Medicare levy, there
is a levy surcharge applied to those individuals with income above a specified income threshold
without private health insurance.

Concession. The Australian income tax system also has a variety of concessions and offsets.
Primarily, concessional treatment applies for certain income from saving such as superannuation
or capital gains and from certain types of business income such as capital gains tax concessions

targeted to small business.
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Offset. The main tax offset is the low-income tax offset (LITO). The LITO is available in
full for individuals below a specified low income threshold, and then gradually tapered above that
till a specified high income threshold. In addition to the LITO, there are a number of tax offsets
that apply to specific demographic groups such as the senior Australians and pensioners tax offset

(SAPTO) and the employment termination payments tax offset Hodgson (2014).

B Description of ATO Longitudinal Information Files (ALife) data

B.1 Data and sample composition

We use data from ATO Longitudinal Information Files (ALife) 1991-2019. ALife consists of confi-
dentialised unit records of individual income tax returns from the Australian Tax Office (ATO). It
is based on a random sample of the total population of individuals on the ATO’s 2016 client register
as described in Abhayaratna, Carter and Johnson (2021). Each subsequent year, a 10% sample of
all new individuals who are added to the client register is randomly selected.

Our unit of measurement is an adult individual who legally pays taxes in Australia. The in-
dividual tax filer is tracked over time by their unique client identification. Individual information
available in Tax Return forms, Super Member Contribution Statements (MCS) forms and the Self
Managed Superannuation Fund (SMSF) annual returns are included in ALife, including age, gender,
geographic location and occupation. In the current standard release of ALife, there is no partner
identifier.

Tax return forms consists of annual financial-year’s incomes, deductions, tax rebates and offsets,
medicare levy and surcharge and other tax information from the individual tax returns. In years
where a tax return was not lodged, the individual’s information for that year is missing in ALife.

Our analysis uses cross-sectional data from 1991-2019. In each year, we exclude those who earned
negative pre-government income from our sample. Table 8 provides the number of individuals in
our sample for 1991, 2010 and 2019.

Table 8: Frequency of individuals - ALife data and sample

Year Data Sample % Included

1991 983,476 736,584 75
1995 1,012,619 770,549 76
2000 1,076,254 838,057 78
2005 1,203,103 897,518 75
2010 1,338,919 976,303 73
2019 1,530,918 1,185,275 7

The sample for each year is quite balanced between males and females, with males composing
of 50%-55% of individuals. The proportion of females in the sample steadily increases from 45% in
1991 to 49% in 2019 (Table 9). The age distribution is fairly constant across all years and genders

with the mean age for both males and females are around 40 (SD = 15).

B.2 Income, tax and pension concepts

We rely on 2 main income concepts. The first is market income which is the sum of total labour and

total capital income. We use market income as the base income concept for our distributional anal-
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Table 9: Frequency and age distribution of males and females in selected years

1991 1995 2000 2010 2019

Gender

+ Male (%) 55 55 54 54 51

+ Female (%) 45 45 46 46 49

Age

+ Male Mean 41 41 42 41 42
SD 15 15 15 14 15
Median 38 39 40 40 40

+ Female Mean 40 41 42 41 42
SD 15 15 15 14 14

Median 38 38 40 40 40

ysis. That is, income shares, pension shares, tax shares and their related concentration coefficients
are calculated by ordering individuals by market income.

The second income concept is taxable income. In Australia some welfare transfers including
age-pension is taxable. We use taxable income as the base income concept when estimating the
parametric tax function. In doing so, we make a further restriction on the sample to exclude
all income below the statutory tax-free threshold for a given year. We impose this restriction
as including incomes below the threshold results in over-estimating tax rates at the bottom and
under-estimating tax rates at the top.

We take income tax liability directly from the net tax (“tc_net tax”) variable included in the
data. This measures income tax liability of an individual after deducting all eligible deduction, tax-
offsets and credits. Pension is calculated using government pensions and allowances in the data. For
each year, we use the pension eligibility age to infer whether that payment is age-pension or whether
it is another type of government transfer. All income, tax and pension variables are expressed in

real 2019 Australian dollars by adjusting for inflation using the consumer price index.

B.3 Tax and pension statistics 1991-2019

In this section we summarize tax and pension statistics from 1991-2019. Table 10 compares average

market income, income tax and pension by quantile of market income between 1991, 2010 and 2019.

