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Our study

1. Better understand the nature of income shock process in
Australia

→ Explore individual earnings risk by age and income history

→ Decompose sources of earnings changes: Wage or hour

2. Study the insurance role of family and government

→ Family: Market earnings and private transfers

→ Government: Progressive taxes and targeted public
transfers
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Data and methodology

Data: HILDA 2001-2020 (152, 903 observations).

Sampling criteria: (i) Primary earner, (ii) Employment history.

Methodology: Non-parametric approach following Guvenen et al.
(2021) and De Nardi et al. (2021).
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Definition: Risks

Residual income shocks := changes or growth of residual income
(i.e., income net of age and time effects)

▶ Second-order income risk: Variance of a residual income
shock distribution

▶ Third-order income risk: Skewness (S) measures the lack of
symmetry in data distribution of shocks. A normal
distribution has S=0
▶ |S | between 0 and 0.5: fairly symmetrical
▶ |S | between 0.5 and 1: moderately skewed
▶ |S | greater than 1: highly skewed

▶ Fourth-order income risk: Kurtosis (K) measures the
thickness of the tails of a shock distribution.
▶ K = 3 (Mesokurtic): Standard normal distribution
▶ K > 3 (Leptokurtic): Distribution is longer, tails are fatter
▶ K < 3 (Platykurtic): Distribution is shorter, tails are thinner
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Derive moments of shocks: Non-parametric approach

1. Purge age and time effects:

log incomei ,t = β1agei ,t + β2age
2
i ,t + β3yeart + µi ,t (1)

2. Calculate the residuals µ̂i ,t and the nth−order differences of µ̂i ,t :

∆n
µ̂i,t

= µ̂i ,t − µ̂i ,t−n (2)

3. Group the residual shocks ∆n
µ̂i,t

by (i) age and (ii) past
income decile.

4. For each subgroup, calculate second- and higher-order moments
(i.e., variance, skewness, kurtosis) of the residual shock
distribution.

See formula in the appendix.
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Empirical distribution of annual residual earnings shocks
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Empirical distribution of 3-year average residual earnings
shocks
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Decomposition: Dispersion of shocks

Figure: Variances of annual and 3-year average changes in usual weekly
earnings, wages, and hours of primary earners

See derivation of decomposition formulae in the appendix.
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Decomposition: Skewness and Kurtosis of shocks

Figure: Pearson Skewness and Pearson Kurtosis of annual average changes in
usual weekly earnings, wages, and hours of main job of primary earners (at
least 18 years of employment)

See derivation of decomposition formulae in the appendix.
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Wage and Hour changes vs. Earnings changes

Figure: Annual changes in residual weekly wages and hours versus decile of
annual changes in residual usual weekly earnings for primary earners in the 1st,
5th, and 9th deciles of past usual weekly earnings

See corresponding 3-year average change statistics in the appendix.
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Summary 1: Earnings risks

1. Non-linear and non-Gaussian income dynamics

▶ Negatively skewed shock distributions (extreme negative
shocks are larger in magnitude compared to positive ones);

▶ Leptokurtic shock distributions (small/moderate shocks are
rare but extreme shocks are more likely than suggested by the
normal distribution);

▶ These are persistent features.

2. The sources of risks are quite different

▶ Wages drive the earnings shock dispersion (second-order risk);

▶ Hours drive the negative skewness (third-order risk) and excess
kurtosis (fourth-order risk).
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Definition: Insurance against income risks

Insurance := the extent to which an income component reduces
risks.

