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Abstract

The scal challenges owing to the pandemic, natural disasters, low population growth
and an ageing population means that Australia faces decades of debt and deicit. Given this
context, we examine the extent to which the Australian government could nance its pension
and other expenditures, and its debt through changes to the tax system. Using a dynamic
general equilibrium overlapping generations model with skill heterogeneity and uninsurable
labor productivity risk, we simulate various changes to the tax system to estimate Laer
curves of tax revenue against tax rates and other tax parameters. Our focus is on the peak
of the Laer curves beyond which further changes lead to declining revenues (scal limit);
and the maximum potential revenue at the peak compared to the status quo (scal space).
Specically, we analyse changes to the progressivity and scale of the income tax system,
consumption tax rates and company income tax rates. Of these taxes, a at income tax
system has the potential to raise the most revenue. Depending on the degree of openness of
the economy, the scal limit of Australia's income tax system is a at tax rate between 50%
under closed economy assumptions and 75% under perfect capital mobility. This represents
a scal space between 81% - 121% of current tax revenue levels.
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1 Introduction
After decades of favorable economic conditions, Australia has been experiencing signicant
pressures on its scal system since the Global Financial Crisis (GFC). The aftermath of the
GFC brought about a decrease in the underlying cash balance from a surplus of 1.7% of GDP
in 2007-08 to a decit of 4.2% by 2010-11, and a corresponding increase in net debt from -3.4%
to 6.4%. Since then, net debt has increased at an exponential rate reaching 24.8% of GDP in
2019-20 (Australian Government, The Treasury, 2020). Catastrophic bush-res at the end of
2020 and the current COVID-19 pandemic has immensely amplied the scal burden. Recent
forecasts estimate the cash decit at 11% of GDP in 2020-21 with net debt at 36.1% which is
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expected to increase further to over 40% in the following three years .
In this context, it is important now more than ever to examine the potential and limits of
Australia's tax system to generate the revenue required to ensure long-term scal sustainability.
In this paper, we examine the general equilibrium eects of aiming to maximize total revenue
via the three main tax components of the Australian tax system - personal income tax (income
tax), consumption tax and company income tax (company tax). For each of these taxes, we
quantify the maximum revenue that can potentially be raised by increasing the respective tax
rate. In the case of income tax, we also examine the implications of changing the progressivity
of the income tax code.
We carefully examine these revenue implications with the aid of Laer curves that map tax
rates to total revenue.

In this regard, we focus on two main concepts - (1) scal limit and

(2) scal space. The scal limit of a tax component is the tax rate at the peak of the Laer
curve where total tax revenue reaches a maximum. The dierence between the maximum total
revenue and the current (benchmark) revenue level quanties the scal space. For each tax, our
main focus is on total revenue from all taxes rather the revenue from a specic tax. That is
based on the premise that in general equilibrium, increasing the rate of one tax could potentially
aect the revenue raised by all other taxes.
Acknowledging the importance of these general equilibrium eects, our paper relies on a
dynamic general equilibrium, overlapping generations (OLG) model calibrated to match key
features of the Australian economy. Our model includes (1) heterogeneous households who dier
by their earnings ability (skill type) and are subject to uninsurable idiosyncratic labor income
risk, (2) production sector represented by a single rm and (3) government sector that nances
a means-tested age pension system, other public transfers, general government purchases and
debt by imposing a consumption tax, company income tax and personal income tax.
Australia provides an interesting case to examine the general equilibrium eects of revenue
maximization due some notable dierences in its economy compared to larger economies such
as the United States or Russia. First, Australia is a small open economy with relatively low
restrictions on capital ows across its borders.

We model our benchmark as a small open

economy with perfect capital mobility. Our results show that free movement of capital across
borders can mitigate or amplify the eects of rising tax rates on capital and labour markets. In
turn, they can aect the scal space and scal limit. We examine the role of capital mobility in
revenue maximization by comparing our benchmark results with the opposite case of a closed
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Trends in nebt debt and government decit for Australia are included in the Appendix.

2

economy with no capital mobility.
Second, in contrast to the US where labour income is with a progressive tax code while capital income is taxed seperately, the Australian income tax system taxes both labour and capital
incomes jointly under a single progressive income tax. In addition, compared to other developed
countries, Australia relies more heavily on income tax to generate revenue (Australian Government, The Treasury, 2015). Personal income tax accounts for nearly half of total government
revenue at 47.2% in 2019-20 (Australian Government, The Treasury, 2020).We approximate
the Australian income tax code using a parsimonious two parameter tax function commonly
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used in the public nance literature going back to Jakobsson (1976) and Persson (1983) . One
parameter determines the level of average tax rates (tax level) while the other controls the tax
function's curvature.

This approximation captures the tax code's main features such as the

tax-free threshold and the average tax rates at dierent taxable income levels. Also, it accounts
well for the distribution of income tax liabilities across the taxable income distribution.
In both open and closed economy specications of our model as well as in our sensitivity
analysis, we nd that personal income tax has the potential to generate the most revenue.
In the open economy, income tax generates a scal space of 121% compared to 113% from
consumption tax and 10% from company tax. In the closed economy, income tax generates a
scal space of 81%, company tax generates a scal space of 21% while that from consumption
tax remains unchanged. This is because foreign capital inows mitigate against negative eects
of rising income tax rates on the macroeconomy and while amplifying the negative eects of
rising company tax rates.

In the case of income tax, foreign capital inows substitute for a

decline in household savings due to higher income tax. In contrast, higher company tax rates
serve as a direct disincentive for foreign investments.

Related literature.

Our paper contributes to the growing literature on the relationship

between tax rates and tax revenues in quantitative macroeconomic models. Table 1 summarizes
recent notable papers from this strand of literature that is similar in focus and approach to ours.
Trabandt and Uhlig (2011) characterize the shape of the Laer curve for labor and capital
income tax rates in a one-sector growth model with an innitely lived representative household.
However, in contrast to the other papers in Table 1, they do not account for the non-linear
structure of taxation.
The majority of papers that explicitly deal with non-linear taxes focus on the top marginal
tax rate.

The motivation for these papers typically center on the propositions from static

optimal tax literature for higher tax rates at the top - in particular, Diamond and Saez (2011)
that calls for a revenue maximizing top tax rate of 73%. Using an OLG model with endogenous
human capital investment, Badel, Huggett and Luo (2020) quantify the eects of high marginal
labor income tax rates on aggregate economic activity, wage inequality, revenue and welfare.
They nd that the Laer curve for the top tax rate occurs at a much lower rate (49% with
endogenous human capital and 59% with exogenous human capital).
In contrast, Kindermann and Krueger (2020) nds a higher top tax rate in a similar model
but with dierent assumption on the productivity of top earners. Both papers examine changes
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This tax function has more recently been put forward in the dynamic general equilibrium literature by

Benabou (2002) and Heathcote, Storesletten and Violante (2017b) and is commonly known as the HSV tax
function.
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Table 1: Selection of quantitative dynamic taxation literature investigating tax rates and revenues
Tax type

Model

Tax func-

Public transfers

tion/approach

Revenue
maximizing result

Kindermann

Labor

- OLG.

- Piece-wise

- PAYG social

Argues for higher

and Krueger

income

- Uninsurable

(dierent

security

top tax rates

labor

marginal tax

(92% in steady

productivity risk.

rates for high and

state).

- Exogenous

low earners).

Driven by large,

education types.

- Change

persistent but

marginal tax rate

mean-reverting

at the top.

productivity

(2020)

shocks.
Badel,

Labor

- OLG

-Badel and

- Lump-sum

Lower top tax

Huggett and

income

- Uninsurable

Huggett (2017)

transfer to all

rate (49% with

labor

formula.

agents.

endogenous

productivity risk.

- Change tax

human capital,

- Endogenous

rate.

59% with

Luo (2020)

human capital

exogenous human

(high skilled are

capital).

disproportionately high
earners).
Holter,

Labor

- OLG

- HSV tax

- Per capita

Laer curves vary

Krueger and

income

- Family

function.

transfers.

due to varying

Stepanchuk

structure

- Vary average

- PAYG social

progressivity in

(2019)

- Uninsurable

level of taxation

security.

dierent

labor

at dierent

- Unemployment

countries.

productivity risk.

progressivities.

benets for

US: Revenue

- Endogenous

women that work

increases by 63%

human capital

zero hours.

when current tax
code is replaced
by a at tax rate
of 60%.

Guner,

Labor

- OLG.