Table 10: Average income, tax and pension by quantile of market income 1991, 2005, 2019

Market income Income tax Pension
1991 2005 2019 1991 2005 2019 1991 2005 2019
Quintile 1 5,998 9,295 7,901 379 716 262 1,062 412 893

Quintile 2 | 24,941 30423 31,371 | 3,024 3,994 2495 | 146 235 252
Quintile 3 | 41,726 47,811 51418 | 6,709 8848 7542 | 17 73 57
Quintile 4 | 56,643 67,394 74,679 | 11,759 14,527 15259 | 6 23 15
Quintile 5 | 94,916 133,844 155,449 | 25442 38499 45578 | 5 14 10

Top 10% | 116,558 177,189 206,979 33,052 55,116 65,567 5 17 9
Top 1% | 250,535 514,100 601,027 | 70,861 181,830 226,107 9 6 12
Top 0.1% | 608,582 1,671,701 2,116,809 | 143,576 598,681 818,022 | 42 - 13

Table 11 compares shares of market income, income tax and pension by quantile of market
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income between 1991, 2010 and 2019.

Table 11: Shares of income, tax and pension by quantile of market income 1991, 2005, 2019

Market income Income tax Pension
1991 2005 2019 | 1991 2005 2019 | 1991 2005 2019

Quintile 1 3 3 2 1 1 0 86 54 73
Quintile 2 | 11 11 10 6 6 4 12 31 21
Quintile 3 | 19 17 16 14 13 11 1 10 5
Quintile 4 | 25 23 23 25 22 21 0 3 1
Quintile 5 | 42 46 48 54 58 64 0 2 1
Top 10% 26 31 32 35 41 46 0 1 0
Top 1% 6 9 9 7 14 16 0 0 0
Top 0.1% 1 3 3 2 4 6 0 0 0

C Measuring tax progressivity

In this section we provide more a detailed description of the analytical framework that we rely on
to measure tax progressivity. In general, there is no consensus on how to measure the progressivity
of an income tax system. The variety of measures can be classified into two main approaches: one
based tax liability progression and one based on tax liability distribution. The former measures
tax progressivity in terms of tax elasticity as income progresses, namely tax progression metric or
tax progression-based measure. Meanwhile, the latter measures tax progressivity in terms of tax
liability shares relative to income shares across income distribution, namely tax distribution metric
or tax distribution-based measures.

C.1 Tax progression metric

In a progressive tax system, tax liability rises with income. The progressive level of a tax system
can be measured in terms of tax progression at a given income level, which has a long standing in
public finance going back to Pigou (1929) and Slitor (1948). Musgrave and Thin (1948) summarise

three common measures of the tax progression approach in Table 12.

Table 12: Progression measures of tax progressivity

Definition Formula Progressive Regressive
Average rate progression The change in average tax rate ot

with change in pre-government income. %y >0 <0
Liability progression Elasticity of tax with respect ar .y -1 <1

to pre-government income. 9 T
Residual income progression Elasticity of residual income oy-T)  _y <1 -1

with respect to pre-government income. %
Note: T denotes the total tax liability and y is pre-government income.

Note that, these three measures of tax progressivity are consistent with each other and can be
intuitively interpreted through the lens of tax elasticity with respect to income.

The tax progression approach measures tax progressivity in terms of the elasticity of tax liability
at a given income level. According to this measure, a more progressive tax system is simply one

where the level of tax liabilities progresses with income at a more rapid rate than in a less progressive
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tax system. Consider an individual at an income level y. The elasticity of tax liability with respect

to income is

9Ty
oy T

The income tax schedule is progressive if the elasticity of tax liability is greater than unity, € > 1.

Let m (y) = %5 and t(y) = % denote marginal tax rate and average tax rate, respectively. The

(22)

elasticity of tax liability can be expressed in terms of a ratio of marginal tax rate to average tax

rate as € = M.

t(y)
This ratio implies an interpretation of tax progressivity. That is, the income tax schedule is
progressive if the additional tax burden on an additional unit of income exceeds the average tax
burden at that income level

W) Sy e m(y) —ty) >0 (23)

t(y)

Intuitively, an income tax system is progressive if the marginal tax rate is higher than the average
tax rate and becomes more progressive when the gap between marginal and average tax rates,
m (y) —t (y), is relatively larger.

A parametric tax function. The elasticity of tax liability can be calculated by assuming a
parametric tax function summarizing the complicated structure of taxes in easy-to-interpret and
an easy-to-use parametric form. We consider a parametric tax function that maps pre-government

income to post-tax income as

g =My, A>0, 0<(1—-7Y)<1 (24)

where ¢ is post-tax income, y is pre-government income, A is a scale parameter that controls the
level of the tax rate and 7Y is a curvature parameter that controls the slope of the function. This
function is commonly used in the public finance literature (e.g., Jakobsson (1976), Persson (1983)
and more recently, Heathcote, Storesletten and Violante (2017)). 7

Using this function, we can work out the total tax payment 7" and the average tax rate t (y) as

a function of pre-government income y as

T=y— ™ and t(y)=1— Ay~ """

The elasticity of tax liability can be expressed in termed of the adjusted gap between marginal

and average tax rates as
my) —tly) _ (25)
1—1(y)

According to the interpretation of tax liability progression in Musgrave and Thin (1948), 7¥ is a
measure of the progressivity level in the tax schedule. When marginal tax rate is identical to average
tax rate, 7Y = 0, it implies a proportional income tax system. When marginal tax rate is higher
than average tax rate, 7¥ > 0, the elasticity of tax liability is greater than unity and the income tax
schedule is progressive.