▶ Market income risks
family market income insurance−−−−−−−−−−−−−−−−−−→
(via members’ annual earnings)

Family market income risks

▶ Family market income risks
family transfer insurance−−−−−−−−−−−−−−→
(via private transfers)

Family pre-gov’t income risks

▶ Family pre-gov’t income risks
gov’t tax insurance−−−−−−−−−−−→
(via income taxes)

Family post-tax income risks

▶ Family post-tax income risks
gov’t transfer insurance−−−−−−−−−−−−−→
(via public transfers)

Family post-gov’t income risks
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Example: Insurance against 2nd-order earnings risk
Primary earner’s market income

For more detailed figures, see Fig 6 and Fig 9 in the Appendix.
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Example: Insurance against 2nd-order earnings risk
Primary earner’s market income + Secondary earners’ market income

For more detailed figures, see Fig 6 and Fig 9 in the Appendix.
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Example: Insurance against 2nd-order earnings risk
Primary earner’s market income + Secondary earners’ market income +
Private transfers

For more detailed figures, see Fig 6 and Fig 9 in the Appendix.
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Example: Insurance against 2nd-order earnings risk
Primary earner’s market income + Secondary earners’ market income +
Private transfers − (Combined taxes - Concessions)

For more detailed figures, see Fig 6 and Fig 9 in the Appendix.
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Example: Insurance against 2nd-order earnings risk
Primary earner’s market income + Secondary earners’ market income +
Private transfers − (Combined taxes - Concessions) + Public transfers

For more detailed figures, see Fig 6 and Fig 9 in the Appendix.
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Family insurance against 3rd- and 4th-order risks

Figure: Standardized Skewness (top) and Kurtosis (bottom) of the distribution of
annual changes of family income (P1-P99) at different levels.

See a more detailed figure in the appendix.
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Government insurance against 3rd- and 4th-order risks

Figure: Standardized Skewness (top) and Kurtosis (bottom) of the distribution of
annual changes of post-tax and disposable (or post-government) family income
(P1-P99) at different levels.

See a more detailed figure in the appendix.
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Insurance against transitory shocks: Male vs. Female

Figure: Moment properties of the distributions of annual income shocks of male (left
panel) and female (right panel) primary earners (P1-P99 Pearson statistics).
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Insurance against persistent shocks: Male vs. Female

Figure: Moment properties of the distributions of 3-year average income shocks of
male (left panel) and female (right panel) primary earners (P1-P99 Pearson statistics)
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Insurance against transitory shocks: Partnered vs. Lone
parents

Figure: Moment properties of the distributions of annual income shocks of partnered
(left panel) and lone (right panel) parents (P1-P99 pearson statistics)

See appendix for insurance by parenthood (of dependent children).
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Summary 2: Insurance against risks

1. Substantial family and government insurance against risks;

2. Family and government play different roles;
▶ Government insurance mitigates the dispersion of shocks;

▶ Family insurance mitigates the magnitude and likelihood of
extreme and rare shocks;

3. Income risks are more persistent for certain demographic
groups → government insurance is crucial.
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Cross-country comparison

Australia The Netherlands US

Driver of earnings risk

Dispersion Wages Wages & Hours* Wages & Hours

Left Skewness Hours Hours Hours

Excess Kurtosis Hours Hours Hours

Main insurance

Dispersion Gov’t Gov’t Family & Gov’t

Left Skewness Family Family & Gov’t Family

Excess Kurtosis Family Family & Gov’t Family

*Note: In the Netherlands, hour changes contribute more to earnings dispersion at the
lower income deciles
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Conclusion

Our findings on the dynamics of income suggest:

1. Similar earnings dynamics in Australia as in other OECD countries;

2. Some differences with regards to the sources of risks and insurance
(Why?);

3. Risk gap and risk equalizing effect of government insurance;

4. Crowding-out effect?

5. Understanding earnings risks and insurance against risks is crucial

for designing tax and transfer policies.

Future work:

1. Topics: retirees and age pension, consumption risk;

2. Data: Administrative data;

3. Modelling: Mapping microdata to macroeconomic model.
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Appendix: Inequality and the role of government in
Australia

Data: ABS (Microdata: Household Expenditure, Income and Housing, 2015-16, Cat.
no. 6540.0, released 25/10/17) and ABS HES Basic confidentialised unit record files
for years 1988-89 through 2009-10 as available at 25/10/17. Source: Rising
Inequality? A stocktake of the evidence (Productivity Commission, 2018).

