
Melbourne Institute Working Paper Series

Working Paper No. 5/15
Financial Stress Thresholds and  
Household Equivalence Scales 

G. C. Lim and Sarantis Tsiaplias



 

Financial Stress Thresholds and  
Household Equivalence Scales* 

 
 

G. C. Lim and Sarantis Tsiaplias 

Melbourne Institute of Applied Economic and Social Research 
The University of Melbourne 

 
 
 
 
 

Melbourne Institute Working Paper No. 5/15  
 

ISSN 1328-4991 (Print) 

ISSN 1447-5863 (Online) 

ISBN 978-0-7340-4373-3  
 

January 2015 
 

 
 
 

 

* This study uses unit record data from the Household, Income and Labour Dynamics in 
Australia (HILDA) Survey. The HILDA Survey project was initiated and is funded by the 
Australian Government Department of Social Services and is managed by the Melbourne 
Institute of Applied Economic and Social Research (at the University of Melbourne). We also 
acknowledge the use of PanelWhiz. Corresponding author: <s.tsiaplias@unimelb.edu.au>. 

 
 
 
 

 

Melbourne Institute of Applied Economic and Social Research 

The University of Melbourne 

Victoria 3010 Australia 

Telephone (03) 8344 2100 

Fax (03) 8344 2111 

Email melb-inst@unimelb.edu.au 

WWW Address http://www.melbourneinstitute.com 



 

 

Abstract 

This paper relates indicators of household financial stress to household income and 

expenditure with the objective of identifying household stress thresholds and comparable 

equivalence scales. A model is proposed whereby households try to absorb income shocks or 

shifts by shrinking consumption or engaging in consumption substitution, and is applied to 

data from the Household, Income and Labour Dynamics in Australia Survey. Households 

have different capacities to absorb a shock or shift, with those unable to absorb a shock or 

shift being financially stressed. The distribution of household financial stress thresholds is 

estimated, and is found to be dependent on heterogeneity in both welfare sensitivity and 

discretionary consumption stickiness. We also examine the equivalence scales implied by the 

model and derive the distortion associated with the assumption of homogeneity. We find that 

this assumption has a distortionary impact and results in significant over- or under- 

estimation of equivalence scales depending on household type and size.  
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1 Introduction

The aim of this paper is to identify and estimate household financial stress thresholds taking into
account household-specific consumption preferences and sensitivities, derive equivalence scales
based on these estimates and then show how accounting for heterogeneity is important in a
welfare context.
Household equivalence scales are used to specify the level of income a household requires

to achieve a benchmark welfare level taking into account the household’s particular needs and
characteristics. Numerous studies have attempted to compute household equivalence scales by
reference to the household’s perceived minimum expenditure requirements (Goedhart et. al.
1977; van Praag et al. 1982; van der Gaag and Smolensky, 1982). While this approach accounts
for household specific features of the welfare function, it is open to biases and judgment calls
stemming from the requirement that households attach a monetary value to a notional yardstick:
being the amount they require to ‘survive’or ‘get by’. We avoid this problem by identifying
minimum expenditure by reference to the presence or absence of financial stress.
Our methodology relates indicators of household financial stress to household income and ex-

penditure with the objective of identifying the household’s stress threshold. The stress threshold
is the point at which household income is insuffi cient to meet household expenditure require-
ments. To identify required household expenditure, a model is proposed whereby households
face income and expenditure shocks or shifts, and attempt to absorb these shocks or shifts by
shrinking consumption or engaging in consumption substitution. A household becomes finan-
cially stressed when it is unable to absorb an income shock or shift without falling below its
expenditure requirement or when it encounters an unexpected expense that results in a breach
of its budget condition.
We pay particular attention to examining the extent to which heterogeneity in welfare sen-

sitivity and discretionary consumption preferences impact on the household’s stress threshold.
Specifically, we allow each household to have its own level of sensitivity to an income or expen-
diture shock or shift (Goedhart et al., 1977). Two ostensibly similar households may produce a
markedly different stress response following a change in income. Furthermore, discretionary con-
sumption is divided into permanent and time-varying components, with the level of consumption
stickiness allowed to be household specific. We therefore avoid the assumption of a representa-
tive household or the assumption that two households, because of some commonality in size or
income, engage in the same - or even a similar - type of discretionary consumption.
There are numerous reasons to suspect that welfare sensitivity changes significantly across

households. Differences in somewhat amorphous concepts such as household resilience will in-
duce heterogeneity in welfare sensitivity, as will the household’s capacity to purchase insurance
against risks that impede its capacity to consume or the household’s relative ability to engage in
consumption substitution (Aiyagari,1994; Blundell et al. 2008; Lusardi et al. 2011). The pres-
ence of incomplete insurance markets may lead to greater welfare sensitivity for some households.
In terms of the household’s ability to substitute goods and services, factors such as information
asymmetries or the household’s opportunity cost of time may induce heterogeneity in welfare
sensitivity. In this respect, Aguiar and Hurst (2005), for example, provide evidence that food
expenditure declines in both retirement and unemployment, yet in retirement substitution can
take place that leaves consumption largely unaltered. Notwithstanding the strong basis for het-
erogeneous welfare sensitivity, there is little research on the impact of such heterogeneity on
household stress levels.
Heterogeneity in the stickiness of discretionary consumption, and its relevance for household

stress, can be motivated in a number of ways. The presence of children, for example, may result
in the household requiring a greater level of contingent, time-varying discretionary consump-
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tion. In this case, the household’s decreased capacity to smooth its consumption may render
it relatively more susceptible to financial stress (Clarida, 1991). More generally, the presence
of consumption lifecycle effects, and consumption habits will impact the relative magnitude of
the permanent component of the household’s discretionary consumption (Browning and Cross-
ley, 2001; Gourinhas and Parker, 2002; Fernandez-Villaverde and Krueger, 2007; Attanasio and
Weber, 1995). Habit effects, in particular, will almost invariably be household specific although
the importance of such heterogeneity for household financial stress is largely unknown.
Since heterogeneity is likely to be important in determining a household’s stress level, we seek

to identify the household financial stress threshold allowing for heterogeneity in welfare sensitiv-
ity and discretionary consumption preferences. Our model is applied to data from the Household,
Income and Labour Dynamics in Australia (HILDA) survey which provides a rich dataset describ-
ing household income, expenditure and well-being for a representative cross-section of Australian
households. The main contribution is summarised in an estimated distribution of financial stress
thresholds spanning the set of households represented in the Survey.
The estimated distribution exhibits severe positive skewness (with the mode being less than

the median, which is in turn less than the mean), and significant kurtosis in the right tail of the
distribution. Analysis based on the distribution yields a number of key results.
First, the distribution is distinct from that of household income and shows that the financial

stress threshold is poorly represented using measures based solely on household income. Second,
there are significant differences in the stress threshold across different family sizes In particular,
we provide evidence that the dispersion of stress thresholds declines with family size, indicating
that the household’s required level of expenditure, as opposed to its total expenditure on goods
and services, tends to become more homogeneous as family size increases. Third, our estimates
show significant heterogeneity in the stickiness of discretionary consumption and in welfare sensi-
tivity. Importantly, the degree of heterogeneity revealed in this paper is not adequately captured
through common categories such as household size, household income and household type (e.g.
couple, lone parent, couple with children).
Finally, we examine the equivalence scales arising from our model. We derive the distortion

in the equivalence scales when there is a failure to account for heterogeneity, and estimate these
distortions across a range of household types and sizes. We show that accounting for both
forms of heterogeneity produces equivalence scales that are substantially different to those where
homogeneity is assumed, thereby providing a measure of the welfare impact of the household
specific consumption preferences and tastes that Fisher (1987) highlights as relevant to any
welfare comparison. The differences are particularly pronounced for couples and larger sized
households, with the assumption of homogeneity resulting in under-compensation for the former
and over-compensation for the latter household type.
The paper is organised as follows. Section 2 presents the framework for obtaining the house-

hold stress threshold. Section 3 relates the stress threshold to the measurement of equivalence
scales and derives the distortions stemming from the assumption of homogeneity. Section 4
discusses the data used to estimate to the model and the estimated results. The following two
sections discuss the results. First we learn abouth the general characteristics of the thresholds,
and how they differ with respect to factors such as income, family size, and age of the primary
wage earner. Second, we examine the household equivalence rates stemming from our model, and
show the magnitude of the welfare distortions associated with the assumption of homogeneity.
Concluding remarks are in section 7.
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2 Modelling the household stress threshold

A household is considered to be financially stressed if its residual income is insuffi cient to fund
unexpected expenditure requirements or support minimal variable consumption. These concepts
are operationalised by separating out the fixed and discretionary components of expenditure.
Household income hyt in period t comprises income stemming from employment, government

pensions and benefits, and capital income. The household also has a period t cost function hct (q)
in state q ∈ N. Household costs at time t can be further divided into fixed costs vot and variable
costs v1t

hct (q) = v0t + Sq (v1t) . (1)

where S is a non-negative shrinkage function applied to variable costs. The shrinkage function
depends on q and provides households with the capacity to make state-contingent consumption
decisions. The shrinkage function allows a household to both reduce its level of consumption
or to re-arrange its expenditure by, for example, engaging in substitution (such as preparing a
greater proportion of food at home) or accessing state-contingent credit.1

Costs are characterised as fixed or variable based on the capacity of the household to reduce
or adjust the quantum of the cost in the short term. Fixed costs cannot be reduced in period t,
and are further divided into costs that depend only on t and costs that are both state and time
dependent

v0t = v0t + ε0t(q).