- HSV tax

- PAYG social

- Marginal

Lopez-Daneri

income

- Uninsurable

function.

security

increases in tax

and Ventura

labor

- Increase

revenue by

(2016)

productivity risk.

progressivity to

making tax

- Exogenous

shift the burden

function more

education types.

towards top

progressive.

earners.
Trabandt and

Labor and

- Innitely lived

- Household takes

- Labor income

Uhlig (2011)

capital

representative

- Flat taxes.

government

tax: peaks

income

agent.

consumption and

between 50-70%.

- Extensions:

lump sum

- Capital income

endogenous

transfers.

tax: peaks

human capital,

between 48-64%.

heterogeneous
agents.
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3 with dierent marginal tax rates at dierent

to tax rates using a piece-wise linear tax function

income levels, and examine changes to the top marginal tax rate while taking the rest of the
income tax code as given.
Although their focus is also on labor income tax rates at the top, Guner, Lopez-Daneri and
Ventura (2016) is closer to this paper in approach.

They approximate the US labor income

tax code using the same two parameter tax function that we use (referred to in the literature
as the HSV tax function after Heathcote, Storesletten and Violante (2017b)). They examine
increasing top tax rates by increasing the curvature of the tax function and making it steeper.
They nd that making the US labor income tax code more progressive results in very small
increases in revenue.
In contrast to the other papers in Table 1, Holter, Krueger and Stepanchuk (2019) is closer
in focus to ours as they examine the overall labor income tax code rather than the maximal top
tax rate. They examine the impact on tax revenue from varying both the level of taxation and
the progressivity of the tax code. They nd that revenue is maximized under a at tax code with
an average tax rate of around 60%. Our experiments on the revenue maximizing progressivity
of the Australian income tax code yields the proposal for a at income tax. Moreover, under
closed economy assumptions, the tax rate at the peak of our Laer curve is 60%.
A large proportion of papers in the dynamic taxation literature including Holter, Krueger
and Stepanchuk (2019) focuses mainly on the US where labor and capital incomes are taxed
under two separate tax codes. A major dierence in our paper is that we examine the Australian
context where both labor and capital incomes are taxed under the same tax code.

Thus,

although our tax function is similar in form to Guner, Lopez-Daneri and Ventura (2016) and
Holter, Krueger and Stepanchuk (2019), it is dierent in terms of the taxable income. Moreover,
we impose a non-negativity constraint such that we exclude any net transfers from the tax
function. Instead, we approximate the Australian public transfer system separately from the
tax system.

In particular, we include the means-tested age pension system.

This is another

distinction from dynamic general equilibrium models of the US economy that has a PAYG social
security system.
By examining the income tax code in the Australian context, we contribute to the growing
body of research on the impacts of scal policy reforms in Australia that are analyzed using
general equilibrium OLG models which incorporate the behavior of households and rms (e.g.,
see Kudrna and Woodland (2011), Tran and Woodland (2014) and Kudrna and Tran (2018)).
Our paper follows the general policy theme of Kudrna and Tran (2018) who examine the welfare
eects of various scal consolidation plans.
Among the various consolidation plans, Kudrna and Tran (2018) consider temporary increases in income tax by adjusting the scale of the progressive income tax function to nance
reductions in government decit. However, their focus is on the transition to a balanced budget, rather than examining the design of the income tax code that would maximize government
revenue. We add to their contribution by examining the scal limits of the Australian income
tax code in greater detail by analyzing the impact of its design on government revenues in the
long run.
The paper is structured as follows. In Section 2 we set up our dynamic general equilibrium
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Badel, Huggett and Luo (2020) approximates the piece-wise tax function with a polynomial.
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OLG model used for our analysis, and provide details of our calibration in Section 3. In Section
4, we explain our computational experiments and present the results of our main experiments.
We put our results in perspective in Section 5, highlighting that the reason for the scal limit in
our result at a very high tax rate of 75% is mainly due to the advantages of being a small open
economy.

We contrast our main results with that of a closed economy.

Next we summarize

robustness checks in Section 6. Prior to conclusion, we present some further considerations that
are important in a real policy context in Section 7. Section 8 oers some concluding remarks.

2 Model
We construct a large-scale overlapping generations model in the spirit of Auerbach and Kotliko
(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 Tran and Woodland (2014). Similar to other OLG models of the Australian economy,
our benchmark is modeled under small open economy assumptions, and consider implications
of perfect capital mobility in our sensitivity analysis.

2.1 Demographics
The model economy is populated by

14

overlapping generations aged

20 − 90

years. One model

period corresponds to 5 years. In each period, a new generation aged 20 enters the model and
faces random survival probability

ψj

with a maximum age of

89

years. We assume a stationary

demographic structure such that the fraction of population of age
by

µj =

µj−1 ψj
(1+n) , where

n

at any point in time is given

is the constant rate of population growth.

Each cohort consists of

{very

j

5

exogenous skill types that are based on education level

low, low, medium, high, very high}.

% ∈

Those whose highest education attained is below

high school are classied as very low skilled and those with high school but no further qualication are classied as low skilled. Those with a further tertiary training but without a graduate
level qualication are classied as medium skilled. Graduates are dened as high skilled and
those with post-graduate qualications are dened as very high skilled. These classications
capture dierences in life cycle earnings proles in Australia.

2.2 Endowments and preferences
Endowments.
productivity

In each period, households are endowed with 1 unit of labor time with labor

e (j, %, ηj )

where

ηj

process with a transition matrix
is given by

w · e (j, %, ηj ).

and mortality risk.

is a stochastic component that follows a Markov switching

π%,j (ηj+1 |ηj ).

The wage a household faces in the market

Thus, households face two types of risk - idiosyncratic wage risk

As per Bewley (1986) and Huggett (1993) we assume that these cannot

be explicitly insured. Rather, households self-insure against them by accumulating a stock of
private assets

aj

that earns interest income at a risk-free rate

Household income and net transfers.

r.

The household's market income thus includes

labor income and capital income given by
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yj = w · e (j, %, ηj ) · (1 − lj ) + raj

(1)

In addition to market income, households obtain public transfers
pendent on skill type, level of stochastic shock
pension

P (aj , yj )

ηj

and age

j.

stj (%, ηj , j)

that are de-

They are also entitled to a public

that is dependent on their asset and market income. These transfers from

the government are explained in detail in section 2.4. Households also pay consumption tax at
the rate

τc

on their consumption

Preferences.

cj

and income tax

t (yj )

on their market income.

Households have preferences over stochastic streams of consumption

cj

and

leisure lj . In addition to the precautionary savings motives, following De Nardi (2004) we assume
households have a warm glow bequest motive determined by the function

φ (b)

(explained in

more detail in Section 3). This is dependent on survival probability ensuring that all assets are
not completely consumed in old age. The role of the bequest motive in our model is to match
individual's life cycle behavior. However, for simplicity, we abstract from any inter-generational
links between parents and children.
Let the state of the household at age

j

be

χj = (j, %, ηj , aj ).

Given time invariant prices,

taxes and transfers, the household problem is written recursively as

V j (χj ) =





X
u (cj , lj ) + β ψj+1
π%,j (ηj+1 |ηj ) V j+1 (χj+1 ) + (1 − ψj+1 ) φb (aj+1 )
max

cj ,lj ,aj+1 
ηj+1

subject to:

aj+1 =

1
[aj + ej (1 − lj ) w + raj + bj + stj + P (aj , yj ) − t (yj ) − (1 + τ c ) cj ]
1+g

aj ≥ 0,

0 < lj ≤ 1

(2)

where individual quantity variables except for labor hours are normalized by the steady
state per capita growth rate

g.

2.3 Technology
We assume a representative, competitive rm that hires capital

H

K

and eective labor services

(human capital) to operate the constant returns to scale technology

A≥0

Y = AK α H 1−α ,

parameterizes the total factor productivity which grows at a constant rate

the capital share of output. Capital depreciates at a rate

δ

g

where

and

α

is

in every period. The rm choose

capital and labor inputs to maximize its prot given rental rate

q

and the market wage rate

w

according to

max
K,H

where

τ f ∈ [0, 1]

n

o

1 − τ f AK α H 1−α − wH − qK

(3)

is the company income tax rate. The rm pays tax on a portion of its

income denoted by its revenue minus wages.
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2.4 Fiscal policy
Government revenues.

The government nances its scal programs by collecting tax revenue

via a personal income tax

t (yj ),

f
income tax at the rate τ

∈ [0, 1]

a tax on consumption at the rate

τ c ∈ [0, 1]

and a company

(explained in the previous sections).

The government levies a progressive income tax on market incomeyj that includes both
labor income and capital income.

