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Abstract

I provide a quantitative assessment of the labor market and welfare effects of return-

to-work policies targeted at disability insurance (DI) recipients. I do so by estimating

a life-cycle model in which individuals with different health evolving over time choose

consumption, labor supply, and DI application. I find that a wage subsidy incentiv-

izing return to work is welfare improving, and the willingness to pay for such reform

is increasing in sickness and decreasing in wealth. This policy increases labor force

participation of DI beneficiaries by 4.6 percentage points, and decreases the DI rate by

5.7 percentage points. A policy mandating a 10% yearly eligibility reassessment would

decrease the welfare of individuals in bad health and poor economic condition, and

force about 30% of the beneficiaries to exit the program, 54% of whom would return to

work.
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1 Introduction

In most OECD countries the rules governing disability insurance (DI) programs have changed
considerably in the recent decades with a remarkable shift towards policies aimed at re-
integrating people experiencing a DI episode into the labor market. These return-to-work
policies, such as in-work benefits, provision of employment support and vocational rehabil-
itation are aimed at containing DI program expansion – in OECD countries in recent years
public spending on disability amounted on average to 2.1% of GDP and it has proven to be
rather stable over time – and reduce its work disincentive effects (OECD, 2010).

Despite the introduction of the return-to-work policies in many institutional contexts,
there is heterogeneous evidence on their effects. What is the labor supply response to their
introduction? Do they affect DI program enrollments? Which individuals are more affected?
Are individuals better off after their introduction? The answers to these questions are crucial
to effectively design return-to-work policies. In this paper, I address these questions by
estimating a model of labor supply and savings behavior, which allows me to account for
the full dynamic effects of alternative policies on agents’ choices and welfare. In particular,
I focus on two specific policies that are illustrative of the main changes in the DI program
of many countries in the last decade: a wage subsidy received when returning to work after
a DI episode and a continuous eligibility reassessment of DI beneficiaries.

I focus on individuals approaching retirement age for whom DI has been shown to play
an important role in their departure from the labor market (Wise, 2016); in particular I con-
sider men living with a partner. In the model, individuals choose whether to participate in the
labor market and how many hours to work. Moreover, they can apply for DI. DI applicants
are accepted with probability depending on health and age. The model allows for uncertainty
about wage realization, health development, and life expectancy. In developing the model,
I devote special attention to the measure of health and the evolution of health over time. I
construct a continuous health index using a set of objective health indicators collected in the
English Longitudinal Study of Ageing (ELSA) replicating the health conditions covered by
the health assessment used to determine eligibility for DI benefits. Health depends on age
and on a stochastic component allowing both persistent and transitory shocks. Health status
enters the deterministic component of the exogenous wage process (productivity channel)
and the probability of surviving to the next period; moreover, there is a time cost of being in
poor health that affects utility through leisure.

I estimate the model using ELSA data from 2002–2008, a period in which DI policies
and rules were relatively stable. The model parameters are estimated in two steps. First,
the parameters of the exogenous health and wage processes are estimated using standard
minimum distance techniques. Second, the remaining parameters are estimated using the
Method of Simulated Moments to match profiles generated by the dynamic model with data
age profiles of assets, labor force participation (LFP), hours worked, and DI participation.
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The model is able to replicate the main patterns observed in the data and heterogeneity by
age and health in decision profiles quite well.

I use the model to simulate individual responses to two alternative policy scenarios. First,
I introduce financial incentives to return to work in the form of a wage subsidy received in
the first year of work after a DI episode that is proportional to the DI benefit amount. Second,
I implement a yearly eligibility reassessment of DI beneficiaries which occurs with a certain
probability. Because I use a more detailed measure of health than in previous works, I can
better investigate heterogeneity in behavioral responses.

I document a number of relevant findings that can be summarized in three broad con-
clusions. First, my findings suggest the presence of a significant capacity to work among
relatively younger claimants with less severe disabilities that can be brought out by return-
to-work policies. If DI beneficiaries were allowed to receive the benefit for an additional
year when returning to work, the DI rate for those receiving DI at least once, would de-
crease by 5.7 percentage points, and LFP would increase by 4.6 percentage points for the
same group. Reassessing the eligibility of 10% of DI recipients every year at random would
force about 30% of beneficiaries to exit the program. Of these, about 54% would return to
work. Second, the one-year wage subsidy increases the program’s generosity and DI enroll-
ment for a specific group of individuals, namely those approaching retirement age that are
at the margin of program entry (i.e. in relative good health and relatively good economic
conditions), but this effect does not prevail. Third, the welfare effects are on average small
but positive for the first policy scenario, negative and approximately zero for the second. In
both cases, they exhibit large heterogeneity by health level. The willingness to pay for the
introduction of a wage subsidy is positive for both low- and high-health individuals and it
increases with the level of sickness, reaching is maximum for those with moderate disability.
On the contrary, a policy introducing a continuous health reassessment would increase the
welfare only among individuals in good health and strongly reduce the welfare of those in
bad health.