In this setting, housing accommodation is treated as a known, fixed cost and is subsumed into
v0t.2 On the other hand, ε0t(q) includes state-dependent costs that a household must incur such
as necessary medical treatment.3 Since these costs are state-dependent, the household does not
have a priori knowledge of their occurrence. Once incurred, however, ε0t(q) is a known, fixed
amount.
In contrast, variable costs v1t may be adjusted in the short-term and always depend on

q. Variable costs may be durable or non-durable (see, further, Aguiar and Hurst, 2009) and
include costs such as groceries and entertainment, but may also include variable outlays such as
depositing funds into a savings account. To facilitate interpretation, it is assumed that v1t =
supq Sq (v1t) such that S = 1 in some optimal state q. In any other state q′ 6= q, households
curtail their variable spending such that Sq′ (v1t) ≤ Sq (v1t).

Now define the household residual income rt as the difference between household income and
known, fixed costs. Residual income is allocated to variable costs Sq (v1t) or to ε0t(q)

rt ≡ hyt − v0t = Sq (v1t) + ε0t(q). (2)

Equation (2) is the household’s budget constraint across all states and times.
The household undertakes its expenditure and allocation decision at time t by reference to an

unobserved utility function U (Sq (v1t) , v0t, h
y
t ) such that the household’s utility is determined by

its state-dependent shrinkage of discretionary consumption, its known and unanticipated fixed
costs v0t = v0t+ε0t(q), and its income. Household utility declines when the household is required

1As such, the primary purpose of the shrinkage function is to identify expenditure rather than consumption
(see, further, Aguiar and Hurst, 2009).

2Our treatment of housing accommodation expenditure as being markedly different to ε0t(q) or v1t is also
consistent with research indicating a different consumption lifecycle for housing costs; while the consumption of
non-housing goods is typically hump-shaped over the lifecycle, housing consumption appears to increase monoton-
ically before flattening out (Fernandez-Villaverde and Krueger, 2006; Yang, 2008).

3Technically, ε0t (q) also includes windfall gains such that there is a small, but non-zero, probability of a
negative ε0t (q).
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to impose additional constraints on variable spend such that S′ (v1t) < S (v1t) =⇒ U ′ < U , where
U ′, U is household utility with variable spend given by S′ (v1t) and S (v1t) respectively.
The utility function also specifies a necessary amount of variable spend v∗1t that the household

requires, and is discontinuous at that point which we denote kt

kt(q) = v∗1t + ε0t(q). (3)

In accordance with (3), following the observation of state q, the minimal outlay required by
a household at time t is determined by the sum of its minimal variable allocation v∗1t and its
state-contingent cost ε0t(q).
The household’s goal is to maximize its utility function U (Sq (v1t) , v0t, h

y
t ) subject to its

budget constraint (2) and the condition that the difference between the household’s actual ex-
penditure Sq (v1t) + ε0t(q) and its minimal requirement kt(q) is non-negative

Sq (v1t) + ε0t(q) ≥ kt(q) (4)

=⇒ kt(q) ≤ rt. (5)

Equation (4) is the model’s fundamental equation and is used to determine whether a household
is in a state of stress. Pursuant to this equation, to satisfy its objective function the household
must find a state-contingent shrinkage function Sq (·) that enables it to fund state-contingent,
fixed outlays ε0t(q). The household must also ensure that its remaining income after accounting
for ε0t(q), being rt − ε0t(q), allows it to achieve a level of variable consumption Sq (v1t) that is
at least as great as v∗1t. A household that is unable to fund its unexpected requirements ε0t(q)
or its minimal variable consumption v∗1t breaches the condition kt(q) ≤ rt and is identified as
stressed.
Define the indicator variable mit as equal to 1 when household i is stressed in period t and

0 otherwise. The indicator is constructed using

mit = I (kit > rit) (6)

where I (·) is a binary indicator taking on the value unity if kit > rit.
4

The household observes its own stress threshold kit and therefore knows the quantum of
ε0it(q) and the minimal amount of variable outlay v∗1it that it requires. These values are given
by

v∗1it = γ0i + x′itγ (7)

ε0it = z′itβ (8)

where γ0i is household i
′s time-invariant variable outlay requirement, xit is a set of covariates or

instruments used to estimate time-variation in household i’s mininum variable outlay, and zit is
a set of covariates used to estimate the unexpected component of household i’s fixed cost v0it.
Stickiness in necessary variable expenditure is measurable by reference to the relative magnitude
of permanent variable expenditure γ0i/x

′
itγ. The household’s stress threshold is therefore

k̂it = v∗1it + ε0it = γ0i + x′itγ + z′itβ. (9)

Household i’s welfare sensitivity is ηi such that the econometrician’s observation of the house-
hold’s stress threshold by reference to its response mit is

kit = γ0i + x′itγ + z′itβ + uit. (10)

uit ∼ N
(
0, η2i

)
. (11)

4For notational convenience, the stress threshold’s dependence on the state q is no longer explicitly denoted.
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Heterogeneity in welfare sensitivity represents factors such as the household’s capacity to in-
sure against permanent and transitory shocks (Blundell et al., 2008). In the context of the
model specified here, ηi may differ by reference to the household’s capacity to insure against
shifts or temporary changes in household income hyt , anticipated fixed costs v0t, the nature of
its consumption shrinkage or substitution function Sq and unanticipated fixed costs ε0it. The
econometrician’s estimate of household i’s probability of being stressed is then

Φ

(
γ0i + x′itγ + z′itβ − rit

ηi

)
where Φ (·) is the standard normal distribution function.
Each household is characterised by the set of observables {mi, Xi, ri} for i = 1, 2, ..., N . Xi

is comprised of xit, zit for t = t0i, t0i + 1, ..., Ti. Given (6), (10) and (11), the ith household’s
contribution to the likelihood function L is

Li (mi|β, γ, γ0i, ηi, Xi)

=

Ti∏
t=t0i

Φ

(
γ0i + x′itγ + z′itβ − rit

ηi

)mit
(

1− Φ

(
γ0i + x′itγ + z′itβ − rit

ηi

))1−mit

with the model’s overall likelihood function given by

L (m|β, γ, γ0, η,X) =

N∏
i=1

Li (mi|β, γ, γ0i, ηi, Xi) .

We adopt a Bayesian approach to learning about kit and the household’s welfare sensitivity
and specify the following prior distributions for k̂it and η2i

k̂it ∼ N
(
µ0, σ

2
0

)
(12)

η2i ∼ IG (n0, s0) (13)

where N (·) is the normal density with location and scale parameters µ0, σ0, and IG is the
Inverse-Gamma density with shape n0 and scale s0.
Accordingly, the posterior density of the parameter set is

p (β, γ, γ0i, ηi|mi, Xi, ri) ∝ L (m|β, γ, γ0, η,X)π (k, η)

where π (k, η) is the prior density based on (12) and (13).

3 Stress thresholds and welfare

A household’s probability of financial stress is based on the extent to which its income is suffi -
cient to meet household expenditure requirements, which depend on its stress threshold and its
accommodation expenditure. The threshold kit is the minimal outlay (outside of accommoda-
tion expenditure) required by a household at time t and is determined as the sum of its minimal
variable (or ‘shrinkable’) expenditure v∗1t and its state-contingent expenditure ε0t(q). In our set-
ting, it is natural to also consider the probability of stress as the basis for household i’s period t
welfare function
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Vit = 1− Φ

(
k̂it − rit
η̂i

)
= 1− Φ

(
γ̂0i + x′itγ̂ + z′itβ̂ − (hyit − v0it)

η̂i

)
. (14)

This welfare function is intrinsically tied to household well-being, has a well-defined meaning,
and is determined by a set of estimated parameters. Household i’s welfare may change over time
according to its residual income rit, its ability to substitute and shrink consumption γ0i + x′itγ,
and pursuant to its unanticipated ‘fortunes’ z′itβ. Welfare may be sticky, however, with the
level of stickiness depending on the household’s fixed expenditure γ0i and its welfare sensitivity
ηi. Accordingly, the welfare function avoids the assumption that household preferences may be
accounted for by some set of standard demographic characteristics, and is consistent with Fisher’s
(1987) assertion that any two households on the same indifference curve cannot be treated as
being equally well-off without accounting for their tastes and preferences.
It can be ascertained that the welfare function (14) has the following properties:

Proposition 1 Household i’s welfare is defined and bounded between 0 and 1 if its welfare
sensitivity ηi is a strictly positive, bounded real number and its mimimum requirement k̂it is
a bounded, real number.5

Definition 1 Household i is balanced if its requirements are equal to its residual income, k̂it =
rit, whereby its welfare level, if defined, will be 0.5.

Corollary 1 If the household’s welfare function is defined its welfare level will approach unity
in household income hyit.

Corollary 2 A fixed ‘shrinkable’consumption γ0i satisfying
γ0i

|x′itγ̂|+|z′itβ̂|+hyit
−→ k1,

γ0i
ηi
−→ k2

where k1, k2 are large positive numbers will result in a welfare level of 0 since the permanent
component of the household’s minimal level of discretionary expenditure greatly exceeds its house-
hold income and welfare sensitivity, and the impact of any state-dependent changes to the stress
threshold.

Corollary 3 As ηi approaches zero, household i’s welfare function becomes discrete and degen-
erates to the value 0.5 and the two polar extremes 0,1. The household’s welfare range becomes {0,
0.5, 1} and any deviation from the balanced outcome renders the household completely ‘satisfied’
or completely ‘unsatisfied’.

Corollary 4 As ηi approaches some arbitrarily large number k, household welfare is always 0.5.