We approximate the Australian personal income tax code

using the following parametric tax function.



t (yj ) = max 0, yj − λyj1−τ

(4)

The parametric tax function is commonly used in dynamic general equilibrium tax literature
such as Benabou (2002), Heathcote, Storesletten and Violante (2017a) and Guner, Lopez-Daneri
and Ventura (2016). The parameter

τ

determines the curvature of the tax function and thus,

the degree of progressivity of the tax code. The parameter

λ

determines the average level of

income taxation in the economy. We explain the tax function in greater detail in Section 3.5.
Total government revenue is given by

T ax =

X

t (yj ) µ (χj ) +

j
where

µ (χj )

X

t (cj ) µ (χj ) + τ f AK α H 1−α − wH

(5)

j

is the measure of agents in state

Public pension.



χj .

One of the key features of the Australian social security system is the

means-tested pension system which targets households with low income and assets during oldage. The system is not universal and is funded via general government revenues. Households
are eligible for pension upon reaching the age threshold
The amount of pension benet

P (aj , yj )

jP

.

is given by


min {P a (a ) , P y (y )}
j
j
P (aj , yj ) =
0
such that

where

ā1




pmax


P a (aj ) = pmax − ωa (aj − ā1 )



0
and

ā2 = ā1 + pmax /ωa

if

j ≥ jP

(6)

otherwise

if

aj ≤ ā1

if

ā1 < aj < ā2

if

aj ≥ ā2

are the asset thresholds and

ωa

(7)

is the asset taper rate.

and



pmax


P y (yj ) = pmax − ωy (yj − ȳ1 )



0
where

ȳ1

and

ȳ2 = ȳ1 + pmax /ωy

Other public transfers.

if

yj ≤ ȳ1

if

ȳ1 < yj < ȳ2

if

yj ≥ ȳ2

are the income thresholds and

ωy

(8)

is the income taper rate.

In addition to the pension system, we approximate all other

public transfers to households in order to closely reect the breadth of the social welfare system
in Australia. Other public transfers are given by
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stj (%, ηj , j)

such that they are dependent on

skill type, level of stochastic shock

ηj

and evolves over age

j.

This closely approximates the

progressive nature of the transfer system, as well as changes in the level of transfers by the age
of households.

Government budget constraint.

In addition to the social welfare system explained

above, the government also spends an amount

G

on general government purchases.

Total

government expenditure is nanced 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

T ax =

X

P (aj , yj ) µ (χj ) +

X

j

stj (%, ηj , j) µ (χj ) + G + rD

(9)

j

The government has an additional role in distributing bequests (both accidental and intentional) from dead agents to those alive. Bequests are distributed equally across all surviving
households.

2.5 Market structure
The Australian economy ts the description of a small open economy better than a closed
economy. Thus, we assume that the domestic capital market is fully integrated with the world
capital market. Hence, under free inows and outows of capital, the domestic interest rate
exogenously set by the world interest rate
is no migration. The wage rate

w

rw .

r

is

Labor is internationally immobile so that there

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.

2.6 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:
(i) a collection of individual household decisions

{cj (χj ) , lj (χj ) , aj+1 (χj )}Jj=1

solve the

household problem given by equation (2);
(ii) the rm chooses eective labor and capital inputs to solve the prot maximization
problem in equation (3);
(iii) the total lump-sum bequest transfer is equal to the total amount of assets left by all
the deceased agents

B=

X µj−1 (1 − ψj ) Z
(1 + n)

j∈j

aj (χj ) dΛj (χj )

(iv) the current account is balanced and foreign assets
where

rw

Af

freely adjust so that

(10)

r = rw ,

is the world interest rate;

(v) the domestic market for capital and labor clear

K=

X

Z
µj

aj (χj ) dΛj (χj ) + B + Af

j∈j
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(11)

H=

X

Z
µj

(1 − lj ) ej (χj ) dΛj (χj )

(12)

j∈j
and factor prices are determined competitively such that

Y
Y
w = (1 − α) H
, q = α
K

and

r = q − δ;

(vi) the government budget constraint dened in equation (9) is satised.

3 Mapping the model to data
We map the steady state equilibrium to reect 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 scal 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 2.
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Table 2: Key parameters, targets and data sources
Parameter

Value

Source/Target

Demographics

n = 1.5%
ψj

Population growth rate
Survival probabilities

WDI
Australian Life Tables (ABS)

Technology and market structure

α = 0.4
g = 1.3%
δ = 0.055
A=1
r = rw = 1.01%

Capital share of output
GDP per capita growth rate
Depreciation
Total factor productivity
Interest rates

Tran and Woodland (2014)
WDI
Tran and Woodland (2014)
(scaling parameter)
Investment share of GDP

Preferences

σ=2
γ = 0.36
β = 0.99
φ1 = −9.5
φ2 = 11.5
ζ = 0.6

Intertemporal elasticity of consumption
Share parameter for leisure
Discount factor
Strength of bequest motive
Extent to which bequest is a luxury
Adjustment for children's consumption

Labour supply over the lifecycle
Household savings share of GDP
Asset proles over life cycle
Nishiyama and Smetters (2007)

Fiscal policy

τ c = 10%
λ = 0.7237
τ = 0.2
τ f = 11%

Consumption tax rate
Income tax
Company prots tax rate

Consumption tax share of GDP
Income tax share of GDP,
Suits index and Tax distribution
Company tax share of GDP and
investment/GDP ratio.

ω y = 0.5
ω a = 0.0015
pmax
y1 , a1

Pension income test taper rate
Pension asset test taper rate
Maximum pension
Pension thresholds

G = Y × 9%
D = Y × 10%
ST = Y × 6.4%

General government purchases
Public debt
Other public transfers

Ocial taper rate
Pension share of GDP
Pension participation rates

WDI
OECD-SOCX

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

3.1 Demographics
One model period lasts 5 years.

Households become economically active at age 20, (j

They are eligible for age-pension at age 65 (j
zero (die with certainty) at age 90.

= 10).

= 1).

Household survival probability becomes

We set the population growth rate to

n = 1.5%.

We

use Life Tables for the period from the Australian Bureau of Statistics to determine survival
probabilities

ψj .

3.2 Technology and market structure
Production in the economy is characterized by the Cobb-Douglas function
follow Tran and Woodland (2014) and set the capital share of output
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AK α H 1−α .

α = 0.4,

We

the parameter

A=1

and the depreciation rate of physical capital

δ = 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.
Under our small open economy assumption, we take the world interest rate on bonds as
given and assume the world (and domestic) interest rate is

r = 4%.

3.3 Labor productivity
We estimate labor productivity using data drawn from the Household, Income 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 dene working ability/labour productivity as the hourly average wage rate, dened as gross
labour income divided by total hours worked.We rst 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 hourly 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 lifecycle 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

i=v
Nj,s

be the total number of individuals of skill type

s

j

and age

in quintile

i=v∈

[1, 2, 3, 4, 5].
2. Next, we track the movement of individuals in each group from age

j

to

j + 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
age

j

ni=k
j+1,s

that moved to quintile

be the total number of individuals in the pool

i = k ∈ [1, 2, 3, 4, 5]

3. The transition probability from quintile

v

at age

at age

j

i=v
Nj,s

in

j + 1.

to quintile

k

at age

j+1

is then

calculated as


 ni=k
j+1,s
i=v
πj,j+1 ei=k
|e
= i=v
j+1 j
Nj,s

(13)

To make the transition matrix more persistent, we use the average of estimates between
2001 and 2018. We assume that labor productivity declines at a constant rate, reaching zero at
80 years.
The dierence between skill types in our model is thus not directly dependent on a skill
specic labour productivity prole over the lifecycle.

Rather, it depends on the transition

probabilities that are dierent 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. We present more details of the estimation procedure
and the Markove transition probability matrices by skill and age in the Online Appendix.
The main reason for choosing this method to estimate labour productivity is that we approximate public transfers below the age of 65 by wage quintile rather than by skill type as
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explained in Section 2.4. This is a better approximation of reality as public transfers do not
distinguish between skill type, but is highly correlated on labour income regardless of your
educational background.