Results proved to be robust to alternative model specifications regarding the relative risk
aversion coefficient, the variance of the temporary health shocks, the fixed cost of work and
the introduction of application costs.

The remainder of the paper is structured as follows. Section 2 presents a literature review
and discusses my paper’s contributions. Section 3 presents the UK DI system and Section 4
the model of lifetime decision making. Section 5 introduces the data and the health meas-
ure. Section 6 presents the estimation strategy and estimation results. Section 7 shows the
model’s ability to replicate the main patterns observed in the data. Section 8 presents the
results of the policy reforms and their robustness to alternative model specifications and
Section 9 concludes.
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2 Related literature

This paper is primarily related to the recent literature on the effectiveness of return-to-work
incentives targeted at DI beneficiaries. In particular I investigate the effect of financial and
non-financial incentives to return to work. In both areas, the results in the literature are
mixed.

Focusing on return-to-work reforms that exclusively involve changes in financial work
incentives, Benı́tez-Silva et al. (2011) use a life-cycle framework to show that a proposed US
policy that allows DI recipients to keep a portion of their benefit if they return to work has
negligible effects on both DI inflows and LFP. Kostøl and Mogstad (2014) explore a similar
reform implemented in Norway and find positive and sizable effects on LFP; however, they
cannot estimate the level of induced DI entry. Campolieti and Riddell (2012) conclude that
the introduction of an annual earnings disregard in Canada has substantial effects on LFP
but no effects on DI entry or exit. Zaresani (2018); Zaresani et al. (2021) find sizeable
effects on labor supply and earnings of return-to-work policies comparing two Canadian
provinces with different clawback regimes. Ruh and Staubli (2018) explore a relaxation of
the earnings restrictions in Austria and find an increase in LFP among DI beneficiaries that
is entirely offset by the increase in new claimants.

For what concerns non-financial return-to-work incentives, mainly in the form of health
reassessments during the DI episode, to the best of my knowledge there is no much evid-
ence in the literature, apart from Autor and Duggan (2006) and Adam et al. (2010) that
consider both financial and non-financial incentives together and find modest effects on
LFP. The literature has mostly concentrated on the effect on LFP and DI rate of increased or
decreased stringency of the initial health assessment to enter the program (Low and Pista-
ferri, 2015; Gruber and Kubik, 1997; Karlström et al., 2008; Staubli, 2011; Borghans et al.,
2014; de Jong et al., 2011). This literature mainly conclude that stricter screening processes
are likely to reduce DI dependence and increase LFP, signaling the presence of substantial
working capacity among beneficiaries. However, depending on the generosity of the welfare
system, screening stringency might generate substitution effects with other benefits. Low
and Pistaferri (2015) evaluate the welfare consequences of more stringent health assessment
and find that more generous entry conditions increase welfare whereas more stringent one
decrease it.

I contribute to these two strands of the literature by providing additional evidence re-
garding the dynamic incentives and the welfare consequences of return-to-work policies.
The structural approach with respect to reduced form analyses allows the evaluation of the
welfare consequences of policy reforms and the assessment of policies that have not been
implemented or that are too costly to evaluate in an experimental setting. In particular, I
consider a proportional wage subsidy paid for the first year of work after a DI episode (fin-
ancial return-to-work incentive) and a continuous DI eligibility reassessment (non-financial
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return-to-work incentive) which has recently received attention both in the UK and in the
US institutional contexts. For what concerns financial return-to-work incentive, with respect
to Benı́tez-Silva et al. (2011), my model considers heterogeneity in LFP by level of health
and therefore allows the investigation of differences in behavioral responses. Additionally, I
document the two competing mechanisms at play when introducing financial return-to-work
incentives–an increased incentive to exit the program induced by the wage subsidy and an
increased benefit generosity with potential increase in DI entry–and their importance in the
UK institutional context, with particular attention to the characteristics in terms of health,
age and wealth of individuals responding differently to these incentives. Moreover, I in-
vestigate a rather unexplored policy scenario in which DI beneficiaries are reassessed with
a certain probability on a yearly basis, accounting for the potential interaction with other
welfare benefits.