Corollary 5 If only the outcome Vit = 0.5 and household income hyit are observed, it is not
possible to distinguish between a balanced household and a household with an arbitrarily large
welfare (in)sensitivity ηi.

Using (14) we can calculate the equivalent income for household type j, being the income
required to ensure that household type j exhibits the same level of welfare V (·) as the bench-
mark household. The computation of equivalent income is generally represented as the following
problem

min
hyj

∥∥V (hy∗, X∗)− V
(
hyj , Xj

)∥∥ (15)

5Since household income is always a bounded real number.
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where (hy∗, X∗) represents the income and characteristics of the benchmark household. The
solution h

y

j to the problem (15) yields the income required by household type j to achieve the
benchmark welfare level V = V (hy∗, X∗). The resulting equivalence scale is expressed as the ratio
h
y

j/h
y
∗.

Approaches to deriving h
y

j include, but are not limited to, setting V (·) equal to the log-normal
distribution Λ (hy;X), adopting Stone—Geary utility (in the context of estimating welfare using a
Linear Expenditure System), or using translog utility across a vector of goods that the household
consumes (van Praag, 1968; Goedhart et. al. 1977; van Praag et al. 1982; van der Gaag and
Smolensky, 1982). Researchers have also log-linearised an unknown function h̃y = f (hy, X) to
yield a linear equation which can be solved for h

y

j (Danziger, 1984; Phipps and Garner, 1994; van
Praag et al., 1980). Nelson (1992; 1993) provides a detailed review of methods for estimating
equivalence scales.
The welfare function V (·) can be generalised to include a measure σ that reflects welfare

sensitivity, pursuant to which we obtain V
(
hyj , Xj , σ

)
. For example, assuming log-normal welfare

Λ (hy;X) , the σ coeffi cient expresses the household’s sensitivity to the difference hy − E (hy).
In solving for h

y

j , it is generally assumed that σ is a common, exogenous parameter such that
all households exhibit the same level of welfare sensitivity (see, for example, van Praag et al.,
1980; Goedhart et al., 1977). In terms of our model, welfare sensitivity is identified by the stress
threshold error uit ∼ N

(
0, η2i

)
. The posterior mode of the density of ηi, denoted η, is equivalent

to σ with the implication that welfare dependence depends on uncertainty regarding expenditure
v∗1t and ε0it.

3.1 Welfare distortions and the assumption of homogeneity

Pursuant to the above discussion, it is apparent that the general assumption of common wel-
fare sensitivity requires the non-trivial acceptance that all households exhibit the same level of
sensitivity to a change in their stress threshold or household income. Pursuant to corollaries
3-5, the assumption of common welfare sensitivity in the existing literature also implicitly rules
out situations where households have large values of ηi or where household welfare degenerates
in accordance with corollary 3. As such, the existing literature assumes that a household with
welfare level 0.5 is necessarily a balanced household rather than a household with large welfare
(in)sensitivity. In so far as these assumptions are inconsistent with the data, reported equivalence
rates may be significantly distorted. We use our model to measure the extent of this distortion.
To illustrate the distortion, assume

(
ηj , γ0j

)
is the welfare sensitivity, permanent minimum

discretionary consumption pair for group j, η∗, γ∗0 is the equivalent pair for the reference group
and, for convenience, accommodation expenditures v0j , v0∗ are zero. Solving the problem (15)

taking into account
(
ηj , γ0j

)
yields the equivalent income h

y

j and associated equivalence scale
hyj
hy∗

h
y

j = γ0j + c̃j +
ηj
η∗

(hy∗ − γ∗0 − c̃∗) = k̂j +
ηj
η∗

(
hy∗ − k̂∗

)

h
y

j

hy∗
=
ηj
η∗

+
k̂j −

ηj
η∗ k̂
∗

hy∗

where k̂j is group j’s stress threshold, k̂∗ is the reference group’s stress threshold and c̃ = x′γ+z′β.
The values h

y

j , h
y
∗ are specified on a per-person basis. The equivalent income for group j is,

therefore, a linear function of the reference group’s ‘excess’income hy∗ − k̂∗ (viz. income net of
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the stress threshold) with an intercept given by its stress threshold k̂j and a slope parameter
that depends on the ratio of welfare sensitivities

ηj
η∗ .

The household level equivalent income is h
y,total

j = fsj × h
y

j , where fsj is household size for
group j, with the analogous equivalence scale derived as the following straightforward adjustment

of
h
y
j

hy∗

h
y,total

j

hy,total∗
=
fsj
fs∗
×
h
y

j

hy∗
.

If ηj happens to equal η
∗ then equivalent income, denoted as h

y

j |
(
ηj = η∗

)
, is given by

household income for the reference group hy∗ adjusted by the difference in the stress thresholds
for the two groups

h
y

j |
(
ηj = η∗

)
= hy∗ +

(
k̂j − k̂∗

)
.

such that the equivalence scale simplifies to

h
y

j

hy∗
|
(
ηj = η∗

)
= 1 +

k̂j − k̂∗
hy∗

.

Conversely, if we assume γ0j = γ∗0 then we obtain

h
y

j |
(
γ0j = γ∗0

)
= k̂j +

(
γ∗0 − γ0j

)
+
ηj
η∗

(
hy∗ − k̂∗

)
h
y

j

hy∗
|
(
γ0j = γ∗0

)
=
ηj
η∗

+
1

hy∗

(
k̂j −

ηj
η∗
k̂∗
)

+
1

hy∗

[
γ∗0 − γ0j

]
.

It is straightforward to show that the distortion stemming from the assumption that group
j’s welfare sensitivity is η∗ is non-zero unless ηj = η∗, with the bias in the equivalence scale

being a linear function of k̂∗ with intercept
(
ηj
η∗ − 1

)
and slope parameter

(
1−ηj/η∗

hy∗

)
.

h
y

j − h
y

j |
(
ηj = η∗

)
=

(
ηj
η∗
− 1

)(
hy∗ − k̂∗

)
(16)

h
y

j

hy∗
−
h
y

j

hy∗
|
(
ηj = η∗

)
=

(
ηj
η∗
− 1

)
+

(
1− ηj/η∗

hy∗

)
k̂∗ (17)

where h
y

j −h
y

j |
(
ηj = η∗

)
is the difference between unconstrained equivalent income h

y

j and equiv-

alent income conditional on the assumption ηj = η∗, h
y

j |
(
ηj = η∗

)
. Equation (17) provides the

analogous difference in terms of equivalence scales.

Since the bias stemming from the adoption of ηj = η∗ lies in the interval
(
k̂∗ − hy∗,∞

)
,

h
y

j |
(
ηj = η∗

)
may constitute either an under- or -over- estimate of the household income required

to equate group j’s welfare with that of the reference group. As the interval is unbounded on the

right, however, there is a greater risk that
h
y
j

hy∗
|
(
ηj = η∗

)
understates the additional compensation

required to equivalise welfare for group j. Figure 1 shows the bias in the equivalence scale
when

ηj
η∗ = 2 for a reference household with hy∗ = 75, 000. At k̂∗ = 50, 000, for example, the

assumption
(
ηj = η∗

)
understates the scale by 1/3, with household type j requiring an additional

1/3× hy∗ = $25, 000 to equivalise welfare in the presence of sensitivity differences.
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Figure 1: Bias in equivalence scale as k∗ changes for household type j with
ηj
η∗ = 2

The bias stemming from the erroneous assumption γ0j = γ∗0 is an affi ne function of the simple
difference γ0j − γ∗0.

h
y

j − h
y

j |
(
γ0j = γ∗0

)
= γ0j − γ∗0 (18)

h
y

j

hy∗
−
h
y

j

hy∗
|
(
γ0j = γ∗0

)
=

1

hy∗

(
γ0j − γ∗0

)
(19)

Finally, it can be shown that the equivalence biases when both ηj = η∗ and γ0j = γ∗0 are
imposed are

h
y

j − h
y

j |
(
ηj = η∗, γ0j = γ∗0

)
=

(
γ0j −

ηj
η∗
γ∗0

)
+

(
1−

ηj
η∗

)
c̃∗ +

(
ηj
η∗
− 1

)
hy∗ (20)

h
y

j

hy∗
−
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j

hy∗
|
(
ηj = η∗, γ0j = γ∗0

)
=

(
ηj
η∗
− 1

)
+

1

hy∗

[
γ0j −

ηj
η∗
γ∗0 +

(
1−

ηj
η∗

)
c̃∗

]
. (21)

Equations (20) and (21) imply that the assumption of homogeneity in both welfare sensitivity and
consumption stickiness may over- or under- state the equivalance scale. Ceteris paribus, however,
greater fixed discretionary consumption, γ0j > γ∗0, will result in understated equivalent income
when homogeneity is imposed. Conversely, greater sensitivity to an income or expenditure shock,
such that ηj < η∗, will result in over-compensation when homogeneity is imposed. The reason
for this result is that ηj requires a smaller income shift to equivalise V

(
hyj , Xj

)
with V (hy∗, X∗)

than does η∗.6

6 In the case ηj < η∗, the slope of household type j’s welfare curve is flatter when η∗ is imposed instead of ηj .

As such, achieving the absolute welfare change
∣∣∣∆V (hyj , Xj)∣∣∣ requires a greater change in household income hyj

than if ηj were adopted.
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4 Model estimation