See appendix for comparison between average annual income growth
figures computed using (i) static distributions by PC, and (ii) our method.

https://www.pc.gov.au/research/completed/rising-inequality
https://www.pc.gov.au/research/completed/rising-inequality
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Appendix: Average disposable income growth (PC )

Data: ABS (Microdata: Household Expenditure, Income and Housing, 2015-16, Cat.
no. 6540.0, released 25/10/17) and ABS HES Basic confidentialised unit record file
for 1988-89 as available at 25/10/17.

Source: Rising inequality? A stocktake of the evidence (Productivity Commission,
2018).

https://www.pc.gov.au/research/completed/rising-inequality
https://www.pc.gov.au/research/completed/rising-inequality
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Appendix: Average annual growth of residual income by
decile using equation 10

Table 3: Average Annual Residual Income Growth (2001-2020) of Employees.
The growth statistics shown are for employees (not self-employed) age 25-64.
The residual changes are obtained from controlling for time and age effects
(see equation 1). The figures account for cross-decile mobility over time.
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Appendix: Summary statistics of primary earners in 2001

Table 1: Summary statistics of primary earners in 2001. Note that, the values
of income, tax liabilities and transfers are expressed in 2018 AUD.
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Appendix: Summary statistics of primary earners in 2020

Table 2: Summary statistics of primary earners in 2020. Note that, the values
of income, tax liabilities and transfers are expressed in 2018 AUD.
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Appendix: Related literature

Non-gaussian properties of earnings dynamics:

▶ Guvenen et al. (2021): US;

▶ Halvorsen et al. (2020): Norway;

▶ De Nardi et al. (2021): US and the Netherlands.

Studies in Australia:

▶ Gaussian shocks:
▶ Chatterjee et al. (2016); Freestone (2018): Wage inequality

and unobserved shocks;

▶ Kaplan et al. (2018): Consumption and income inequality;

▶ Level and first moment of income:
▶ Herault and Azpitarte (2015): Redistributive impact of tax and

transfer;

▶ Tran and Zakariyya (2021): Trends in tax progressivity and
redistribution.
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Appendix: Summary of analytical framework

Summary of analytical framework:

1. Calculate moments of distributions of residual income changes
(risks);

2. Decompose the moment estimates to study sources of risks
(See Appendix: Decompose earnings shocks);

3. Examine the degree of insurance by family and government.
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Appendix: Derive moments of shocks via parametric
approach (1)

Consider a parsimonious model for the residual income in equation
10:

µ̂i ,t = zi ,t + ϵi ,t (3)

zi ,t = zi ,t−1 + ηi ,t (4)

where ηi ,t and ϵi ,t are drawn from some distributions Fη ∼ (0, σ2
η)

and Fϵ ∼ (0, σ2
ϵ ), respectively.

The n−year growth of µ̂i ,t is thus:

∆n
µ̂i,t

= µ̂i ,t − µ̂i ,t−n (5)

=
t∑

j=t−n+1

ηi ,j + ϵi ,t − ϵi ,t−n (6)
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Appendix: Derive moments of shocks via parametric
approach (2)

Given the parametric model 6, the higher-order moments of the
distribution of ∆n

µ̂i,t
are:

σ2
∆n

µ̂i,t

= nσ2
η + 2σ2

ϵ (7)

Sn
∆µ̂i,t

=
n × σ3

η

(nσ2
η + 2σ2

ϵ )
3
2

Sη (8)

Kn
∆µ̂i,t

=
n × σ4

η

(nσ2
η + 2σ2

ϵ )
2
Kη +

2× σ4
ϵ

(nσ2
η + 2σ2

ϵ )
2
Kϵ (9)

Assuming Nη ∼ (0, σ2
η) and Nϵ ∼ (0, σ2

ϵ ), we can estimate ση and
σϵ (as in Chatterjee et al. (2016)) and work out the three moment
statistics.