Finally, this paper contributes to the growing literature on the welfare consequences
of DI changes. Very few papers provide an estimate of the willingness to pay for policy
changes. Low and Pistaferri (2015) use estimates from a dynamic life-cycle model of labor
supply and DI application to show that a less strict screening process increases welfare be-
cause the effect of reduced false rejections offsets the effect of increased false applications.
Moreover, welfare is improved by more generous payments because the positive effect of an
increased level of insurance among the more disabled outweighs the negative effect of too
high insurance among the less disabled. Looking at a return-to-work policy, Benı́tez-Silva
et al. (2011) find instead that the possibility of working while retaining part of the benefit
is welfare-improving among the DI beneficiaries, but the overall effect is negative because
the costs for the other taxpayers are higher than their willingness to pay for having this op-
portunity. In contrast to Low and Pistaferri (2015) who model the behaviors of US men
aged 23–62, I focus on older workers approaching retirement age. Moreover, I complement
their analysis by focusing on policy reforms aimed at increasing program exit rather than
controlling program entry and I use a richer health measure that allows me to better account
for heterogeneous responses to the policy reforms. Unlike Benı́tez-Silva et al. (2011) I find
a positive welfare effect of working while retaining the benefit not only for DI beneficiar-
ies but also for individuals in good health. While both models predict modest effects on
DI entry and discontinuous LFP for DI beneficiaries receiving the wage subsidy, there are
some crucial differences in the institutional backgrounds and in the policy considered that
might help explain the different results. In the UK, the DI program provides a low flat rate
benefit amount as opposed to the earnings-related benefit of the US: the replacement rate of
DI in the UK was about 15% of average earnings in the late 1990’s (Banks et al., 2015b),
whereas it was between 23 to 74% in the US in the same period (Autor and Duggan, 2003).
Therefore, the cost of the subsidy is likely to be higher in the US than in the UK. Moreover,
I consider a policy that subsidizes only the first year of work after a DI spell and not all the
subsequent years up to DI exit as in Benı́tez-Silva et al. (2011). The policy I consider is less
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generous but effective in inducing individuals on the margin of program entry to exit DI in
the UK context.

3 Disability insurance programs in the UK

In the UK, DI was first introduced in 1948 under the name of Sickness benefit. The bene-
fit entitlement was linked to contributions whereas the benefit amount was flat, unrelated
to earnings and with unlimited duration. A medical assessment administered by personal
doctors was required to get the benefit. In 1971, a more generous benefit (Invalidity benefit)
was introduced.1

The sharp increase in public spending as well as the increase in the number of claimants
were arrested with the 1995 reform (see Figure 3.1) which replaced Sickness benefit and
Invalidity benefit with Incapacity benefit, taxable and paid up to state pension age. To qualify
for the first 28 weeks of benefit the medical assessment remained the same as for Sickness
Benefit. A higher benefit was paid after the first 28 weeks, provided that the individual
passed the Suitable work test, administered at the regional level. Recipients may be able to
do some types of work, called ‘Permitted Work’, within limits on weekly hours and earned
income.

In line with the 1995 reform, the 1999 Welfare Reform and Pensions Act remarkably
tightened eligibility conditions. Contribution requirements referred only to contributions
paid in the last three years before the start of incapacity2 and a new instrument was in-
troduced to assess eligibility, the Personal capability assessment (PCA). The PCA was a
self-assessed health test aimed at fostering return to work. The PCA was integrated with
documentation on diagnosed conditions sent by the applicant’s doctor to the Department of
Work and Pension and it might be followed by a medical examination.3 Rejected applicants
had the right to appeal within one month of the date of the final decision. Appeals were con-
sidered by a tribunal, likely to include a lawyer and a doctor. While the appeal was pending,
unemployment benefit could be received.

The Pathways-to-work program, started in 2003 as a pilot program and then progress-
ively extended in the following years, was instead aimed at facilitating Incapacity benefit
beneficiaries to move off benefit receipt and back into paid work. There were three main
elements of the program. The first one was a mandatory work-focused interview eight weeks

1In 1983 a major reform was introduced that transferred administration of sick pay claims to employers,
who are mandated to pay Statutory Sick Pay for the first eight weeks of sickness (increased to 28 weeks in
1986). Sickness benefit remained available for those who would not qualify to Statutory Sick Pay.

2The reform introduced also a benefit cut and a means-testing with regard to private pension income: for
private pension income exceeding £85 a week the benefit amount was reduced ‘by an amount equal to 50% of
that excess’.

3People who assessed 80% disabled, who already received other means-tested disability benefits targeted
to severely disable individuals, or with severe mental illness documented by a doctor, are exempted from the
PCA.
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Figure 3.1: Total spending on Disability Benefits in the UK, 1978–79 to 2022–2023

Source: Department of Work and Pensions, Benefit expenditure and caseload tables, November 2018
(https://www.gov.uk/government/publications/benefit-expenditure-
and-caseload-tables-2018.)
Notes: Spending on Sickness Benefit, Invalidity Benefit, Severe Disablement Allowance, Income Support on
grounds of disability, Incapacity Benefit, and Employment and Support Allowance.

after benefit claim if aged between 18 and 59, and other five monthly interviews for those
remaining in the program. The second element was the Return to Work Credit, a financial
incentive to return to work paid to individuals who had received Incapacity benefit for at
least 13 weeks and had found work, provided that they worked at least 16 hours a week and
they earned no more than £15,000 a year. The last element was a set of new and exist-
ing coaching activities, offered to those in receipt of Incapacity benefit, aimed at improving
work readiness by helping individuals with job search and to manage health related problems
within a work context (Adam et al., 2010).