Data

Data are obtained from the Household, Income and Labour Dynamics in Australia (HILDA)
survey which commenced in 2001 and is currently in its 12th wave. The survey is undertaken
annually and collects information about economic and subjective well-being, labour market dy-
namics and family dynamics in Australian households. The first wave of the survey consisted of
7,682 households, with an additional 2,153 households added in 2011 (viz. wave 11). Although
respondents are allocated a unique household identifier for each wave, this household identifier
is limited to the particular wave for which it is allocated. Consequently, individuals need to be
tracked over waves to construct a set of inter-temporal households that can be used to estimate
the model specified in Section 2. Given the model’s dependence on household income levels, we
identify households by reference to the main income earner. If individual i is identified as the main
income earner in waves k, k + 1 and k + 2 then we identify the set of information (personal and
household) associated with individual i over that period, {rik, rik+1, rik+2, Xik, Xik+1, Xik+2} as
belonging to a single household. For notational convenience, we assume Xit = {xit, zit} where xit
and zit are associated with minimal variable allocation v∗1t and unanticipated fixed costs ε0t(q)
respectively (the variables {xit, zit} are listed in Appendix A).
The ‘residual income’rit is constructed as the difference between gross household income and

direct housing accommodation costs defined as the household’s annual mortgage repayments or
housing rent. A very small number of households made both rental and mortgage repayments.
In this case, we took the sum of both values as their housing-related expenditure. Without loss
of generality, we estimate the model after dividing rit by fsit× 5000, where fs is household size,
such that we estimate the per-person threshold kit/ (fsit × 5000) in bundles of $5000. We also
convert rit to real terms such that kit represents the real stress threshold and any time effects in
kit are not the result of inflation.7 To avoid excessive notation, in the remaining sections of the
paper any reference to kit or rit is on a real per-person basis except where stated otherwise.
We also require the indicator mit which determines whether household i is financially stressed

at time t. This indicator is constructed based on household responses to a set of financial
stress variables in HILDA. In particular, we assume that a household is financially stressed (viz.
mit = 1) if it could not pay its utility bills, mortgage or rent on time, if it requested financial
help from friends or family, pawned or sold something to make ends meet, was unable to heat
its home, went without meals or requested help from a charity or similar organisation.

Households

We assume that households are dynamic and do not restrict our dataset to households with
constant characteristics. Consequently, households are allowed to add or remove new members,
change location, or may be renters in period k and home owners in period k + 1. The only re-
striction we impose is an identification restriction that the primary wage earner remain the same.
As such, if the primary wage earner changes in period k + 3 then a new household is identified
and this household is allowed to have its own consumption stickiness and welfare sensitivity.
We iterate this process commencing at wave 2 and ending at wave 12 of the survey, identifying
households hi and their corresponding dataset {mik,mik+1, ..., rik, rik+1, ..., Xik, Xik+1, ...}.8
To examine sensitivity to identification we also estimated the model based on identifying

households using the first survey respondent and by limiting estimation to continuous households
(viz. avoiding households where the household is identified in period t and t + 2, but treated

7Real values are constructed by reference to the ABS’Consumer Price Index using 2012 as the base year.
8The iteration is commenced at wave 2 since the variables used to estimate zit are not available in wave 1.
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as a distinct household in period t + 1). Identification using the first survey respondent yields
longer-lived households since a change in the main income earner does not produce a second
household. For example, a household whose main income earner is jailed is treated as a separate
household, with distinct requirements and a potentially different level of minimal necessary
expenditure and welfare sensitivity, for the period of imprisonment when using the primary
wage earner for household identification. This is not the case where identification is based on the
first respondent except in the rare case where the jailed party is also the first respondent. The
results were, however, similar using either identification method or when restricting estimation
to continuous households. The equivalency scales obtained in Section 6, in particular, were
essentially unchanged.
To enable estimation, we restrict our sample to households for which at least one switch in the

indicator variable takes place, and also remove observations for which we are unable to deduce
household income, financial stress or for which we do not observe xit or zit. We also adopt a
similar inclusion restriction to Krueger and Perri (2006) and only include households that have
been interviewed at least 6 times.9 Accordingly, the model is estimated on a panel containing
26,397 observations of the indicator variable mit (with 9,608 instances where mit = 1) covering
N = 3, 103 households. The estimation produces values for the γ and β parameters associated
with xit and zit respectively, in addition to values for each household’s time-invariant variable
outlay requirement γ0i and each household’s uncertainty ηi. In particular, the stress thresholds
k̂it for the ith household, i ∈ {1, 2, ..., N}, are estimated for a minimum of Ti = 6 periods and
a maximum of Ti = 10 periods, with 10 periods being the most common (1091 households) and
6 periods being the least common (403 households).

Parameter estimates

The parameter estimates for the coeffi cients γ and β and the parameters chosen for the
prior distributions are presented in Appendix B. These estimates may be contrasted with those
from a reduced-form Probit model which are also presented in Appendix B. The Appendix
contains a set of estimation statistics for both the estimation dataset (comprising the 26,397
observations used to estimate the basic model) and the full dataset. The full dataset contains
52,421 observations covering 6, 154 households, whereas the estimation dataset pertains to the
50 per cent of households that exhibit switching between m = 0 and m = 1. The other fifty
per cent of households are either always m = 0 (2, 921 households and 24, 957 observations) or
m = 1 (130 households and 1, 067 observations). The results for the full dataset are presented to
provide insight into the performance of the model across all households, rather than only those
that inform the likelihood function.10

The interpretation of the structural parameter estimates differs from those for the Probit
model and is based on the impact of the chosen covariates on the value of the stress threshold kit.
Although the objective of the covariates is to yield estimates of v∗1it and ε0it, it is still informative
to consider the individual parameters estimated by the model. As expected, the presence of a
shock such as death or serious injury significantly inflates ε0it and therefore kit. The minimum
required level of variable consumption v∗1it increases when a household’s main income earner
shifts from being self-employed (or an employer) to being an employee. Similarly, a change
in residence, job or number of jobs also results in a higher required level of consumption v∗1it.
Ostensibly, household i moves to a larger residence or household i’s main income earner changes
jobs or holds a greater number of jobs to satisfy his or her family’s greater variable consumption

9The model was also estimated subject to the restriction that households be interviewed at least 8 or 10 times
with little change to the parameters β, γ or the distribution of the stress thresholds.
10The γ0i and ηi parameters are determined by the prior distribution for the subset of households that do not

exhibit switching between m = 0 and m = 1.
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requirements v∗1it. It is important to note, however, that minimum variable consumption v∗1it
also depends on γ̂0i with x

′
itγ̂ + z′itβ̂ explaining changes in household i’s variable consumption.

The coeffi cients for the time indicators in xit do not vary markedly over the period 2004 to
2008 suggesting that the marginal impact of time on v∗1it changes little for this period. The
situation appears to change in 2011 and 2012 when minimum variable expenditure requirements
rise significantly.
In contrast to the Probit model, the model clearly distinguishes between financially stressed

and non-stressed thresholds with the average predicted outcome during periods of stress, E (m̂it|mit = 1),
being 58 per cent and the average predicted outcome during periods without stress, E (m̂it|mit = 0),
being just under 28 per cent. The Probit model correctly predicts about 35 per cent of financially
stressed households, compared to approx. 71 per cent for the structural model. The structural
model also provides an accurate depiction of the dispersion of financial stress, with predicted lev-
els of stress being close to actual levels. In particular, the model predicts financial stress 37.38 per
cent of the time, a little above the actual value of 36.39 per cent. The results for the full dataset
improve on those observed for the estimation dataset, with E (m̂it|mit = 1) − E (m̂it|mit = 0)
close to 44 per cent, and 67 per cent of stress incidence being correctly predicted. Overall, 8 in
10 observations are correctly predicted when using the full dataset.

5 Characteristics of the stress threshold

5.1 Distribution of the stress threshold

Figure 2 presents the estimated distribution of stress thresholds k̂it across all households and

time periods, in addition to the constituent elements of the threshold γ̂0,
(
x′itγ̂ + z′itβ̂

)
, and

welfare sensitivity η̂. Corresponding descriptive statistics are presented in Table 1. For ease
of exposition, the stress thresholds in this figure and hereafter are multiplied by $5000 thereby
reversing the scaling of residual incomes undertaken for estimation purposes. On this basis, the

presented stress threshold is k̂it = 5000×
(
γ̂0 + x′itγ̂ + z′itβ̂

)
. The stress threshold’s distribution

(Figure 1a) is unimodal with a right tail stretching to just under $70,000. Around 80 per cent
of the distribution is located between $10,000 and $35,000, and the median household requires
residual income of approximately $20,500 per person to accommodate its variable allocations
v∗1t and state-contingent fixed requirements ε0t to avoid stress. The inter-quartile range in the
stress threshold is around $13,000, with the central fifty per cent of households requiring between
$14,500 and $27,500 for variable allocations and state-contingent spending. The distribution of
the threshold is distinct from that of residual income (and household income generally), exhibiting
substantially smaller levels of standard deviation, skewness and kurtosis (Table 1). Although the
stress threshold clearly differs across households, it exhibits substantially less dispersion than
overall household income.
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Figure 2. Histogram of: (a) Stress Thresholds k̂it, (b) Permanent γ̂0 and time-varying
(x′itγ̂ + z′itβ̂) components of Stress Thresholds, and (c) Welfare Sensitivity η̂i

The household’s permanent and time-varying expenditure requirements, γ̂0 and
(
x′itγ̂ + z′itβ̂

)
respectively, are presented in Figure1b. The permanent component of variable expenditure,
γ̂0, is larger in magnitude than x