3.4 Preferences
We assume that the period utility function is given by

h
U (c, l) =
where

γ

i1−σ
(14)

1−σ

is the weight on utility from consumption relative to that of leisure,

of relative risk aversion,

η

(1 + dj,% )ηγ cγj lj1−γ

dj,%

is the number of dependent children at age

j

σ

is coecient

for skill type

%,

and

is the demographic adjustment parameter for consumption. In order to match consumption

proles by life cycle and skill, we weight consumption by the factor
the number of dependent children at age

j

for skill type

% and η

(1 + dpj,% )ξ ,

where

dpj,%

is

is the demographic adjustment

parameter for consumption. We estimate the average number of children of ages 0-19 in each
age group and skill type using HILDA and set
The subjective discount factor

β

ξ = 0.6 following Nishiyama and Smetters (2007).

is calibrated to match gross household savings to GDP ratio

which has averaged around 0.2 according to ABS data.
We incorporate utility from bequeathing as per De Nardi, French and Jones (2010) to match
consumption and savings in old-age. This is specied by


φ (b) = φ1
where the term

φ1

aj+1
1+
φ2

1−σ
(15)

reects the concern about leaving bequests, while

φ2

measures the extent

to which bequests are a luxury good. The values of the parameters that most closely match
savings after the age of 80 are

φ1 = −9.5

and

φ2 = 11.5.

3.5 Fiscal policy
We base our policy settings and their parameter values for the period between 2012-2016 to
calibrate the scal policy in the benchmark model.

Income tax.

As explained in Section 2.4, we approximate the Australian income tax code

using a parametric tax function. Let
and

0

t (y)

y

be taxable income,

t (y)

be the total tax liability,

respectively be the average and marginal tax rates at income level

y.

t̄ (y)

In Australia,

both capital and labor incomes are taxed together under the same code. Hence taxable income

y = wh + ra.

We also restrict

t (y) to be a pure tax function such that there are no net receivers

4
from the income tax system .
The parametric function has the form



t (y) = max 0, y − λy 1−τ
4

(16)

This is a signicant departure from papers exploring the Laer curve for labor income tax in the US using

this parameteric tax function.
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where

τ ≥ 0
When

τ ∈ [0, 1]



t̄ (y) = max 0, 1 − λy −τ

(17)



0
t (y) = max 0, 1 − (1 − τ ) λy −τ

(18)

is commonly known as the curvature parameter and

λ

is a shift parameter.

determines the curvature (progressivity) of the tax function at any given level of

τ = 0,

the tax code is proportional.

is the income tax code. A tax code with
parameter

λ

The higher the value of

τ =1

τ,

λ.

the more progressive

implies one with a lump-sum tax of

λ.

The

controls the level of the average tax rate and thus captures the need for revenue

at any given level of

τ.

λ

A higher

implies a lower level of average tax and vice-versa.

Given the non-negativity constraint on

t (y),

we can determine the tax-free threshold

yf

below which there is no income tax as

1

yf = λ τ
an increase in

τ

at any given level of

λ

(19)

decreases the tax-free threshold. When

τ = 0,

there

is no tax-free threshold and the tax code is proportional in its truest sense. An increase in
any given

τ ∈ (0, 1)

λ

at

increases the tax-free threshold.

We calibrate the parameters of the function to approximate the tax-free threshold and

λ = 0.7237

average tax rates by income level during the period. We set the tax level parameter
and the curvature parameter

τ = 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.
of company income tax, we also target the net investment to GDP ratio.

In the case

This results in a

consumption tax rate of 10% and a signicantly 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 rm. The lower tax rate on companies reect the signicant 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 age pension.

The income test taper rate is set at

ωy = 0.5

which reect the

reduction in pension by 50 cents for every $1 above the low income threshold

Similarly,

ā1 .
max
Below these thresholds, households obtain the maximum pension denoted by p
. We calibrate
we set the asset test taper rate

pmax

and the thresholds

ωa = 0.0015

ȳ1 .

y¯1 and ā1 to

for every $1,000 above the low asset threshold

match pension participation rates over the life cycle and

the public pension to GDP ratio.

Other public transfers.

We lump all public transfers other than pension such as family

benets, disability support pension and unemployment benets in to
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st (%, ηj , j).

We estimate

the share of other public transfers by wage quintile

ηj

and age

j

using HILDA data and set the

total amount of public transfers to match its share of GDP.

General government expenditure and debt.

We dene government expenditure other

than public transfers and age-pension as general government expenditure

G.

We target gov-

ernment expenditure between 10-20% of GDP to reect the average of these expenses over the
benchmark period. Similarly, public debt is set at 10-20% of GDP which reects 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.

3.6 The benchmark economy
Prior to turning to our experiments, we examine our benchmark economy to highlight its
strengths and shortcomings when it comes to approximating the Australian economy.

We

discuss the aggregate statistics and distributional properties of our benchmark economy in
comparison with the data for 2012-2016.

Macro-scal and distributional aggregates.

One of our main focuses in the benchmark

calibration was to get the key macroeconomic and scal aggregates to reect the Australian
economy as closely as possible. As Table 3 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 public 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 coecient of taxable income is
at 0.44 and the Suits index

5 is at 0.3. However, net income inequality is slightly lower in the

model compared to data. This owes to the fact that bequest in our model is distributed equally
across individuals while in reality, higher income individuals are more likely to receive a larger
bequest.
Table 3: 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

Public 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

0.3

0.3

Suits index (Income tax distribution)
Gini coecient (Taxable income)

0.44

0.45

Gini coecient (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.

5

The Suits index target is based on the distribution of taxable income taken from HILDA 2012-16. In that,

taxable income is calculated as the sum of labour and capital incomes excluding all other sources. The reason
for this denition of income is that these are the main two sources of income that is subject to income tax.

15

Lifcycle proles.

For the most part, our model is also able to replicate patterns that are

typically observed in lifecycle proles in OLG models for Australia. Figure 1 displays lifecycle
proles for some key variables by skill type. The average labour hours per week by skill type
in Figure 1a indicates that our labour productivity and skill specication generates a labour
supply prole that reects reality.
In this regard, higher skill types on average work more hours, followed by the medium skill
and low skill types. Consequently they earn higher taxable incomes, pay more income tax on
average and consume more over the lifecycle (Figure 1e, Figure 1f and Figure 1c respectively).
While Figure 1b shows that household assets over the lifecycle matches inverted U shaped
pattern that is observed in data, all individuals in our model begins their life with no assets,
highlighting one of the limitations of our model.
Figure 1d plots pension participation rates by skill type from the age of 60-65 to 85-90. The
pattern with higher participation rates for low skill types compared conrms the calibration of
the means-tested pension system in our model.
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Figure 1: Lifecycle proles in the benchmark economy
(a) Labour hours

(b) Assets

(c) Consumption

(d) Pension participation rates

(e) Taxable income

(f ) Income tax liabilities

4 Fiscal limit and scal space in the Australian tax system
In this section, we exhibit the main quantitative results of our paper - the scal limit and scal
space of Australia's total tax system. To do so, we conduct policy experiments where we change
income tax, consumption tax and company tax. In addition to the tax rate, for income tax, we
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also examine changes to its progressivity. This section proceeds as follows. First, we explain
the policy experiments conducted in order to examine the tax system. We then summarize the
results of the policy experiments. We follow this summary with a detailed explanation of the
lessons that can be drawn from each policy experiment.

4.1 Policy experiments
For tractability, we examine each of the 3 taxes one by one.

In each policy experiment, we

vary the relevant tax parameter holding all other policy variables constant at their benchmark
levels. In this regard, for company tax and consumption tax, we vary the respective at tax rate
between 0 and 1. For income tax, we vary the average rate of taxation

(1 − λ).

We also examine

the impact of changing the progressivity of the tax code by varying the curvature parameter

τ.

This is summarized in Table 4.
Table 4: Summary of experiments
Tax type

Tax parameters

Range of values

Experiment 1

Income tax

Experiment 2

Consumption tax

Experiment 3

Company tax

τ - progressivity
(1 − λ) - average tax level
τc
τf

[0, 1]
[0.28, 0.95]
[0, 1]
[0, 1]

Fiscal space and scal limit in terms of total tax revenue.
experiment is total tax revenue

R

Our main focus in each

and its associated scal limit and scal space. The focus on

total tax revenue instead of revenues from specic taxes is motivated by the premise that, in
general equilibrium, changing one tax aects macroeconomic aggregates and creates spill-over
eects for the entire tax system. We dene scal limit as the tax rate beyond which further
inceases lead to declining

R.

That is, the tax rate at which total tax revenue is maximized

max ). Fiscal space measures the maximum potential revenue as
(R

Fiscal space

=

Rmax − R̄
× 100
R̄

(20)

We quantify the scal limit and scal space by plotting Laer curves for total revenue against
the relevant tax rate. As such, the scal limit is at the peak of the Laer curve. When

R

is

exhibited on the Laer curve in terms of percentage change from benchmark revenue, scal
space is simply revenue at the Laer curve peak.

Budget balancing assumption.
general government purchases

G.

In these experiments, we balance the budget by adjusting
This isolates the pure eect of a change in the tax system

from any feedback eects that occurs when the budget adjusts via another policy variable such
as other tax rates and transfer rates. We consider these options in Sections XX and XX.