Finally, in 2008 Employment and support allowance was introduced for new claimants
in place of Incapacity benefit. A Work capacity assessment, stricter than the previous health
test, determined eligibility to the benefit and classified claimants into two groups: the sup-
port group and the work-related activities group. If classified as able to follow work related
activities, individuals had to attend the Pathways-to-work program, those in the support
group were instead entitled to the benefit without additional requirements. From 2011 to
2014, existing Incapacity benefit claimants had been reassessed and those eligible moved to
Employment and support allowance.

Figure 3.1 reveals that the 1995 reform has arrested the sharp increase in DI spend-
ing, whereas the introduction of Employment and Support Allowance did not reduce the
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spending further. This was mainly due to a lower than expected reduction in the number of
claimants after the introduction of the new health assessment (Banks et al., 2015a). Figure
A.4 in Appendix A shows clearly that the numbers on DI benefits have continued to grow.

For individuals not eligible for contributory benefits, in the 1970s a set of benefits to
compensate the extra cost endured by disabled individuals was introduced. The current be-
nefits are the result of the 1992 reform which introduced Disability Living Allowance (DLA)
for those starting to claim the benefit before age 65. For those aged over 65, Attendance Al-

lowance (AA), introduced in 1971, remained available. Finally, other means-tested benefits
(Income support and Working tax credits) have specific premia for disability.4

The DI program rules implemented in the model mimic those of the Incapacity Benefit
program in force between 1995 and 2008. Compared to the US, in the UK there is no need
to be out of the labor market for several months in order to apply for DI, both employed and
unemployed individuals can apply for the benefit, and there is not a long waiting period for
the final examiner decision: in a few weeks after applications accepted applicants start to
receive the benefit.

4 The model

In the model, a household head seeks to maximize his expected lifetime utility of the form:

U(ct, lt) + Et

[
T+1∑
j=t+1

βjΠs(j − 1, t)
(
πs
jU(cj, lj) + (1− πs

j )b(aj)
)]
, (4.1)

where t = 1, 2, . . . , T . In each period t, the individual receives utility (Ut) from consump-
tion (ct) and leisure (lt). When he dies, he values bequest of assets according to a bequest
function, b(at), with at denoting assets at time t. Let β be the discount factor, Πs(j, t) be the
probability of living to age j conditional on being alive at age t and πs

t be the probability of
being alive at time t conditional on being alive at time t− 1. Subject to the constraints out-
lined below, the household head maximizes Equation (4.1) by choosing consumption (ct),
hours worked (ht), whether to apply for DI (dappt) or continue to claim it (dt).

The within-period utility function is a CRRA, non separable in consumption and leisure,
of the form:

U(ct, lt) =
1

1− ν
(cγt l

1−γ
t )1−ν . (4.2)

The parameter γ represents the consumption weight, and the lower the γ the greater the
weight placed on leisure. The parameter ν, given the CRRA utility function, represents
the relative risk aversion coefficient and the elasticity of intertemporal substitution of the

4Details on these benefits are reported in the description of 2003/2004 Tax and Benefit system in Appendix
I.
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consumption and leisure composite good, for which a Cobb–Douglas aggregator is used.
The elasticity of intertemporal substitution of consumption, holding the labor supply fixed,
is given by 1/(γ ∗ (ν − 1) + 1). Hours of leisure lt are defined as follows:

lt = L− ht − ϕH(Ĥ −Ht)− ϕPt1(ht > 0), (4.3)

where L is the time endowment, ϕH is the time cost of being sick, and (Ĥ − Ht) is a
measure of sickness, obtained as the highest possible level of health (Ĥ) minus the current
level of health of the individual (Ht).5 If the health status (Ht) worsens and ϕH is positive
(as expected), leisure (lt) will decrease and because leisure is a normal good, the marginal
utility of leisure will increase. Following French (2005) and French and Jones (2011), the
cost of being in poor health enters the utility as a time cost, and the same is true for the cost
of participating in the labor market ϕPt . The fixed cost of work is allowed to vary with age6,
such that ϕPt = ϕP0+ϕP1t. The intercept of the fixed cost of work is allowed to vary at State
Pension Age (SPA) for part-time workers, and the fixed cost becomes ϕPt = ϕP2 + ϕP1t;
this is because in the UK an increasing fraction of individuals remains active after SPA
but reduces hours worked. This seems not to be driven by policy incentives or financial
constraints but mainly to individuals declaring not be ready to stop working (ONS, 2015).7

The bequest function is specified following De Nardi (2004):

b(at) = ϕB
(at +K)(1−ν)γ

1− ν
. (4.4)

The parameter K, which is positive, regulates the curvature of the bequest function and
allows the utility of a zero bequest to be finite. The parameter ϕB represents the intensity of
bequest motives.