′
itγ̂ + z′itβ̂, with the latter typically accounting for about 15

per cent of the stress threshold. The time-varying component, however, exhibits substantially
larger kurtosis which is reflective of the large impact of unanticipated fixed shocks zit for a
relatively small number of households. The two distributions differ significantly in terms of
their dispersion, indicating that the variation in stress thresholds depends predominantly on
permanent (or at least, enduring) differences between households (such as household-specific
habits and consumption preferences), and less so on time-varying factors such as unanticipated,
necessary expenditures which are fairly similar for the majority of households.
In contrast to the typical assumption of common welfare sensitivity, it is clear from Figure

1c that welfare sensitivity differs substantially across households. The mean level of welfare
sensitivity is 1.415, although the distribution is associated with a high level of kurtosis such
that large numbers of households exhibit less sensitivity to income or expenditure shocks (and,
therefore, have a flatter welfare curve) than the mean household (viz. have higher values of
η̂). Approximately 34 per cent of households have welfare sensitivity greater than 1.415, with a
small number of households exhibiting dramatically lower levels of welfare sensitivity than the
mean or median household (the maximal value of η̂ is 2.4). Assuming a typical non-stressed
household where kit − rit = −1, the impact of a two unit (i.e. $10,000) decline in per-capita
income increases the probability of financial stress by 45 per cent for a household with η based
on the 95th percentile of the distribution of welfare sensitivities, relative to 56 per cent when η
is based on the 5th percentile of this distribution.
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Table 1: Descriptive statistics for rit, k̂it and η̂i.

rit k̂it γ̂0i x′itγ̂ + z′itβ̂ η̂i
Mean 28,836 21,628 3.629 0.696 1.415
Median 22,058 20,534 3.417 0.645 1.362
Std deviation 24,138 9,572 1.693 0.620 0.126
Skewness 3.375 0.627 0.756 0.816 1.736
Kurtosis 29.515 3.298 3.538 4.155 7.122
25th percentile 13,943 14,545 2.367 0.288 1.326
75th percentile 37,207 27,544 4.644 1.020 1,467

Note: k̂it = 5000×
(
γ̂0i+x

′
itγ̂+z′itβ̂

)
.

5.1.1 Welfare Sensitivity and Household Income

To establish the relationship between welfare sensitivity and household income, we derive house-
hold income (and household income per family member) quintiles, and evaluate the mean value
of η̂i for households belonging to each quintile. We find that household sensitivity declines with
income (Table 2), with households in higher income quintiles typically having higher values of
η̂ and flatter welfare curves. The welfare sensitivity parameter for quintiles based on household
income per family member moves from 1.372 for the lowest income quintile to 1.515 for the
highest income quintile; this implies a fall in sensitivity to an income or expenditure shock for
households in larger income quintiles. These results are consistent with Blundell et al (2008)
who, using US data, find a positive relationship between the level of insurance for transitory
shocks (being z′itβ̂ in our model) and household income. In turn, the results are consistent with
Krueger and Perri (2006) who find a positive relationship between consumption stability and the
use of state-contingent credit.
We also find that η̂i falls, hence welfare sensitivity increases, with larger family size which

suggests that the capacity to insure against permanent or transitory shocks declines with family
size. Accordingly, larger-sized families typically have greater sensitivity to income or expenditure
shocks than their smaller-sized counterparts.

Table 2: Mean welfare sensitivity η̂i when grouped by income quintiles
Quintile Household Income Per-capita Household Income
1 1.372 1.372
2 1.395 1.372
3 1.423 1.390
4 1.427 1.430
5 1.461 1.515

5.2 Stress thresholds, family size and age

Table 3 presents the distribution of stress thresholds by family size and age of the primary
income earner. The Table suggests the presence of returns to scale in the household’s setting
of its stress threshold with the threshold declining with family size. In particular, the stress
threshold declines from a median of $22,390 for a single person household to $16,900 per person
for households containing five or more persons. The distributions also become more peaked with
family size, with larger households exhibiting a smaller inter-quartile range and a lower likelihood
of extreme stress thresholds.
Based on the typical scale fs%, with % acting as the scale parameter, the values in Table 3

imply an economies of scale parameter of 0.86 for the median household, 0.40 for households
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at the 5th percentile, 0.96 at the 25th percentile and about 0.81 for households at the 95th
percentile.11 These scales suggest that, with the exception of a small number of households at
the left tail of the stress threshold distribution, households exhibit relatively small economies of
scale. The results also indicate economies of scale significantly smaller than the % = 0.5 typically
assumed (see, for example, Burkhauser et. al., 1996). In terms of the latter, the use of % = 0.5
implies requirements that are substantially smaller than what would appear to be necessary for
a household to avoid financial stress; a household of size 5 or more, for example, has per-capita
requirements of $16,897 per person relative to $10,013 if % = 0.5 is assumed.12

Table 3: Distribution of Stress Threshold k̂it according to family size fsit and age of primary
income earner

Frequency 5% 25% 50% 75% 95% IQR
Family size fs
1 7,854 8,166 14,672 22,390 30,377 42,401 15,705
2 7,956 7,956 14,493 21,170 28,559 40,429 14,067
3 4,116 4,116 15,732 21,133 27,247 36,920 11,515
4 3,946 3,946 14,871 19,276 24,570 33,631 9,699
5+ 2,525 2,525 12,661 16,897 21,490 29,667 8,829

Age of primary income earner
18 - 29 4,834 10,261 16,920 22,600 29,065 39,431 12,145
30 - 39 6,047 10,003 16,646 22,160 29,094 41,301 12,448
40 - 49 6,090 9,044 15,885 21,659 28,672 40,492 12,787
50 - 59 4,300 8,633 15,830 21,554 28,056 39,740 12,226
60 - 69 2,489 6,342 10,860 15,862 22,939 33,199 12,079
70+ 2,492 6,154 8,983 12,214 16,776 25,848 7,793

Note: Summation across age and family size differs by 145 observations. This difference is based on
primary income earners aged less than 18.

Stress thresholds also decline with the age of the primary income earner. The median stress
threshold for persons aged 18-29 ($22,600) is significantly greater than that estimated for persons
aged over 60 ($13,650). The parameter estimates indicate a substantial decline in both the mean
(or median) and dispersion of minimal expenditure requirements for persons aged above 60,
predominantly due to a decline in minimal discretionary expenditure v∗1t. This result is consistent
with the general notion of declining consumption over the life cycle (see, for example, Gourinchas
and Parker, 2002). However, v∗1t represents the amount of discretionary expenditure required to
avoid financial stress. As such, older households appear to require substantially smaller levels of
expenditure to satisfy their consumption requirements and avoid financial stress. At the same
time, welfare sensitivity levels are fairly similar for households across each age bracket, with older
households being slightly less resilient to shocks than younger households.13 Consequently, our
evidence suggests an increasing capacity for older households to engage in effi cient expenditure.
This is consistent with the notion that, due to factors such as a typically lower opportunity cost
of time, older households are better able to engage in substitution that minimizes expenditure
whilst maintaining consumption levels (see, also, Aguiar and Hurst, 2009).

11The addition of each household’s housing expenditure to their stress threshold produced an economies of scale
parameter (0.83) only marginally smaller than that based solely on the stress threshold.
12The equivalent stress thresholds for the median household if we assume ρ = 0.5 are: $22,390; $15,832; $12,926;

$11,195 and $10,013 for family sizes 1 to 5+ respectively.
13Mean welfare sensitivities per age bracket are: 1.421 (18-29 years); 1.429 (30-39 years); 1.419 (40-49 years);

1.428 (50-59 years); 1.397 (60-69 years); 1.361 (70+).
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Figure 3. Stress thresholds and age (shaded area is the gap between mean household income
and mean stress threshold per age bracket).

Figure 3 provides a striking analogue to the household consumption lifecycle, showing how
stress thresholds change with age. The Figure suggests two core periods of change that take place
when moving from the 30s to the 40s and from the 50s to the 60s. Household stress thresholds
are essentially flat over the period where the primary income earner is between 20 and 40. Over
this period, household requirements exhibit little change. Requirements begin to decline over the
age period 40 to 60, albeit still at a relatively modest pace. Over the period covering 60 to 80
years of age, however, requirements fall dramatically and households are able to avoid financial
stress notwithstanding sharp declines in expenditure. This period typically coincides with (full
or partial) retirement and the concomitant decline in the opportunity cost of time.
It is important, however, to distinguish between the magnitude of the stress threshold and

the typical welfare level associated with each age bracket. In this respect, we find it sensible to
measure welfare as the typical difference between the household’s income and stress threshold.
Maximising this difference is analogous to minimizing the probability of financial stress for a
given level of welfare sensitivity. Pursuant to this measure, welfare is maximised at the median
age of 55, with welfare levels rising fastest over the period 45 - 55 years and declining at their
sharpest rate over the period 55 - 65 years.