4.2 Summary results
We begin by summarizing the main results from the experiments in terms of the scal limit and
scal space for each respective tax in Table 5 and highlighting the key lessons learnt from the
experiment.
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Table 5: Summary statistics at the scal limit for all tax components

Target tax component
Tax parameters
Fiscal limit

Fiscal space

Experiment (1)

Experiment (2)

Experiment (3)

Income tax

Consumption tax

Company tax

τ, (1 − λ)

τc

τf

τ = 0, 1 − λ = 0.75

τ c = 0.95

τ f = 0.35

Flat tax of 75%

95%

35%

121

113

10

Change in tax revenues
Income tax revenue

258

0

-35

Consumption tax revenue

-61

436

-14

Company tax revenue

-10

0

157

0

0

-19

Market responses
Wage
Interest

0

0

0

Total capital stock

-10

0

-41

Household capital supply

-88

0

-13

Foreign capital inows

61

0

-66

Labour hours

-14

0

0

Consumption

-61

-44

-14

Output

-10

0

-19

Except for the tax parameters, all other statistics are expressed in terms of the percentage change from its
respective benchmark value.

Income tax generates the greatest scal space.

As Table 5 shows, a at income tax

rate of 75% generates a scal space of 121%. A consumption tax rate of 95% is a close second,
generating an increase in total tax revenue that is 113% higher than the benchmark. Increasing
the company tax rate results in a small increase in total revenue. Company tax peaks at a much
lower scal limit of 35% where it generates a scal space of only 10%.

General equilibrium eects from tax changes.

The most important general lesson from

Table 5 is that increases in tax rates do not translate to equivalent increases in total revenue
due to general equilibrium eects. This is most prominent in Experiment 3. At the scal limit,
company tax revenue is at 157% higher than its benchmark. Yet, increasing the company tax
rate negatively aects the supply of capital and output. In turn we observe a decline in the
wage rate by 19%.
Declining wages (while aggregate labour supply remains unchanged) and capital results in
lower labour and capital incomes. Moreover, this has a negative eect on aggregate consumption.

Hence, increasing company tax rates create a negative spillover eect on income tax

revenue (-35%) and consumption tax revenue (-14%).
Similar spillover eects are also evident from Experiment 1. While income tax revenue is
at 258% at the scal limit, the resulting scal space in terms of total revenue is much lower at
121%. However, in the case of income tax, negative spillover eects are partially mitigated by
foreign capital inows. Foreign capital inows play a large role in the scal limits of income
and company tax. We elaborate this role further in Section XX.
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Increasing consumption tax rate is the least distortionary.

Although consumption

tax generates a lower scal space compared to income tax, increasing the consumption tax
rate shows negligible eects on the labour and capital markets. In Table 5, we only observe a
44% decline in the goods market at the scal limit, while all other markets are unaected. In
comparison, raising income and company tax rates lead to signicant negative macroeconomic
eects.

4.3 Experiment 1: The eect of changing the income tax code
Table 5 shows that changes to the income tax code results in signicant aggregate changes.
Moreover, revenue is maximized with a at tax code rather than a progressive one.

This

warrants a detailed examination of the scal and macroeconomic impact of income tax changes.

The positive impact of decreasing progressivity on tax revenue.
curves for income tax at dierent levels of progressivity
taxation

(1 − λ).

at tax (τ

τ.

Figure 2 plots Laer

The x-axis gives the average rate of

For the sake of brevity, we shall refer to this as the tax rate. In fact, with a

= 0), the x-axis tracks the average tax rate.

The y-axis tracks the percentage change

in income tax revenue relative to the benchmark. This measures the scal space at any given
level of average tax.
Figure 2: Income tax Laer curves at dierent levels of progressivity

Similar to Holter, Krueger and Stepanchuk (2019), a reduction in progressivity results in
an upward shift of the Laer curve. That is, at any given tax rate a reduction in progressivity
results in an increase in tax revenue. In this regard, if we hold the tax rate constant at the
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benchmark rate of 28% and reduce progressivity (see dashed blue line on Figure 2) all the way
to

τ = 0,

revenue increases by 82%. Revenue further increases by increasing the average tax

rate from 28% to the scal limit of 75%. At this peak, income tax revenue is 260%.

General equilibrium eect of changes in income tax

In addition to the direct eect

from tax parameters, the shape of the Laer curves, scal limits and scal spaces depend on
responses by the household, rm and foreign sectors.The four panels in Figure 3 exhibits the
responses in labour hours (Figure 3a), household savings (Figure 3b), rm's demand for capital
(Figure 3c) and foreign capital (Figure 3d) to changes in progressivity and the tax rate. Table
6 summarizes the key movements in both changes.
Figure 3: Changes in aggregate labour and capital to changes in income tax progressivity and
tax rate
(a) Labour hours

(b) Firm's demand for capital

(c) Household capital supply

(d) Foreign capital inows

Table 6: Aggregate labour and capital with a at income tax code

Change from benchmark

τ

to at tax

Fiscal limit
* Benchmark average tax level.

Firm's

K

Household

K

Tax rate

Labour hours

28∗

10

13

-3

Foreign
29

75

-13

-10

-88

61

K

Except for the tax rate, all other variables are expressed in terms of the

percentage change from its respective benchmark value.
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Lower progressivity has a positive eect on labour supply.

We observe a small positive

eect of reducing progressivity on labour hours. Reductions in progressivity lead to two opposing
incentive eects.

On one hand, it creates a positive incentive eect due to smaller increases

in the marginal tax rate as income increases, encouraging households to work more hours. As
Figure 3a shows, when progressivity decreases from the benchmark

τ = 0.2 to a at income tax

code, labour hours increase by 10.28%. At the benchmark tax rate, the positive incentive eect
still outweighs the negative.

However, rising tax rates cancel out the positive labour supply eect.
hand, a lower

τ

On the other

implies a lower tax-free threshold and higher average tax rates. This creates a

negative incentive eect particularly at the bottom of the income distribution. As the tax rate
increases, the negative incentive eects outweigh positive incentive eects of reducing progressivity. As evident from Figure 3a, the eect of progressivity diminishes as the tax rate increases.
Hence, even with a at income tax code, increasing tax rates result in signicant declines in
labour hours. In fact, all gains in aggregate labour hours from reduced progressivity are wiped
out with 60% at tax rate. Beyond 60%, labour hours declines below the benchmark, reaching
-20.11% at the scal limit.

This decline becomes steeper beyond the scal limit of 75%.

A

further increase in the tax rate from 75% to 80% results in an almost similar decline in hours
observed between 28% and 60%.

Household savings decline sharply with increasing tax rates.

As Figure 3c shows,

household's supply of capital is less responsive to changes in progressivity, and more responsive
to changes in tax rates.

There is a steep decline in capital supply as the tax rate increases,

resulting in a 92% reduction from the benchmark at the scal limit.

Declining household capital is mitigated by foreign capital inows.

However, in the

small open economy, the reduction in domestic capital supply is to a large extent oset by
increases in foreign capital inows (Figure 3d). Perfect capital mobility implies that a supply of
total capital that is fairly inelastic to changes in the tax code. Hence, rm's demand for capital
(Figure 3b) responds more to changes in labour hours.
As evident, the pattern of changes in the demand for capital in Figure 3b is fairly similar
to the pattern of changes in labour supply in Figure 3a.

In this regard, increasing the tax

rate beyond 60% leads to declines in both hours worked and the demand for capital below
the benchmark.

In response, foreign capital inows (Figure 3d) peak around 60% and start

to decline. The steep decline in hours worked, demand for capital and foreign capital inows
beyond the tax rate of 80% results in steep declines in their associated labour and capital
incomes.

Hence, signicant decreases in taxable income results in the negative slope of the

Laer curves beyond the scal limit (Figure 2).

Eect on consumption and output.

Figure 4a plots output at dierent tax rates for the

benchmark level of progressivity and the at income tax code. Figure 4b plots the same for
aggregate consumption. Although compared to the benchmark, a at income tax code results
in higher output at any given tax rate, there is a signicant decline as the tax rate increases.
At the scal limit output is 10% lower compared to the benchmark.
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Figure 4: Changes in aggregate labour and capital to changes in income tax progressivity and
tax rate
(a) Output

(b) Consumption

Consumption faces a sharp decline with rising tax rates regardless of the level of progressivity, whereby it is 62% lower at the scal limit relative to the benchmark. This is due to the fact
that rising tax rates, coupled with declining labour (Figure 6a) and capital (Figure 6c) imply
lower household disposable income.