Health evolves according to a stochastic process with a deterministic component, ωH(aget),
which depends on age, a persistent component (the autoregressive component θt) and a trans-
itory component (the iid shock ηt):

Ht = ωH(aget) + θt + ηt

θt = ρHθt−1 + νHt , νHt ∼ N(0, σ2
νH
), ηt ∼N(0, σ2

η). (4.5)

5I do not consider the medical expenditures channel which is particularly important in other institutional
contexts (De Nardi et al., 2010, 2016), because in the UK universal healthcare is provided and for that reason
medical expenses should not be so relevant, at least between age 50 and 70 before the costs of institutionaliz-
ation arise (they are not covered by the National Health Care system). Figure A.3 in Appendix A shows the
marginal importance of out-of-pocket expenditures and voluntary payment schemes in the UK with respect to
the US. (Source: OECD statistics.)

6The fixed cost of work varies with age in a number of studies, including French and Jones (2011) and Rust
and Phelan (1997).

7In a robustness in Section 8.3 I impose that the intercept does not vary with age and investigate the
robustness of the results to this alternative specification.
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The process for wages has a deterministic component, ωw(Ht, aget), which depends on
health and age. Persistence in wages is captured by the random walk component ϵt.

logwt = ωw(Ht, aget) + ϵt

ϵt = ϵt−1 + νwt , νwt ∼ N(0, σ2
νw). (4.6)

I assume that at time t − 1 the individual knows θt−1 and ϵt−1, but he only knows the
distribution of the innovations (νHt , νwt ) and of the temporary shock (ηt).

Following French (2005), I do not directly model the joint decisions of the couple, but
I account for the presence of the partner by including in the head of household’s budget
constraint the spousal income (yst) as a function of the individual’s age, after tax labor and
pension income, yst = ys(incomet, aget). I assume that marital status does not change over
the period considered, either for separation or for death of the partner.8

The probability of surviving to period t+1 given that the individual is alive in period t is
a function of age and health in period t, πs

t+1 = πs(Ht, aget+1). I assume that the probability
of surviving to age T+1 conditional on being alive at age T is zero (πs

T+1 = 0).
Finally, the asset accumulation equation is of the form:

at+1 = at + y(wtht, rat, dit, pbt; τ) + yst + trt − ct

where y(. . . , τ) is after tax income; r is the real interest rate; dit is the DI amount, received
if the individual is allowed the benefit after application; pbt is pension benefit, received from
State Pension Age (SPA); and trt represents non-taxable transfers (such as Disability Living
Allowance, Assistance Allowance, Income Support and Pension Credit). Each individual
is endowed with a pension wealth that includes both public and private pension and, up
to SPA, contributes to the fund a fixed fraction of his earnings. The tax function, τ , the
modeled benefits and the pension wealth are described in detail in Appendix I. I assume that
individuals cannot borrow against future pension income and means-tested benefits (at ≥
0,∀t).

4.1 Disability benefits

The program rules implemented in the model mimic those of the Incapacity benefit program,
the state-provided disability insurance program in force between 1995 and 2008 in the UK.9

At each age between 50 and 64, individuals can decide to apply for DI. There is uncertainty
8This parametrization has the advantage of keeping the model simple while accounting for the fact that

the head of the household does not rely only on his own income. However, this simplification does not allow
exploring and fully accounting for the insurance role of female labor supply within a couple. Female parti-
cipation in the labor market has been shown to have an insurance role against permanent labor earnings risk
within the household, and female participation rates increase as a result of additional uncertainty (Attanasio
et al., 2005).

9See Section 3 for details on the UK DI program and its evolution over time.
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in the application process; I assume that the probability of being accepted is a decreasing
function of health (H) and it is specified as a linear spline where the points to be interpolated
are specific health percentiles. I set the acceptance probability to one when health takes its
minimum value (zero) and at zero when health is above the median. The probability is α1 at
the 10th percentile, α2 at the 20th percentile and α3 at the 30th percentile of health.10

If an individual was already claiming the benefit in t − 1 he can continue to receive the
benefit irrespective of his health status. According to the legislation, DI eligibility is condi-
tional on having paid enough contributions in the three years before the start of incapacity.
However, if the condition is not met, the applicant can still qualify for a means-tested benefit
(Income Support) of equal amount. I therefore assume that contributory requirements are
always satisfied. Moreover, even if recipients might do some type of work not exceeding the
limits on weekly hours and earned income, I assume work is not allowed while receiving the
benefit. Even if DI is a contributory benefit, the amount of the benefit is flat; a lower amount
is paid in the first 28 weeks and a higher amount is paid after having passed the Personal
capability assessment. In the model, the decision period is one year; I therefore assume for
simplicity that the annual benefit amount is fixed.