5.3 Stress threshold to household income ratio

It is informative to evaluate the household’s total minimum expenditure requirements as a pro-
portion of household income. The total minimum expenditure requirement is determined as
the sum of the stress threshold and housing accommodation expenditure, and the proportion is

estimated as p̂it =
(
k̂it × fsit + v0t

)
/hyit, across all households and conditional on mit. This is

depicted in Figure 4, and indicates that the median household’s stress threshold and accommoda-
tion expenditure constitutes approximately 85 per cent of household income. For this household(
k̂it × fsit + v0t

)
< hyit such that the median household is not in a state of financial stress. Ac-

cordingly, the median household can handle a negative income shock (or an expenditure shock)
of approximately 15 per cent before it switches from mit = 0 to mit = 1 thereby being in a
position of financial stress.
There is, however, substantial variation around the median, with 50 per cent of households
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having minimum expenditure requirements between 64 and 120 per cent of household income. As
expected, p̂it declines with each income quintile, although households are susceptible to financial
stress irrespective of income quintile. This is also observed in Lusardi et al’s (2007) study of
financial fragility in the US, where a sizeable proportion of middle income households reported
an inability to come up with $2000 of emergency funds within 30 days.
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Figure 4. Stress Threshold and housing accommodation expenditure as a proportion of
household income for (a) all households p̂it, (b) non-stressed households p̂it|m̂it = 0, and (c)

stressed households p̂it|m̂it = 1.
Table 4: Distribution of stress threshold and housing accommodation expenditure as a

proportion of household income p̂it per income quintile
Quintile 5% 25% 50% 75% 95%
1 0.529 0.788 1.163 1.704 3.096
2 0.480 0.724 0.978 1.364 2.311
3 0.456 0.677 0.887 1.204 1.867
4 0.407 0.636 0.816 1.043 1.490
5 0.295 0.498 0.647 0.816 1.124
All 0.408 0.640 0.856 1.200 2.098

The median household in the bottom income quintile is associated with p̂it > 1 indicating a
position of financial stress (Table 4). Outside of this quintile, however, the median household
does not exhibit financial stress. Financially stressed households are clearly present in the inter-
quartile range pertaining to the first three income quintiles. Conversely, households in the
highest income quintile exhibit relatively low stress levels with the median household in this
quintile possessing household income that is approximately 50 per cent greater than the sum of
its stress threshold and housing accommodation expenditure.
The conditional distribution of p̂it provides a clear depiction of the distributional differences

in the stress threshold for families that are stressed (Figures 4b,c). It is clear that the distribution
of p̂it|m̂it = 1 differs substantially from its counterpart for non-stressed households. The median
value of pit for non-stressed households is just over 68 per cent, indicating that the median
household not currently in financial stress is capable of bearing a negative income shock of about
30 per cent before becoming financially stressed, with 50 per cent of households exhibiting the
capacity to bear negative income shocks of between 17 and 45 per cent before exhibiting financial
stress (Table 5).
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Table 5: Descriptive statistics for the stress threshold and housing accommodation expenditure
as a proportion of household income p̂it, conditional on financial stress

p̂it|m̂it = 0 p̂it|m̂it = 1 All
Mean 0.682 1.790 1.097
Median 0.692 1.355 0.856
Std deviation 0.183 7.827 4.818
Skewness -0.035 58.575 94.321
Kurtosis 2.545 4,184 10,950
25th percentile 0.554 1.142 0.640
75th percentile 0.826 1.730 1.200

The process whereby a household moves from being financially stressed to non-stressed ap-
pears significantly more convoluted than the converse situation. The median financially stressed
household requires a positive income shock of about 35 per cent to move from mit = 1 to
mit = 0. The situation is, however, complicated by the level of volatility in p̂it for financially
stressed households and the presence of a large number of households in the right tail of the
conditional distribution of pit. Given these properties, the median financially stressed household
is only weakly reflective of the set of financially stressed households. Accordingly, 50 per cent
of financially stressed households require subsidisation of between 14 and 73 per cent of their
household income to shift to mit = 0.

6 Household uncertainty and equivalence rates

6.1 The impact of welfare sensitivity and permanent consumption on
welfare levels

This section examines the distortions derived in Section 3. First, we evaluate whether there are
meaningful group-wise differences in permanent consumption requirements and welfare sensitiv-
ity. Using various diagnostics, it is reasonably clear that the distribution of household specific
consumption requirements and welfare is not uniform across the various household types. The
permanent component of discretionary consumption is greatest for lone households, group house-
holds and households without children, and falls significantly in the presence of children. The
results are broadly consistent with the presence of consumption lifecycle patterns where demand
for some subset of goods is age specific (eg. goods consumed by children) (Deaton et al. 1989;
Fernandez-Villaverde and Kruger, 2007; Gourinchas and Parker, 2002).
This is portrayed clearly when γ̂0j is disaggregated by family size, with the permanent com-

ponent of the stress threshold falling consistently from 86 per of minimum requirements to 79 per
cent for a 6 person household (Table 6). Welfare sensitivity also appears to differ by household
type and size. In particular, we find that η̂i falls, hence welfare sensitivity increases, with larger
family size. This suggests that the capacity to insure against permanent or transitory shocks
declines with family size, thereby inducing greater sensitivity to income or expenditure shocks
in larger—sized families.
The Impact column in Table 6 shows the impact of a $1000 per-person fall in household

income for each group in terms of the change in the group’s probability of financial stress. A fall
in household income for a household with children or a household with more family members
triggers a greater fall in utility than for a single person household or a couple with no children.
In particular, a $1000 fall in household income for a single person household has a relatively
small impact on the probability of stress, which rises by about 1.5 per cent. This increases to a
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5.2 per cent impact for a typical 4-person household. and a 5.7 per cent impact for a 5 person
household.

Table 6: Welfare sensitivity η̂j and permanent consumption γ̂0j by household type and family
size

Freq. γ̂0j η̂j
γ̂0j

k̂j
Impact

Household type
Couple family wo children or others 4237 3.717** 1.425** 0.857 0.6%
Couple family with children < 15 wo others 4244 3.274 1.390 0.821 5.4%
Couple family with depst wo others 513 3.449** 1.397 0.820 1.6%
Couple family with ndepchild wo others 641 3.716** 1.418** 0.845 0.9%
Lone parent with children < 15 wo others 1432 3.090** 1.379** 0.802 4.1%
Lone parent with depst wo others 284 3.539** 1.385 0.814 5.6%
Lone parent with ndepchild wo others 551 3.611** 1.408** 0.847 3.9%
Lone person 5527 3.880** 1.428** 0.856 1.5%
Group household 353 3.829** 1.422** 0.814 2.3%
Multi family household 213 2.986** 1.376 0.815 4.3%

Family size
1 5527 3.979** 1.428** 0.856 1.5%
2 5855 3.700** 1.419** 0.848 1.4%
3 2904 3.546** 1.404** 0.824 4.3%
4 2785 3.289 1.390 0.822 5.2%
5 1127 2.868** 1.371** 0.805 5.7%
6 370 2.808** 1.369** 0.793 5.5%

#Values marked with ** indicate that the sample for the particular group is statistically different (at
the .05 level) to the sample associated with the benchmarket household (being a Couple family with
children < 15 wo others or a family of size 4) using a Kolmogorov-Smirnov test. The colum entitled
‘Impact’is the percentage impact of a $1000 per person fall in household income on the probability of

financial stress.

6.1.1 Policy Implications

There are clear policy implications stemming from the results in Table 6. Households have
stickiness in their stress threshold that differs by household type and household size. In particular,
households with more family members exhibit less stickiness, and greater fluctuation, in their
discretionary expenditure requirements. Households also exhibit differences in welfare sensitivity,
with welfare outcomes for households with more members being somewhat more sensitive to
income shocks. Both of these outcomes are inconsistent with the general estimation of minimal
expenditure requirements based on households sharing a common level of stickiness in minimal
discretionary consumption and a common welfare sensitivity.
Consider a policy-maker compensating household groups by adjusting pre-tax household in-

come with the objective of equivalizing Vj with V . The policy-maker is required to make a choice
regarding the extent to which household specific welfare sensitivity and stickiness requirements
(in minimal discretionary consumption) are accounted for in determining the level of any compen-
sation. The welfare distortions associated with the assumptions depend on the biases (16) - (21).
Although the biases are non-zero unless ηj = η∗ and γ0j = γ∗0, the pertinent consideration is
whether assumptions regarding ηj and γ0j produce economically substantive differences between
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Table 7: Equivalence scales h
y,total

j /hy,total∗

Restriction
None η̂j = η∗ γ̂0j = γ∗0 both

Household type
Couple family wo children or others 0.519 0.517 0.472 0.470
Couple family with children < 15 wo others 1.000 1.000 1.000 1.000
Couple family with depst wo others 0.927 0.927 0.893 0.892
Couple family with ndepchild wo others 0.856 0.854 0.779 0.777
Lone parent with children < 15 wo others 0.688 0.689 0.717 0.717
Lone parent with depst wo others 0.646 0.647 0.611 0.612
Lone parent with ndepchild wo others 0.549 0.548 0.511 0.510
Lone person 0.270 0.269 0.238 0.237
Group household 0.618 0.617 0.553 0.552
Multi family household 1.165 1.166 1.244 1.246

Family size
1 0.279 0.278 0.248 0.247
2 0.540 0.538 0.496 0.495
3 0.799 0.798 0.758 0.757
4 1.000 1.000 1.000 1.000
5 1.131 1.134 1.243 1.245
6 1.350 1.354 1.503 1.507

Table 7 presents equivalence scales based on household type and family size conditional on
alternative assumptions regarding consumption stickiness and welfare sensitivity. The scales in
the column for which equivalence scales are computed with no restrictions (with the heading
‘None’) involve a policy maker that compensates for differences (between group j and the refer-
ence household) in both welfare sensitivity and the stickiness of discretionary consumption. In
contrast, the equivalence scales under the columns η̂j = η∗, γ̂0j = γ∗0 involve compensating only
for differences in welfare sensitivity and consumption stickiness respectively. The scale under
the column ’both’pertain to a policy-maker who does not compensate for either γ0j or ηj , but
rather assumes that stickiness and welfare sensitivity is the same for all households. This final
approach is reflective of the approach adopted in the literature to date.
It is clear that the equivalence scales h

y

j/h
y
∗ involving no restrictions are substantially differ-

ent to those where it is assumed that ηj = η∗ and γ0j = γ∗0. When distinguishing by household
type, the assumptions ηj = η∗ and γ0j = γ∗0 typically produce smaller equivalence scales thereby
underestimating the level of compensation needed to equivalise welfare levels. On the other hand,
when distinguishing by family size, a policy maker setting equivalence scales based on ηj = η∗ and
γ0j = γ∗0 will substantially over-compensate larger households, and under-compensate smaller
(up to 3 person) households. Taking into account differences in the stickiness of necessary discre-
tionary consumption and welfare sensitivity, a household with 5 members requires an additional
13 per cent in pre-tax income (relative to the benchmark household’s income), compared to an
additional 24.5 per cent if it is assumed that ηj = η∗ and γ0j = γ∗0.
Almost all of the difference in the equivalence scales is attributed to the assumption γ̂0j =

γ∗0. Consequently, decisions regarding the extent to which welfare equivalisation accounts for

20



differences in the stickiness of required discretionary consumption have a meaningful impact on
equivalence scales. The nature of required discretionary consumption changes with household
size (and household type) such that households require less to achieve the same stress level;
essentially learning to substitute in better ways. If the policy-maker holds larger households to
this improved level of substitution, the assumption γ0j = γ∗0 yields equivalence scales that tend
to over-compensate as household size increases.