Changing the income tax code aects Laer curves for all other taxes.

These general

equilibrium eects imply that changing the income tax code would aect Laer curves for all
other taxes, and in turn the scal limit and scal space in terms of total tax revenue. In this
regard, we nd that while the scal limit for total tax revenue is with a at income tax rate
of 75%, the respective scal space is much lower compared to the scal space for income tax
revenue. Figure 5 plots Laer curves for all taxes and total tax for the case with a at income
tax. The scal space for total tax revenue is 140 percentage points lower than the scal space
for income tax. This is due to the decline in both company income tax (15% lower at the scal
limit) and consumption tax (67% lower).
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Figure 5: Laer curves for all taxes with a at income tax code

4.4 Experiment 2: Varying company tax rates
Laer curves with respect to company tax rates.

Figure 6 plots the Laer curves for

all tax components with respect to changes in the company tax rate. It serves as an apt caution
against only focusing on the Laer curve for a specic tax instead of the overall tax system.
For instance, at its peak, the company tax Laer curve raises company tax revenue by 219% at
a tax rate of 60%. Yet, the corresponding 69% decline in income tax revenue and 31% decline
in consumption tax revenue results in no net gain in total tax revenue. Hence, as we already
know from Table 5 that company tax generates the lowest scal space of 10% at a tax rate far
below the 60% company tax rate.
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Figure 6: Laer curves for all taxes with respect to changes in the company tax rate

Why do hikes in company tax rate result in large declines in other taxes? It is evident from
Table 5 that increasing the company tax rate creates the most distortions to our benchmark
economy. Figures 7a and 7b examine these distortions in further detail.
Figure 7: Changes in macroeconomic variables to changes in the company tax rate
(a) Labour and capital market

(b) Consumption and output

Increasing the company tax rate creates negative incentive eects for rms.
tax rates on prots discourage production.
results in a signicant decline in output.

Higher

As Figure 7b shows, an increase in the tax rate
This lowers demand for capital (purple line with

square markers on Figure 7a).. As a result, there is a steep decline in foreign capital inows
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(red line with circle markers on Figure 7a). As company tax does not directly aect labour, it
remains relatively constant. Thus, the steep decline in capital relative to labour results decreases
the wage rate (green line with dot markers on Figure 7a).

Decline in labour and capital incomes aect income and consumption taxes.

De-

clining capital stock and declining wages result in lower taxable income. Thus, although the
income tax code remains unchanged, it results in a signicant decline in income tax revenue.
Moreover, a lower taxable income also translates to a lower disposable income. This leads to a
negative income eect on consumption, thereby decreasing consumption tax revenue.

4.5 Experiment 3: Varying consumption tax
In the case of consumption tax, rising tax rates does not aect any macroeconomic aggregates
except for a decrease in consumption. For the sake of completeness we present the Laer curves
for all taxes with respect to changes in the consumption tax rate in Figure 8. As depicted in
the gure, income tax and company tax revenue thus remains unaected by rising consumption
tax rates. The reason for the lower scal space of 113% relative to the rise in consumption tax
revenue of 436% is that both income tax and company tax revenues remain unchanged.
Figure 8: Laer curves for all taxes with respect to changes in the consumption tax rate
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5 Fiscal nancing and the role of foreign capital ows
Our benchmark is modeled under the assumption that Australia is a small open economy with
perfect capital mobility. In the case of changes to the income tax code, the negative incentive
eects on household savings due to rising tax rates are mitigated by foreign capital inows. To
a large extent, this prevents the decline in aggregate capital stock. As our results verify, this
maintains the wage rate and domestic interest rates at their benchmark levels. Similarly, the
steep decline in foreign capital ows as the tax rate increases plays a signicant role in reducing
the scal space and scal limit of company tax.
In this section, we examine the role of foreign capital ows and highlight the revenue generating potential of being a small economy by contrasting that with the other extreme - a closed
economy with no foreign capital ows. We repeat our experiments on this closed economy and
compare results with our benchmark experiments.

5.1 Summary results
Table 7 compares scal limits, spaces and key statistics for the closed economy with the small
open economy. The perfect capital mobility assumption does not aect our results with consumption tax (Experiment 2) but changes the other two. Thus, in this section, we focus our
attention on examining the dierences in aggregate responses between the two economies in
Experiment 1 (Section 5.2) and Experiment 2 (Section 5.3).
Table 7: Fiscal spaces and scal limits - closed versus open economy

Target tax component
Economy
Fiscal limit
Fiscal space
Change in tax revenues
Income tax revenue
Consumption tax revenue
Company tax revenue
Market responses
Wage
Interest
Total capital stock
Household capital supply
Foreign capital inows
Labour hours
Consumption
Output

Experiment (1)

Experiment (2)

Income tax

Consumption tax

Closed
50%
81
170
-42
-17
-21
0
-41
-41
NA
-1
-42
-17

Open
75%
121

258
-61
-10

0
0
-10
-88
61
-14
-61
-10

Closed
95%
113
0
436
0
0
0
0
0
NA
0
-44
0

Open
95%
113

0
436
0

0
0
0
0
0
0
-44
0

Experiment (3)
Company tax

Closed
60%
21
-61
-25
316
-28
-46
-53
-53
NA
8
-25
-24

Open
35%
10

-35
-14
157

-19
0
-41
-13
-66
0
-14
-19

Except for the tax parameters, all other statistics are expressed in terms of the percentage change from its
respective benchmark value.
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5.2 General equilibrium eects of changing the income tax code
Lower progressivity increases revenues.
the closed economy.

Figure 9 plots Laer curves for income tax in

Similar to the open economy, a reduction in progressivity results in an

increase in revenue, such that revenue is maximized with a at income tax. However, the scal
limit in the closed economy is much lower at 50% in the latter compared to 75% in the former.
Fiscal space is lower at 170% compared to 258% in the open economy.

Our results for the

closed economy are quite similar to Holter (REF) who nd that labor income tax revenue is
maximized in the US with a at tax at 60%.
Figure 9: Income tax Laer curves in the closed economy

Table 8: Labour and capital market responses to an increase in tax rate beyond the scal limit
of 50%
Closed economy
Tax rate
Capital

Open economy

50%

55%

60%

50%

55%

60%

-41

-50

-59

7

5

2

Hours

-1

-5

-11

4

2

-1

Wage

-21

-25

-29

0

0

0

Interest

69

89

112

0

0

0

Except for the tax parameters, all other statistics are expressed in terms of the percentage change from its
respective benchmark value.

Table 8 summarizes how aggregate capital stock, labour hours, wage and interest rates
change as the tax rate increases from the closed economy scal limit (50%).
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Negative eects of rising tax rates on capital are more pronounced in the closed
economy. Without foreign capital ows, the total stock of capital in the economy depends
solely on household savings.

Thus, the negative incentive eects of rising tax rates directly

aect the total capital stock. For instance, at the 60% tax rate, both household capital supply
and total capital in the closed economy is 59% lower than the benchmark. In contrast, a larger
79% decline in household capital supply in the open economy at the 60% tax rate is countered
by an increase in foreign capital inows. Thus, the total capital stock in the open economy is
2% higher than the benchmark.

Positive eects of reducing progressivity are dampened by declining wages.

Similar

to the open economy, the closed economy experiences positive eects on labour supply due to
reduced progressivity.

Hence, as Table 8 shows, the decline in labour hours in the closed

economy is smaller than the decline in capital stock. However, the larger relative to the decline
in the former relative to the latter results in a decline in the marginal product of labour. At the
60% tax rate, the closed economy exhibits a 29% decrease in wages. This is in contrast with
the open economy where wages are constant.

General equilibrium eect on capital stock.

Although Table 8 shows an increase in the

interest rate in response to rising tax rates in the closed economy, this does not translate to a
substantial rise in total taxable income. While the declining wage rate lowers labour income,
capital income does not increase substantially due to higher tax rates, even if the interest rate
rises. This leads to signicant negative income eect that lowers household savings, and in turn
reduces capital stock. In contrast, these general equilibrium eects do not occur in the open
economy. Hence, at the 50-60% tax rate with a at income tax code, capital stock in the open
economy exhibits positive eects of lower progressivity.