4.2 Dynamic programming problem and model solution

Timing of the model

In each period t, individuals observe the health and wage realizations (Ht and wt), the
disability benefit claiming status (dt−1), their accrued pension wealth (qt) and their assets
(at). The vector of state variables is Xt = (at, wt, Ht, dt−1, qt). Then, they decide whether
to participate in the labor market and whether to apply for DI. In the model, when individuals
apply for DI, at the same time, they decide whether they would work if they were rejected.
The uncertainty about the DI application is resolved at the beginning of the period, meaning
that if the individual is rejected the benefit he can work, if this is his optimal choice. If
instead he is allowed the benefit he will remain out of the labor market for that period. This
is consistent with the UK DI system in which there is no need to be out of the labor market
to apply for the benefit, both unemployed and working individuals can apply for DI. DI can
be claimed up to SPA, which is 65 for men in the period considered. At SPA the pension
wealth is annuitized. I assume that at age 70 everyone is retired and I set T equal to 90.

Value function

10An alternative specification of the acceptance probability as an inverse-logit (p(H) = exp(α0+α1H)
1+exp(α0+α1H) ,

where p(H) is the acceptance probability and α0 and α1 the two parameters to be estimated) provides a very
similar pattern of the acceptance probability, but a worse model fit, in particular of the fraction receiving DI.
Estimates are available upon request.
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Let V (Xt) be the value function at time t. I can write the value function as

V (Xt) = max
{
V i(Xt)

}
,

where the superscript i denotes the possible discrete choice options. If the individual was
not receiving DI in the previous period (dt−1 = 0) the possible choices are working (ht > 0)
or remaining inactive (ht = 0), and applying for DI (dappt = 1) or not. If, instead, he
received DI in the previous period (dt−1 = 1), he can continue to claim DI (dt = 1), or exit
DI and start working (ht > 0). See Appendix C for details.

The model is solved backward starting from period T and computing the solution in
each period by assuming that agents form expectations about future realizations of the state
variables according to the transition probabilities assumed by the model.

5 Data

I use data from ELSA, a biennial longitudinal survey, representative of English private
household population11 aged 50 and over that started in 2002. It contains detailed informa-
tion on both financial and property wealth; pension fund membership and accrued rights to
private pensions; out-of work benefit receipt and earnings. It also contains detailed inform-
ation on health status, both subjective and objective.12

The first column of Table 5.1 reports descriptive statistics for male respondents living
with a partner and aged 50-70 interviewed in waves 1–6 of ELSA (from 2002 to 2012). Men
with a cohabiting partner represent 81% of the sample. The average age is 60.6, 55% are
working and the average number of yearly hours worked is 1,835. Participation decreases
with age: it is about 88% at age 50 and it declines to 30% around age 65 (the Statutory
retirement age in the UK), however a non-negligible fraction of individuals remains active
until age 70 (7-10%). Their wealth, which includes liquid and illiquid assets but not pen-
sion wealth, amounts to 274,495£ and their employment income to 16,670£ on average.13

Among those younger than 65 (age at which DI in not available anymore) 10.2% receive DI
(from 5% at age 50 to 17% at age 64). DI receipt exhibits high persistence over time: on
average only 18.4% of those receiving DI are observed exiting the program in the following
wave (in 2 years) and this percentage shrinks with age. The fraction of new recipients is
2.82% and it increases with age.

The second column of Table 5.1 reports descriptive statistics for a specific cohort of
individuals born in 1946–1953. They are about 3 years younger than the overall sample
of respondents, show higher participation rate (about 80% are working) and employment

11The initial sample does not include institutionalized individuals, however if a member of a sampled house-
hold moves to an institution in the following waves he is followed and interviewed.

12See Appendix A for additional details on ELSA data.
13All amounts are expressed in 2004 prices.
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income. Their assets are 7% higher and the fraction receiving DI is substantially lower
(7.77%), this can be a cohort effect (see Figure A.2 in Appendix A) and/or the effect of
policy changes (Banks et al., 2015a).

In estimating the model I use initial conditions and data moments computed for this
cohort of individuals.

Table 5.1: Summary statistics.

All sample 1946-1953 cohort
age 60.56 57.91
working (%) 54.80 71.87
hours | hours>0 1835 1873
wages (£) | hours>0 16,670 18,654
assets (£) 274,495 293,069
receiving DI (%) 10.22 7.77
outflow from DI in 2 years (%) 18.40 19.68
new recipients (%) 2.82 1.98
Notes: Due to the biennial nature of the data, the outflow from the benefit
refers to a 2 year period. The same is true for the new recipients which
are measured as the percentage observed in the benefit in year t but not in
year t− 2 (i.e. the previous wave).