Alternatively, the elasticity of residual income with respect to pre-government income is given
by

"The parametric function approach also provides valuable inputs for quantitative studies of fiscal policy in models
with heterogeneous agents. Krueger, K and Perri (2016) provide a review of this literature.
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L=m@) 4 (26)
1—t(y)
According to the interpretation of residual income progression in Musgrave and Thin (1948), (1 — 7Y)
is the measure of residual income progression (see the third row of Table 12). An increase in the
elasticity implies a reduction in progressivity and vice-versa. A tax system with a lower (1 — 7Y) is
more progressive than one with a higher (1 — 7Y).
Thus, the curvature parameter 7¥ can be used to a measure of how progressive a income tax
system is. Note that, the elasticity approach to measuring tax progressivity can only give an
indication of progressivity at a given point on income distribution. This can be viewed as a local

measure of tax progressivity that is dependent on the income level.

C.2 Tax distribution metric

The tax distribution approach account for changes in income distribution over time that potentially
affects tax progressivity. The tax distribution approach measures tax progressivity in terms of the
tax liability distribution relative to the income distribution. This approach accounts for both the
income tax schedule and income distribution in one measure.

We specifically consider a more general index that takes into account both the income tax
schedule and the underlying distribution of income (e.g. see Pfahler (1987)). There are two common
global measures that take this perspective: Kakwani index (KKakwani (1977)) and Suits index (Suits
(1977)). Both indices examine the extent to which the tax system deviates from proportionality by
comparing the distribution of pre-government income with the distribution of tax liabilities ordered
by pre-government income. Intuitively, these two indices measure how tax liabilities are distributed
across the income distribution. A more progressive tax system is simply one where the tax liabilities
are distributed more unequally toward the higher end of the income distribution.

To formally define these two indices, we first define the cumulative distribution function and
the associated concentration curves. Let Y represent pre-government income and 7' represent tax
liabilities where both are non-negative and continuous random variables where T' = f (y). Let uy
and pr be the means of the pre-government income and tax liabilities respectively. The cumulative
distribution function (c.d.f.) is p = Fy (y),0 < p < 1. Thus, the Lorenz curve of pre-government
income is defined as Ly (p) = u;l I3 v (z) dz where y (p) is the pth-quantile of the pre-government
income distribution. The tax concentration curve is defined as Ly (p) = pugp' J3 t (@) da where
t(p) = fly(p)]. Figure 21(a) illustrates the Lorenz curve and the tax concentration curves.

The areas under the curves give the concentration index for each respective curve. As such, the

concentration index for pre-government income is

1 rp
Gy:1—2,uyl/0 /0 y(x)dx (27)

and the concentration index for tax liabilities is

1 rp
GT:1—2M;1/O /O t(z)dx (28)

Kakwani index measures the deviation from proportionality by measuring the difference be-

tween the two concentration indices.
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Figure 21: Tax concentration curves, Kakwani index and Suits index
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If each individual’s income share is equal to her tax share, the two concentration curves will
be equal such that Gp = Gy — K = 0 and the tax system is proportional. If tax shares exceed
income shares, the concentration curve for tax will be more convex compared to the concentration
curve for income such that K > 0 indicating a progressive tax system. Similarly if K < 0, the tax
system is regressive such that the tax share for each respective individual is lower than the income
share.

Suits index takes a different approach but uses the same concept of tax shares relative to
income shares. Instead of relying on two concentration curves, the index relies on the relative
concentration curve of taxes. The curve plots the cumulative proportion of tax liabilities ordered
by pre-government income against the cumulative proportion of pre-government income. The 45
degree line indicates proportionality where tax shares equal income shares. A curve below the line
indicates a progressive system where tax shares increase with rising income shares and vice-versa.
The Suits index is the area between the 45-degree line and the relative concentration curve. The
index ranges from -1 for the most regressive tax possible to +1 for the most progressive tax possible,

and takes the value zero for a proportional tax. This is expressed as

1
5=2 /0 - Lo (q)] dg (30)

where Lr (q) is the relative concentration curve for tax liabilities where ¢ = Ly (p),0 < ¢ <1

is the value of the Lorenz curve for pre-government income associated with the population rank p.
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