6.2 The importance of intra-group differences for determining equiva-
lence scales

The calculations above indicate that γ0j is responsible for a greater level of the variation in the
equivalence scales than welfare sensitivity η. This is supported when looking at the unconditional
distributions of the differences between the equivalence scales with and without restrictions on
γ0j and η (using the average 4 person household as the benchmark or reference household).
Figure 5 shows that the difference between the restricted and unrestricted equivalence scales is
significantly greater following an assumption of homogeneous discretionary expenditure stickiness
(γ0j = γ∗0) rather than homogeneous welfare sensitivity (ηj = η∗). In the case of the former,
equivalence scales may be either positively or negatively distorted, whereas a restriction on
welfare sensitivity typically results in under-compensation.
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Although the impact of welfare sensitivity on equivalence scales is smaller than that of con-
sumption preferences, welfare sensitivity nevertheless changes significantly across households,
ranging from 1.28 to 2.39. At these two levels, the welfare impact for two households with other-
wise equal stress thresholds and household incomes is substantial.14 Table 7, on the other hand,
gives the impression that the effect of household differences in welfare sensitivity on equivalence

14Assume a single person household with income of $75,000 and a stress threshold of $65,000. A $5000 negative
shock in income increases the probability of stress from 6 to 22 per cent (when η is 1.3), and from 20 per cent to
33 per cent when η is 2.4.

21



levels is minor. This is conditional, however, on the acceptance that the location estimate ηj
is a reliable representation of the welfare sensitivity of group j. It is instructive, therefore, to
consider the range of equivalence scales observed for commonly adopted household groupings
when heterogeneity in welfare sensitivity is allowed.
Table 8 shows the distribution of the household welfare sensitivities across families of size 1 to

6. The 90 per cent range for welfare sensitivities tends to lie between between 1.3 and about 1.65
suggesting a reasonable level of dispersion in welfare sensitivity within groups. The dispersion
is largest for single person households, and declines with family size; the implication is that
family response to an income shock tends to become more homogeneous as family size increases.
Accordingly, the assumption of a common group level welfare is questionable, particularly for
smaller sized households.

Table 8: Distribution of η̂j across family size

Family size 5% 25% 50% 75% 95% IQR Mean
1 1.305 1.330 1.378 1.503 1.699 0.172 1.434
2 1.306 1.325 1.366 1.491 1.687 0.166 1.424
3 1.310 1.329 1.361 1.448 1.663 0.119 1.409
4 1.304 1.322 1.351 1.423 1.649 0.101 1.394
5 1.304 1.325 1.347 1.395 1.570 0.070 1.377
6 1.310 1.327 1.348 1.389 1.510 0.061 1.373

6.2.1 The tails of welfare sensitivities - under/over compensation

To examine the impact of within-group heterogeneity in welfare sensitivity, we derive equivalence
scales at the left and right tails of the welfare sensitivities for each group. In particular, we derive

the equivalent income for each group by setting ηj such that P
(
η < ηj_low

)
= 0.01 (viz. a 1

per cent probability of observing η less than ηj_low) and P
(
η < ηj_high

)
= 0.99. By using

ηj_high, for example, we assume that the policy-maker estimates equivalence scales on the basis
that compensation for group j will equivalise 99 per cent of households as opposed to the average
household in the group. As such, since ηj_high ≥ ηj , the equivalence income based on ηj_high
will be greater than or equal to the equivalence income obtained by adopting ηj . In the case
where welfare sensitivity is homogeneous for group j, the equivalence scales will be identical to
h
y

j/h
y
∗ observed in Table 7.
Table 9 indicates that the equivalence scales exhibit a relatively small change when ηj_low is

adopted in place of ηj for households of all sizes. This is expected since the bias stemming from
choosing a lower value of welfare sensitivity is bounded on the left In the converse situation,
however, the equivalence scale increases, with the absolute increase varying across the family
sizes. In the case fs = 2 or 6 the equivalence scale when adopting ηj_high increases by 5.9 and
and 5.6 percentage points respectively, while the adoption of ηj_high for fs = 4 or 5 results in a
greater than 4 percentage point increase in the equivalence scale.
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Table 9: Household equivalence scales h
y,total

j /hy,total∗ using η̂j , η̂j_low, η̂j_high
Family size η̂j η̂j_low η̂j_high
1 0.279 0.275 0.289
2 0.540 0.533 0.599
3 0.799 0.790 0.829
4 1.000 0.989 1.041
5 1.131 1.120 1.174
6 1.350 1.338 1.406

Since a change in welfare sensitivity for a particular family size can produce meaningful
changes in the equivalency scale, it is instructive to consider the general appropriateness of
grouping households by reference to typical demographic features such as family size. A sub-
stantial level of dispersion in the equivalence scales following a grouping by family size or type
implies that these groupings may fail to provide an adequate characterisation of the welfare
differences between households.
Figure 6 shows the dispersion in equivalence scales for all households, and for households

characterised by family size. For each family size, the level of within-group dispersion, due to both
consumption preferences and welfare sensitivities, is substantial. The results are consistent with
evidence that, even after accounting for household size, substantial lifecycle effects are observed
in (durable and non-durable) consumption expenditure (Fernandez-Villaverde and Kruger, 2007;
Gourinchas and Parker, 2002). Similarly high levels of within-group dispersion are observed
when grouping by household type, and are not mitigated by sub-grouping by reference to income
quintiles or geographical characteristics.
As such, we measure the ‘tastes’and preferences highlighted by Fisher (1987) as being relevant

to any welfare comparison and find them to be of major importance (see, also, Jorgenson and
Slesnick, 1984). In particular, the choice of a location measure such as the ‘average’equivalence
scale is likely to substantially under-compensate a large proportion of households belonging to
the particular group. Interestingly, the distribution of equivalence scales also differs for each
family size, especially in terms of kurtosis. As family size increases, the proportion of values
observed in the far right tail increases (Table 10). Accordingly, the welfare loss associated with
the policy-maker’s choice of an ‘average’equivalence scale appears to increase with family size.
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y,total

j /hy,total∗ when grouped by family size
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Table 10: Dispersion of equivalence scales h
y,total

j /hy,total∗

Family size Mean Std IQR Skewness Kurtosis Sig#

1 0.283 0.115 0.168 0.489 2.813 <0.01
2 0.546 0.215 0.297 0.565 3.113 <0.01
3 0.808 0.284 0.370 0.529 3.580 <0.01
4 1.012 0.328 0.427 0.550 3.399 <0.01
5 1.142 0.368 0.472 0.500 3.579 -
6 1.361 0.517 0.613 0.935 4.949 <0.01

#Based on a Kolmogorov-Smirnov test that the sample of equivalence scales for family size j is from
the same underlying distribution as that for a family with 4 members.

7 Conclusion

A model of household stress is developed that is used to estimate household-specific financial
stress thresholds using data from the Household, Income and Labour Dynamics in Australia
survey. The framework defines the stress threshold as the point at which household income is in-
suffi cient to meet household expenditure requirements. The model is based on the understanding
that household expenditure can be disaggregated into fixed and variable costs and we distinguish
between these two types of costs based on the household’s capacity to reduce or avoid the cost
in the short term. Fixed costs - which the household cannot avoid in the short term - are further
divided into those costs that depend only on time, and costs that depend both on time and some
unknown state contingent measure. Variable costs, on the other hand, may be adjusted with
households being able to shrink and substitute expenditure for the goods and services that fall
under this cost type in order to satisfy their budget constraint.
The stress thresholds are estimated as the unobserved level of fixed and variable expenditure

that the household treats as being necessary expenditure. Necessary expenditure is identified
indirectly using information from household financial stress indicators. We provide the distribu-
tion of stress thresholds across households and show that the distributions vary across household
size and the age of primary income earners. We also show that the distribution of stress thresh-
olds differs markedly depending on whether households are currently stressed. Household stress
thresholds for households in financial stress exhibit significantly higher levels of skewness and
kurtosis than for non-stressed households. Accordingly, we provide evidence that the range of
income or (non-discretionary) expenditure shocks necessary to place a non-stressed household
in financial stress is substantially less dispersed than the income shift required to transition a
household from the stressed to the non-stressed state.
We find heterogeneity in both discretionary consumption preferences and welfare sensitivity

across households, with the financial stress thresholds being particularly influenced by the for-
mer. Smaller sized households typically exhibit greater stickiness in their stress threshold, and
this appears to be related to the ability of smaller sized households to generate smoother ex-
penditure. In contrast, larger households exhibit greater levels of state-contingent expenditure.
Interestingly, however, the range of stress thresholds declines with family size, with larger house-
holds exhibiting greater homogeneity in their minimum expenditure requirements and greater
sensitivity to income or expenditure shocks.
Our framework leads naturally to the computation of equivalence scales and we show that

equivalence scales depend significantly on assumptions regarding heterogeneity. We derive the
distortions associated with assuming homogeneous welfare sensitivity and discretionary consump-
tion, with the resulting estimates indicating that the assumption of homogeneity leads to both
under- and over- estimation of group-wise equivalence scales. The impact of the erroneous as-
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sumption of homogeneous discretionary consumption stickiness is particularly large, resulting
in equivalence scales that typically over-compensate larger households and under-compensate
smaller households.
The importance of accounting for heterogeneity is further magnified when we consider vari-

ations within a household grouping such as by household type or size. There is substantial
variation in discretionary consumption stickiness and welfare sensitivity within each group, re-
sulting in a wide range of within-group equivalence scales. In particular, we show that the
choice of a location measure (such as the average equivalence scale for a group) results in under-
compensation for a significant proportion of households within each group, with the level of
potential under-compensation increasing with family size.
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Appendix A: Covariates