5.1 Measuring health

Health status is measured on a continuous scale on the basis of the rich set of health in-
dicators collected in ELSA. I follow Poterba et al. (2013) and apply principal component
analysis to a set of variables covering several dimensions of individuals’ health. In particular,
given the categorical nature of the health questions, I use polychoric principal component
analysis.14 Differently from Poterba et al. (2013), I did not include self-reported general
health to generate the health index. Among the rich set of information available in ELSA,
I select health indicators that are less likely to suffer from measurement error (Crossley
and Kennedy, 2002), heterogeneity in health perception (Lindeboom and van Doorslaer,
2004) and justification bias (Bound et al., 1999). The full set of “objective” measures that I
consider are reported in Table A.1 in Appendix A.15 The choice of excluding self-reported
general health, however, does not substantially affect the health indicator and its distribution
over time as shown in Appendix B (Table B.2).

14Several continuous measures that use a set of (objective and subjective) indicators to recover ‘true’ latent
health have been proposed in the literature, see in particular Meijer et al. (2011), Jürges (2007) and Poterba
et al. (2013). Kapteyn and Meijer (2014) and Venti (2014) discuss the main characteristics of these three health
indices. What seems to be important is the set of indicators used to construct the index more than the statistical
technique implemented. The items’ selection depends on the research question and on which aspects of health
are of interest.

15These measures are not immune to biases, even if they are arguably more objective than self-reported
general health. For example, van Ooijen et al. (2015) show that self-reported diagnosed conditions are under-
reported when compared with administrative hospitalization data, particularly for the mental health domain.
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In Table A.1, the health dimensions are classified into three categories: physical func-
tions, mental functions and diagnosed conditions. The first two categories mimic the clas-
sification of the health descriptors asked in the Work Capability Assessment (WCA), which
is the Department of Work and Pensions’s current method of determining a person’s ability
to perform any type of work. This health test is in place since the ESA introduction in 2008.
The WCA is a measure of the extent to which a person is incapable of performing certain
specified everyday activities, covering both physical functions and mental, cognitive or in-
tellectual functions.16 The ELSA questions covering physical functions are very similar to
those asked in the WCA. It is less the case for the mental functions. However, the dimensions
investigated in the WCA (daily living activities, completion of tasks, coping with pressure
and interaction with other people) are reasonably captured by the set of Instrumental Activ-
ities of Daily Living (IADL), the Center for Epidemiological Studies-Depression (CES-D)
scale and specific questions on psychiatric problems and cognitive problems. The third set
of indicators that I include is about diagnosed conditions that might compromise physical
and mental functions and therefore complement previous health questions.

Table 5.2: Distribution of the health measure.

mean 10th pct 20th pct 30th pct 50th pct 90th pct
0.813 0.533 0.707 0.799 0.884 0.952
Note: Statistics computed for male ELSA respondents
aged 50 to 80, interviewed from wave 1 to wave 6.

The health index varies between zero and one: higher values of the index denotes good
health. Its distribution is reported in Table 5.2. It has mean 0.813 and median 0.884, it is
left skewed and the left tail captures sickness severity with values below 0.533 (the 10th
percentile) signalling very poor health.17 Figure 5.1a reports the distribution of the index for
each level of self-reported general health. The correlation between the two measures is high
and the median values of the continuous index conditional on self-reported health differ
substantially. However, the figure suggests that individuals reporting themselves in poor
health might have high levels of health according to the continuous measure. The continuous
index can also be compared with an overall health assessment that captures the presence of
temporary or permanent health problems limiting the kind or amount of work the individual
can do (a disability measure similar to the one used in Low and Pistaferri (2015)). Figure
5.1b shows the average health, according to the continuous index, for individuals reporting
at least once health problems lasting for more than three months that limit their working
capacity in the age range 50–65, compared with the average health of those reporting at
most temporary health problems or no health problems at all. The level of health differs

16See https://www.disabilityrightsuk.org/wca-limited-capability-
work-assessment-descriptors for details.

17This distribution is consistent with the finding of Hosseini et al. (2021) on the life-cycle dynamic of a
frailty index built using PSID data.
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substantially in the three groups suggesting that my measure captures well the severity of
the health limitations.
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Figure 5.1: Comparison of the generated continuous health index with self-reported general
health (left panel) and with (temporary or permanent) health problems limiting
the kind or amount of work the individual can do (right panel). ELSA wave 1
to 6.