5.3 General equilibrium eects of increasing the company tax rate
Table 9: Labour and capital market responses to an increase in tax rate beyond the scal limit
of 50%
Closed economy
Tax rate
Total tax revenue
Company tax

Open economy

35%

40%

50%

60%

35%

40%

50%

16

18

20

21

10

10

7

60%
0

186

217

272

316

157

179

209

219

Income tax

-31

-38

-51

-61

-34

-42

-56

-69

Consumption tax

-11

-14

-19

-25

-14

-17

-24

-31

Capital

-26

-32

-43

-53

-41

-48

-62

-74

Domestic capital

-26

-32

-43

-53

-13

-16

-21

-28

-

-

-

-

-66

-78

-98

-115

Foreign capital
Hours

3

4

6

8

-0.1

-0.1

0.1

0.5

Wage

-12

-15

-21

-28

-19

-23

-21

-41

Interest

-19

-24

-34

-46

0

0

0

0

Except for the tax parameters, all other statistics are expressed in terms of the percentage change from its
respective benchmark value.

Table 9 compares scal and macroeconomic statistics for the closed and open economies from
tax rates 35% (scal limit in the open economy) to 60% (scal limit in the closed economy).
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The rst thing that is evident from the table is that the dierence in total revenues in the two
economies at any given tax rate is mostly inuenced by the dierence company tax revenue. In
that, within this tax rate range, income tax and consumption tax revenues in both economies
decline by similar amounts.
Table 9 shows that the capital stock in the closed economy declines by a smaller amount
compared to the open economy as the tax rate increases. In this regard, at its scal limit of
35%, total capital stock in the closed economy is 26% lower than benchmark. In contrast, at
the same tax rate, capital stock is 41% lower than benchmark in the open economy.
This is because capital stock in the open economy is aected via two channels - foreign
capital inows and household savings.

In both economies, household savings are indirectly

aected by rising tax rates via lower wages. In addition, rising tax rates directly aect foreign
capital inows in the open economy by reducing the after tax rate of return on foreign capital.

5.4 The role of capital inows in perspective
Comparing results from the closed economy experiments with those from open economy reveal
some important lessons on the role of foreign capital inows in scal nancing.

Capital inows mitigate the negative eects of raising income tax rates.

First, as

explained in Section 5.2, foreign capital inows mitigate the reduction in total capital stock due
to increasing income tax rates. As a result, the open economy is able to sustain a much higher
scal limit and generate a higher scal space compared to a closed economy.

Capital inows amplify the negative eects of raising company tax rates.

Second,

as highlighted in Section 5.3, foreign capital inows are directly aected by rising company tax
rates. Coupled with negative eects on domestic household savings, this amplies the decline
in total capital stocks in the open economy. As a result, the closed economy is able to sustain
a higher scal limit.

The upper and lower bounds of scal limit and scal space.

While comparing these

two extreme cases reveals some important insights about the signicance of capital mobility on
the Laer curve, we acknowledge that in reality capital in the economy is neither immobile nor
perfectly mobile across borders. Even in the long run there are frictions in the movement of
capital.
As such, we infer that the total revenue maximizing income tax code is a at tax with a tax
rate between 50% and 75%. If frictions are high, the tax rate would be closer to 50% rather
than 75% and vice-versa. However, as Table 7 details, in the closed economy, consumption tax
generates a larger scal space of 113%, compared to income tax which generates a lower scal
space of 81%.
In both of these two extremes, raising the company tax rates generates a much lower scal
space compared to the other two tax components. The scal space that is generated by company
tax in the closed economy is 21% (only 11 percentage points higher compared to that of the
open economy).

This rules out raising the company tax rate as a viable option for revenue

maximization under any assumption of capital mobility.
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6 Sensitivity analysis
As Section 5 shows, our results are highly sensitive to capital mobility assumptions.

In this

section, we summarize sensitivity checks on other model assumptions that provide some further
insights into the nuances of revenue maximization.

6.1 Alternative budget balancing assumptions
In our main experiments, we balanced the budget using general government purchases. This
is so as to reduce feedback eects that may arise from redistributing additional revenue raised
from higher taxes. In reality, the way in which extra revenue is utilized in the economy can lead
to further incentive eects in the labour and capital markets. This could in turn aect scal
limits and scal spaces. We test this via two other budget balancing mechanisms (1) adjusting

6 and (2) adjusting the size of public transfers.

the level of public debt

Table 10 summarizes the scal limits and scal spaces from both mechanisms in the open
and closed economies. We nd that the results in our main analyses are robust to balancing
the government budget via public debt. In contrast, balancing the budget via public transfers
signicantly alters the scal limit and scal space from income tax.
Table 10: Fiscal limits and scal spaces - alternative budget balancing assumptions
Income tax

Consumption tax

Company tax

Open

Closed

Open

Closed

Open

Closed

Fiscal limit

75%

50%

95%

95%

35%

95%

Fiscal space

121

81

113

113

10

139

Adjusting public debt

Adjusting public transfers
Fiscal limit
Fiscal space

60
81

95

35

122

10

Note: All aggregate variables are reported in terms of percentage change from the benchmark values in their
respective economies. Results that are signicantly dierent from the benchmark cases are highlighted in boldface.

Table 11 details the key scal and macroeconomic statistics when the government budget is
balanced by adjusting public transfers in our small open economy benchmark. Compared to our
benchmark case, distributing the additional revenue raised from taxation via public transfers
leads to a larger decrease in labour supply (a change of -28% compared to our benchmark open
economy case of -14%).

This is because larger public transfers creates a signicant negative

incentive for households to work. Lower labour and output also aects foreign capital inows.
In our benchmark, foreign capital inows at the scal limit is larger at 61% compared to 25%
in Table 11.

6.2 Risk aversion and labour supply elasticity
Previous literature () has shown that the revenue maximizing tax rates are sensitive to labour
supply elasticity. Further, scal limits and scal spaces could be sensitive to the degree of risk

6

In the steady state, this ultimately means that the increase in revenue is spent paying interest on debt as

Bt+1 = Bt .
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Table 11: Key statistics at scal limits - comparison of budget balanced by adjusting public
transfers with the benchmark
Budget balanced by:

G

Public transfers

Fiscal limit

(benchmark)

60%

75%

Fiscal space

81

121

Income tax

170

258

Consumption tax

-33

-61

Company tax

-18

-10

Total capital

-18

-10

Household capital

-64

-88

Foreign capital

25

61

Labour hours

-28

-14

Consumption

-33

-61

Output

-18

-10

Note: All aggregate variables are reported in terms of percentage change from the benchmark values in their
respective economies.

G

is general government purchases.

aversion as they can aect both optimal savings and labour supply. In our benchmark economy,
1−σ

household preferences are specied in terms of

u (c, l) =

[cγ l1−γ ]

. Under this specication,
1−σ
1−γ(1−σ)
l
the Frisch elasticity of labour supply is given by
. We examine the eect of the
1−l
σ
degree of risk aversion by running our main experiments with alternative values of

σ=3

and

σ = 4.
As Table 12 shows, changing from our benchmark value of

σ = 2 to σ = 3 does not alter our

results. However, increasing the degree of risk aversion further does aect our results for income
and company taxes. Yet the general thrust of our conclusions stand. In this regard, while the
scal limits for income tax and company tax are sensitive to the degree of risk aversion, the
associated scal spaces are quite robust.
Table 12: Key statistics at scal limits - Open economy with alternative values for risk aversion
Consumption tax

Company tax

σ=3

Income tax

σ=4

σ=3

σ=4

σ=3

σ=4

Fiscal limit

75%

70%

95%

95%

40%

35%

Fiscal space

122

124

112

112

10

10

Total capital

-10

-4

0

0

-48

-41

Hours

-13

-7

0

0

0

0

Consumption

-61

-55

-44

-44

-17

-14

-9

-4

0

0

-23

-19

Output

Note: All aggregate variables are reported in terms of percentage change from the benchmark values in their
respective economies.

G

is general government purchases.

7 Extensions
7.1 Fiscal space in terms of sustainable public debt
In our main analysis, we quantied scal space in terms of the the budgetary room between the
current (benchmark) level of total tax revenue and the maximum revenue at the peak of the
total revenue Laer curve. From an alternative perspective, scal space can also be considered
in terms of sustainable public debt.

In this regard, scal space is the distance between the
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current debt levels and the debt limits above which the debt becomes unsustainable

7 (e.g. see

Heller (2005) and Ostry et al. (2010)).
In this section, we apply this concept to income tax in our benchmark open economy and
discuss how this could be extended in further research. To do so, we rely on the results from
our sensitivity experiments discussed in Section 6.1 where we balanced the government budget
using public debt. As highlighted in Table 10, balancing the budget via public debt does not
alter the scal space and limits in terms of total revenue.
An increase in tax revenue increases the government's ability to borrow and service more
debt. As Figure 10 shows, debt to GDP is maximized in the revenue maximizing at income
tax code with a tax rate of 75%. In our small open economy, the scal space in terms of debt
is 132%. However, it is important to note that our model does not consider the risk premium
on public debt.