Back to Methodology
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Derive moments of shocks: Non-parametric approach
1. Purge age and time effects:

log incomei ,t = β1agei ,t + β2age
2
i ,t + β3yeart + µi ,t (10)

2. Calculate the residuals µ̂i ,t and the nth−order differences of µ̂i ,t :

∆n
µ̂i,t

= µ̂i ,t − µ̂i ,t−n (11)

3. Group the residual shocks ∆n
µ̂i,t

by (i) age and (ii) past
income decile.

4. For each subgroup, calculate second- and higher-order moments
of residual shock distributions:

µ̃k
∆y =

E
[
(∆y − µ∆y )

k
]

σk
(12)

where µ̃k
∆y := the kth standardized moment of y shocks (kth-order

risks).
Back to Main Section
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Appendix: Additional consideration

We use quantile-based measures of skewness and kurtosis for
comparability with the previous studies.

Skelley =
(P90 − P50)− (P50 − P10)

P90 − P10
(13)

Kcrow−siddiqui =
P97.5 − P2.5

P75 − P25
(14)

We consider robust moment statistics: P1−P99, P5−P95, and
P10−P90.

Alternatively, using Arc-Percent Change method yields similar
results.
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Appendix: Decompose earnings shocks (1)

We have:

yi ,t = wi ,t × hi ,t (15)

=⇒
%∆yi ,t

dt
=

%∆wi ,t

dt
+

%∆hi ,t
dt

(16)

which can be simplified as

∆y = ∆w +∆h (17)

Let µ̃k
z := E

(
z − µz

σz

)k

and σz :=
√
var(z) for a random variable

z .
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Appendix: Decompose earnings shocks (2)

Second moment:

σ2
∆y = σ2

∆w + σ2
∆h − 2cov(∆w ,∆h) (18)

Third moment:

µ̃3
∆y =

1

σ3
∆y

[
σ3
∆w µ̃

3
∆w + σ3

∆hµ̃
3
∆h

]
+

3

σ3
∆y

[
E(∆h − µ∆h)

2(∆w − µ∆w ) + E(∆w − µ∆w )
2(∆h − µ∆h)

]
(17)

Fourth moment:

µ̃4
∆y =

1

σ4
∆y

[
σ4
∆w µ̃

4
∆w + σ4

∆hµ̃
4
∆h

]
+

4

σ4
∆y

E
[
(∆h − µ∆h)

3(∆w − µ∆w ) + (∆w − µ∆w )
3(∆h − µ∆h)

]
+

6

σ4
∆y

E
[
(∆w − µ∆w )

2(∆h − µ∆h)
2
]

(18)

Back to Main Section
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Appendix: Volatility of shocks by income and age

Figure: Standard deviation of the distribution of changes in regular market
earnings for primary earner (P1-P99)
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Appendix: Decomposition (skewness and kurtosis)

Figure: Pearson Skewness and Pearson Kurtosis of annual average and 3-year
average changes in usual weekly earnings, wages, and hours of main job of
primary earners (at least 18 years of employment)
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Appendix: Wage and Hour changes vs. Earnings changes

Figure: Changes in residual weekly wages and hours versus decile of changes in
residual usual weekly earnings for primary earners in the 1st, 5th, and 9th
deciles of past usual weekly earnings
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Appendix: Family insurance against 2nd-order risk

Figure: Standard deviation of the distribution of annual changes of family income
(P1-P99) at different levels.

See a more detailed figure in the appendix.
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Appendix: Government insurance against 2nd-order risk

Figure: Standard deviation of the distribution of annual changes of post-tax and
disposable (or post-government) family income (P1-P99) at different levels.

See a more detailed figure in the appendix.
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Appendix: Family insurance against 2nd-order risk

Figure: Standard deviation of the distribution of annual and 3-year average changes
of family income (P1-P99) at different levels. The figure captures the relative
contribution of family market income and private transfer to the second-order risk of
pre-government family income.

Back to Main Section
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Appendix: Family insurance against 3rd- and 4th-order
risks (1)

Figure: Skewness (top) and Kurtosis (bottom) of the distribution of annual changes
of family income (P1-P99) at different levels. The figure captures the relative
contribution of family market income and private transfer to the third- and
fourth-order risks of pre-government family income.