The estimation of v∗1it and ε0it requires covariates xit and zit. The variables {xit, zit} are listed
in Table A1. The inclusion of renter and mortgagee indicator variables is motivated by research
suggesting that renter’s non-housing consumption is different to that of owners (Yang, 2009).
In the estimation dataset, approximately 59 per cent of observations pertain to households that
partially or fully own a home, whereas approximately. 41 per cent are renters. About 24 per
cent of home owners own their home outright with the remaining 35 per cent making mortgage
repayments. These numbers are fairly consistent with the Australian Bureau of Statistics’Survey
of Income and Housing showing that, in 2011-12, renters constituted a little over 30 per cent of
all households, about 37 per cent of households were paying off a mortgage, and approximately
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31 of households owned their home outright.15 We include variables pertaining to employment
status and number of jobs as indicators of the stability of income earned over the financial year,
and use variables relating to health or major events such as pregnancy or retirement as potential
indicators of a consumption shift.

Table A1: Covariates used to estimate stress threshold kit
xit xit (cont.) zit
employee promoted death of close friend
self-employed back together with spouse weather disaster
employer retired death of close relative
unpaid worker year = 2003 death of spouse
# jobs in last FY year = 2004 fired from job

long-term health condition
... serious injury to family member

renter year = 2012 serious personal injury
mortgagee family member jailed
changed jobs jailed
married victim of property crime
changed residence separated
pregnancy victim of physical crime

Since zit constitutes a set of instruments for unanticipated, unavoidable expenditure ε0it,
the variables chosen represent a set of major, largely unpredictable events that impact on the
household’s fixed cost v0it. We note that indicator variables for the years 2001 and 2010 are
not included since the variables listed in zit (and some of the variables in xit) are not available
for 2001 and the questions used to construct the dependent variable mit were omitted from the
survey in 2010.

Appendix B: Estimated results for the structural model

Table B1 provides parameter estimates for both the estimation dataset (comprising the 26,397
observations used to estimate the basic model) and the full dataset contains 52,421 observations
covering 6, 154 households. Estimation of the structural model requires us to choose a set of priors(
µ0, σ

2
0

)
for the expected threshold k̂it and a set of priors (n0, s0) for the uncertainty parameter

ηi. We choose the following relatively uninformative priors for kit: µ0 = 23, 000/5000, σ0 =
4. Essentially we assume that each person requires expenditure of approximately $23,000 to
avoid stress. This figure is based on the average residual income for households when mit = 1
and assumes that a level of expenditure in this ballpark is reflective of the expenditure that a
person requires for consumption v∗1it and unanticipated, fixed expenditure ε0it. We adopt a large
standard deviation to reflect our considerable uncertainty regarding the expected value of kit.
We set (n0, s0) such that we assume that ηi has a prior mean of unity and a standard deviation

of 0.5. These values are set such that, given a typical level of residual income per person of
around $25,000 (which is approximately the mode of the distribution of residual incomes), the
unconditional probability of a household being financially stressed is about 1 in 3 (with a 90 per
cent chance of being between 15 and 41 per cent). This is consistent with both the HILDA dataset
and ABS data on household poverty (ABS, 2004; 2011). As a point of comparison, Lusardi et
al. (2011), found that around 25 per cent of US respondents to a 2009 survey were certain that

15Our proportions cannot be compared directly to those of the ABS. Our proportions are based on all observa-
tions whereas the ABS proportions refer to a single point in time.
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they could not come up with $2000 within 30 days (and can, therefore, reasonably be considered
to be financially fragile), with nearly 50 per cent responding that they would probably be unable
to come up with $2000 within 30 days.

Table B1: Parameter estimates for xit, zit for the structural model
xit Coeffi cient zit (cont.) Coeffi cient
employee 0.266** death of spouse or child -0.068
self-employed -0.099 fired from job or redundant 0.241**
employer -0.056 serious injury to family member 0.227**
unpaid worker -0.184 serious personal injury 0.207**
# jobs in last FY 0.341** family member jailed -0.064
long-term health condition -0.009 jailed -0.262
renter 0.095 victim of property crime 0.161**
mortgagee 0.047 separated 0.709**
changed jobs 0.227** victim of physical crime -0.015
married 0.027
changed residence 0.448** Estimation dataset
pregnancy 0.104 Obs 26,397
promoted 0.102 E (m̂it|mit = 0) 0.277
back together with spouse -0.024 E (m̂it|mit = 1) 0.582
retired -0.152 E (m̂it > 0.5|mit = 1) 0.616
year = 2003 -0.134** E (m̂it ≤ 0.5|mit = 0) 0.764
year = 2004 -0.223** E (m̂it > 0.5) 0.373
year = 2005 -0.323** E (mit) 0.364
year = 2006 -0.307**
year = 2007 -0.256** Full dataset
year = 2008 -0.371** Obs 52,421
year = 2009 0.012 E (m̂it|mit = 0) 0.201
year = 2011 0.214** E (m̂it|mit = 1) 0.637
year = 2012 0.047** E (m̂it > 0.5|mit = 1) 0.670

E (m̂it ≤ 0.5|mit = 0) 0.826
zit Coeffi cient E (m̂it > 0.5) 0.274
death of close friend 0.229** E (mit) 0.203
weather disaster -0.173
death of close relative 0.108**

Coeffi cients denoted ** are significantly different to zero at the .05 level..

Appendix C: Estimation of reduced form models

To investigate the properties of the dataset, we estimated reduced form linear, Probit and logit
models. The reduced form models use {rit, xit, zit} as explanatory variables for mit. The results
were similar across the reduced-form models, therefore we restrict attention to the Probit model.
The Probit model’s coeffi cients in Table C1 imply that the probability of financial stress

declines with residual income rit and paid employment. The ownership of a house also reduces
the probability of financial stress, whereas renting or repaying a mortgage increases the proba-
bility of financial stress. There are clear time effects that appear to be associated with general
macroeconomic conditions that show declining probabilities of financial stress until 2008, after
which the probability of financial stress rises until 2012. Not surprisingly, major events such as
death, injury or separation increase the probability of financial stress.
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Overall, the Probit model has diffi culty distinguishing between financially stressed and non-
stressed households with the difference between the expected conditonal probabilities E (m̂it|mit = 1)−
E (m̂|mit = 0) , being just under 13 per cent. The model also tends to under-predict, thereby
failing to adequately capture the prevalence of financial stress across households. If we assume
that households with a greater than 50 per cent probability of mit = 1 are financially stressed,
only 20.13 per cent of observations are associated with financial stress compared to the 36.39 per
cent observed in the dataset. Likewise, only 35 per cent of financially stressed households are
correctly predicted.

Table C1: Parameter estimates from a reduced-form Probit model
xit Coeffi cient zit (cont.) Coeffi cient
employee -0.134** death of spouse or child 0.014
self-employed -0.228** fired from job or redundant 0.178**
employer -0.123** serious injury to family member 0.182**
unpaid worker 0.017 serious personal injury 0.183**
# jobs in last FY 0.001 family member jailed 0.316**
long-term health condition 0.017 jailed -0.201
renter 0.339** victim of property crime 0.256**
mortgagee 0.220** separated 0.433**
changed jobs 0.302** victim of physical crime 0.345**
married -0.026
changed residence 0.197** rit -0.000**
pregnancy 0.122**
promoted 0.089** Estimation dataset
back together with spouse 0.090 Obs 26,397
retired -0.129** E (m̂it|mit = 0) 0.323
year = 2003 -0.236** E (m̂it|mit = 1) 0.453
year = 2004 -0.336** E (m̂it > 0.5|mit = 1) 0.354
year = 2005 -0.475** E (m̂it ≤ 0.5|mit = 0) 0.886
year = 2006 -0.545** E (m̂it > 0.5) 0.201
year = 2007 -0.551** E (mit) 0.364
year = 2008 -0.673**
year = 2009 -0.596** Full dataset
year = 2011 -0.471** Obs 52,421
year = 2012 -0.569** E (m̂it|mit = 0) 0.183

E (m̂it|mit = 1) 0.372
zit E (m̂it > 0.5|mit = 1) 0.257
death of close friend 0.138** E (m̂it ≤ 0.5|mit = 0) 0.959
weather disaster 0.051 E (m̂it > 0.5) 0.086
death of close relative 0.086** E (mit) 0.203

Coeffi cients are based on estimation dataset. Coeffi cients denoted using ** are significantly different to
zero at the .05 level.
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