Typically, risk premium increases as debt to GDP increases, shrinking the

government's capacity to service debt. Thus, the scal space in terms of debt would potentially
be much smaller. We leave this issue for further research.
Figure 10: Change in Debt to GDP ratio with respect to changing income tax code

7.2 Welfare and distributional consequences of revenue maximization
The focus of our paper is revenue maximization rather than welfare maximization. Yet, it is
important to note that in a real policy context, the welfare and distributional consequences of
increasing tax rates. In this section, we examine the welfare and consequences across the skill
distribution from the various revenue maximization policies considered in our main analysis. In

7

We abstract from political economy arguments that are more likely to determine scal limits in democratic

societies.
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doing so, our purpose is to highlight some important caveats and point out avenues for further
research. Thus, for the sake of conciseness, we restrict our attention to the scal limits in our
small open economy benchmark.

Welfare eects.

We focus on utilitarian social welfare dened as the sum of ex-ante lifetime

utilities of individuals born into the stationary equilibrium given a specied tax code

T.

Z
W =
Let

WA

V (χj=1 |T ) dΛ (χj=1 )

(21)

denote aggregate welfare in the benchmark economy, and

WB

denote welfare at the

scal limit. We compute the change in welfare in terms of the consumption equivalent variation
(EV) given by

WB
∆=
WA


1
 (1−σ)

−1

(22)

In this regard, CEV is the xed percentage of lifetime consumption that compensates for a
loss in welfare. Thus, a negative CEV is a welfare loss and a positive CEV is a welfare gain.
We examine CEV at the aggregate level and seperately for each skill type.
Table 13 compares the welfare eects by skill types at the scal limit of the 3 taxes. While
income tax generates the largest scal space, it leads to the largest aggregate welfare loss.
Moreover, the loss in welfare is quite uneven across the skill distribution. In this regard, low
and medium skill types experience a loss of 72% and 61% in terms of CEV while high skill types
experience quite a small loss. While the loss in welfare due to rising consumption tax rate and
company tax rate are much more evenly distributed, low skilled workers experience the largest
decline in welfare even in these two cases.
Table 13: Comparison of the eects on dierent skill types at the various scal limits

Fiscal limit

Income tax

Consumption tax

Company tax

75%

95%

35%

-11

-8

-2

Welfare
Aggregate
Low skill

-72

-68

-49

Medium skill

-61

-56

-30

-1

-64

-42

High skill

Note: Except for welfare, all aggregate variables are reported in terms of percentage change from the benchmark
values in their respective economies. Welfare is expressed in terms of Hicksian Equivalent Variation.

Distributional eects

In addition to the decline in welfare, revenue maximization results in

an increase in income inequality. Table 14 reports the distribution of taxable income, income tax
and after-tax income for our benchmark model and at the scal limits of income, consumption
and company taxes. As highlighted earlier, raising the consumption tax rate leads to the least
distortions in the economy. Thus, the scal limit of consumption tax has the least impact on
income and tax distributions.
Similarly, raising company tax rates do not pose signicant distributional consequences in
our benchmark economy.

However, at the scal limit of company tax, income tax is more
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progressive than the benchmark in terms of its distribution relative to the taxable income
distribution (quantied by a higher Suits index of 0.37). In contrast to the other two taxes, at
its scal limit, income tax increases inequality in taxable income from 0.44 in the benchmark
to 0.56. This is largely driven by a reduction in the share of the bottom quintle from 2.7% to
0%. The other quintiles are largely unaected.
Interestingly, we observe minimal changes to the distribution of net income (after tax and
transfer income) with any of the taxes.

This indicates the adequacy of the social insurance

system in our benchmark economy to mitigate against rising tax rates.

As we showed in

Section 6.1, it is important to contextualise the way in which public transfers respond to rising
tax rates. We leave a more detailed exploration of the interaction between public transfers and
rising tax rates for future research.
Table 14: Income and tax distributions - benchmark vs scal limits
Income and tax shares in quantiles of taxable income

Distributional

Quint 1

Quint 2

Quint 3

Quint 4

Quint 5

Top 1%

index

2.7

12.8

27.5

26.0

31.0

2.1

0.44
0.56

Taxable income
Benchmark economy
At the scal limit of:
- Income tax

0

7.4

26.2

31.2

35.2

3.8

- Consumption tax

2.8

12.8

27.5

25.9

31.0

2.1

0.44

- Company tax

2.9

13.1

26.7

26.4

30.8

2.7

0.45

0.8

9.8

28.9

25.5

35.0

2.5

0.31

0

7.4

26.2

31.2

35.2

3.8

0

Income tax
Benchmark economy
At the scal limit of:
- Income tax
- Consumption tax

0.8

9.8

28.9

25.5

35.0

2.5

0.31

- Company tax

0.8

9.7

26.8

26.8

35.8

4.5

0.37

10.5

20.2

26.7

20.9

21.7

1.2

0.28
0.26

Disposable income
Benchmark economy
At the scal limit of:
- Income tax

13.2

17.6

21.2

24.2

23.8

2.1

- Consumption tax

10.5

20.2

26.7

20.9

21.7

1.2

0.28

- Company tax

10.7

20.4

26.2

20.9

21.8

1.4

0.29

Quint denotes quintile of taxable income.

Columns (1)-(6) report the share of total income by quantile in

percentage terms. Column (7) reports the concentration coecient for the respective income or tax variable.
Except for income tax, the respective value in the column is the Gini coecient. For income income tax, we
report the Suits index.

8 Conclusion
This paper quantied the scal limits and the scal spaces for the Australian tax system using
a computable general equilibrium OLG model calibrated to match the macroeconomic data and
cross-sectional distribution of income and tax liabilities in Australia.

We used our model to

examine the general equilibrium consequences of changing the income tax progressivity and tax
rates, consumption tax rate and company tax rate.
For each respective tax, we used Laer curves to plot the total revenue against respective
tax rates, and quantied the scal limit (the maximum tax rate beyond which total revenue
declines) and the scal space (the maximum total tax revenue that can be generated at the
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Laer curve peak). We nd that Australia's income tax code has the most capacity to increase
revenue, with the largest scal space.
Our quantitative analysis relied on approximating the income tax code using the HSV tax
function with two parameters - one controlling the curvature and the average level of taxation.
We examined changes in each parameter individually and jointly and plotted Laer curves
against the respective parameter and tax revenue.
We found that the government can maximize its tax revenue by making the tax code less
progressive. This is robust at dierent levels of average taxation. Our ndings on the revenue
increasing potential from reducing progressivity are also robust to alternative capital mobility
specications, budget balancing policy instruments, and alternative assumptions on household
preferences. Thus, we can draw a strong conclusion regarding the relationship between revenue
and progressivity.
However, the revenue maximizing tax rate is highly sensitive to how mobile capital is across
borders. Hence we examine the Laer curve under the assumptions at the opposite ends of the
capital mobility spectrum - the small open economy and the closed economy. Maximum revenue
is achieved under a at income tax code with a tax rate of 75% (peak of the Laer curve) in the
small open economy version of the model with perfect capital mobility. At the other extreme,
we nd that the revenue-maximizing tax rate under the closed economy assumption is 50%.
Therefore we conclude that in the context of our general equilibrium model, the scal limit
of the income tax code in Australia is a at tax with average tax rate between 50% and 75%. At
this limit, in the small open economy, the scal space is at a 121% of the benchmark total tax
revenue, while it is much lower in the closed economy at 81%. Thus, it is essential to consider
the implications of capital mobility on our results. The current model yields a robust bound on
the scal limit. However, it is a rather wide margin that needs to be examined further using
imperfect capital mobility specications. Additionally, frictions in the movement of capital also
imply the importance of examining transitional dynamics in addition to the long run.
In contrast to income tax, the Laer curve for consumption tax and company income tax
showed that the maximum revenue at the peaks of these respective Laer curves were considerably smaller than that of income tax. This gives weight to prioritizing income tax reform if
raising tax revenues is a key policy goal for the government. The optimal tax mix for all taxes
is also an important issue that needs further consideration.
Out of all the issues analysed in this paper, scal space in terms of sustainable debt in the
context of scal policy is perhaps the most pressing.

Although we have briey explored the

maximum amount of sustainable debt, our analysis is limited in that it does not account for
increases in risk premium as the level of debt rises. In addition, the rate of return on public
debt needs to be analyzed in relation to GDP growth.

Raising tax revenue to pay for debt

comes to the forefront of scal policy, especially when growth is stagnant and bond yields are
rising. We leave a detailed analysis of this issue as our potential next step.
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