Back to Main Section
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Appendix: Family insurance against 3rd- and 4th-order
risks (2)

Figure: Skewness (top) and Kurtosis (bottom) of the distribution of 3-year average
changes of family income (P1-P99) at different levels. The figure captures the relative
contribution of family market income and private transfer to the third- and
fourth-order risks of pre-government family income.

Back to Main Section
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Appendix: Gov’t insurance against 2nd-order risks

Figure: Standard deviation of the distribution of annual and 3-year average changes
of post-tax and disposable (or post-government) family income (P1-P99) at different
levels. The figure captures the relative contribution of tax and transfer to the
second-order risk of disposable family income.

Back to Main Section
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Appendix: Gov’t insurance against 3rd- and 4th-order risks

Figure: Skewness (top) and Kurtosis (bottom) of the distribution of annual
changes of post-tax and disposable (or post-government) family income
(P1-P99) at different levels. The figure captures the relative contribution of tax
and transfer to the third- and fourth-order risks of disposable family income.

Back to Main Section
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Appendix: Spousal response vs Public transfer

Figure: Annual changes in spousal earnings and public transfers versus decile of
annual changes in past market earnings of primary earners in the 1st, 5th, and 9th
deciles of past regular market income.

See a more detailed figure in the appendix.
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Appendix: Male vs. Female secondary earners

Table 4: Average 20-year statistics for male and female secondary earners by
family market income quintile. All income and transfer values are stated in
2018 Australian dollar.
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Appendix: Insurance against transitory shocks and
parenthood

Figure: Moment properties of the distributions of annual income shocks of parent
(left panel) and non-parent (right panel) primary earners (P1-P99 pearson statistics)
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Appendix: Insurance against persistent shocks and
parenthood

Figure: Moment properties of the distributions of 3-year average income shocks of
parent (left panel) and non-parent (right panel) primary earners (P1-P99 pearson
statistics)
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Appendix: Age-profiles of work hours and LFP rate

Figure: M-shaped age-profiles of work hours (left panel) and LFP rate (right panel).
Solid line for men, dashed line for women.
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Appendix: Spousal response vs Public transfer

Figure: Changes in usual weekly wages and hours of spouse versus decile of changes
in usual weekly earnings (main job) of primary earners in the 1st, 5th, and 9th deciles
of past weekly earnings. The top and bottom panels report annual and 3-year average
changes, respectively.

Back to Main Section
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Appendix: Spousal response vs Public transfer

Figure: Changes in spousal earnings and public transfers versus decile of changes in
past market earnings of primary earners in the 1st, 5th, and 9th deciles of past regular
market income. The top and bottom panels report annual and 3-year average changes,
respectively.

Back to Main Section



57/60

Appendix: Additional statistics

Table 5: Proportion of primary earners in part-time employment by decile of
usual weekly wages from main job. The subsample contains primary earners
who report positive usual weekly labour earnings for at least 18 years of
observation.



58/60

Appendix: Additional statistics

Table 6: Proportion of primary earners in casual employment by decile of usual
weekly wages from main job. The subsample contains primary earners who
report positive usual weekly labour earnings for at least 18 years of observation.
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Appendix: Additional statistics

Table 7: Cross-tabulation of frequencies between parenthood, marital status, and
gender. Since HILDA tracks individuals and their households over time, we present a
snapshot of the first cohort entering the survey in 2001. The table suggests a negative
assortative matching (or matching of unlike) between higher income males and lower
income females.
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Appendix: Additional statistics

Table 8: Cross-tabulation of frequency between education, marital status, and gender.
Since HILDA tracks individuals and their households over time, we present a snapshot
of the first cohort entering the survey in 2001. The table suggests a negative
assortative matching (or matching of unlike) between higher education males and
lower education females. The observed pattern becomes less pronounced in later years
of the survey, partly due to attrition and the inclusion of new and younger households
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