Finally, the distribution of the index is substantially different between men receiving
and not receiving DI (see Figure 5.2), with higher values of the index for individuals not
receiving DI. The fact that there are individuals not receiving DI despite their very low
health level and individuals receiving DI when in good health (which is confirmed when we
consider alternative health indicators such as self-reported general health, see Figure A.1
in Appendix A) suggests the DI program does not perfectly target those in need. This can
be due to, for example, individuals recovering from bad health shocks that remain into the
program, or the inability of the application procedure to correctly classify those in need.
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Figure 5.2: Health distribution by DI status. ELSA wave 1 to 6.
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6 Model estimation

I estimate the model parameters in two steps.18 First, I fix some parameters to values estim-
ated in the literature and I estimate exogenous processes of health, wages and survival prob-
ability. Second, I estimate the remaining structural parameters by minimizing a weighted
distance (GMM function) between the simulated life-cycle profiles and the data life-cycle
profiles.

6.1 Estimation of the exogenous processes

The estimation of the exogenous processes for health, wages and mortality is carried out
using the first six waves of data from 2002 to 2012. The underlying assumption is that the
reform to the DI program implemented starting from 2008 for new DI claimants did not
effect health developments, wage offers and mortality risk.

Health process

I estimate the health process parameters of Equation 4.5 using data for men aged 50 to
90.19 Even if the interest is on individual decisions up to age 70, I include individuals
aged above 70 because the model is solved and simulated up to age 90. I first estimate the
fixed effect regression in Equation 6.1 to obtain an estimate of the age parameters (π̂1H ,
π̂2

H and π̂3H). In the fixed effect regression I include family size to control for potential
changes in health status due to changes in the family structure (i.e. the death of a spouse)
and unemployment rate to control for time effects.20 The real-valued dependent variable
(H∗

it) is the logit transformation of the health measure which varies in the 0-1 interval (Hit).

H∗
it = fi + πH

1 ageit + πH
2 age

2
it + πH

3 age
3
it +

K∑
k=1

δHk 1 {sizeit = k}+ µHUt + ζHit (6.1)

ζHit = θit + ηit

To estimate the parameters of the random component, I use the ‘adjusted residuals’ (ζ̃Hit ),
that are the residuals from the regression in Equation 6.1 with the fixed effects added back
and corrected to be representative of individuals born between 1946 and 1955. The three
parameters of the random component (σ2

νH
, σ2

η and ρH) plus the initial variance at age 50 (σ1
0)

18As in Gourinchas and Parker (2002), French (2005) and French and Jones (2011) among the others.
19I end up with 19,034 individual-year observations for 5,963 distinct respondents.
20When I simulate from the estimated processes for health and wages and from data profiles for decision

variables presented in Appendix E, I fix family size at two and set the unemployment rate at 4.9%, which is
the 2004 annual unemployment rate for men in England (Source: labor Force Survey. ILO unemployment
rate. http://www.ons.gov.uk/employmentandlabormarket/peoplenotinwork/
unemployment/timeseries/ycol/lms).
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are identified by the variances and covariances of the adjusted residuals and are estimated
using standard minimum distance techniques (see Appendix B for the details).

In the first column of Table 6.1, the parameter estimates of the third order polynomial
in age are reported. As expected, health is decreasing with age, and the declining trend be-
comes steeper as age increases. The autoregressive parameter estimate is 0.967, suggesting
high persistence of the process (see the second column of Table 6.1). Moreover, the initial
variance for the stochastic component (σ2

0) is large, indicating that a large part of the vari-
ability in health is predetermined at age 50. The estimated process is able to replicate well
the average health, the health distribution, the variances and the covariances of the adjusted
residuals over the life cycle (see Figure B.1, B.2 and Table B.1 in Appendix B).

Table 6.1: Parameters of the health process.

Deterministic component Random component
age -0.503*** ρ 0.967***

(0.126) (0.011)
age2/10 0.081*** σ2

ν 0.063**
(0.019) (0.021)

age3/100 -0.005*** σ2
η 0.158***

(0.001) (0.028)
σ2
0 0.865***

(0.056)
Observations 19,034

These estimates are close to recent estimates using similar specifications. For example,
van Ooijen et al. (2015) propose and estimate a health measurement model in which the er-
ror component has a specification similar to the one I propose. They use self-reported health
as a health measure and find a high persistence process with an autoregressive parameter of
0.88 when self-reported health is corrected by means of objective health measures collected
in hospitalization data. Using ELSA data, Blundell et al. (2016a) estimate a similar dynamic
model of health and find that the sum of a transitory white noise process and a permanent
AR(1) process is a good representation of the health dynamic, with estimated values of the
autoregressive parameter ranging from 0.90 to 1.06. High persistence is also found by Hos-
seini et al. (2021) using a frailty index built from PSID data as measure of health.

Wage process

To recover the parameters of the wage process I estimate Equation 6.2, where the additional
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error term ξit is assumed to represent measurement error.

logwit = fi + πw
1 ageit + πw

2 age
2
it + αw

1Hit + αw
2H

2
it +

K∑
k=1

δwk 1 {sizeit = k}+ µwUt + ζwit

(6.2)

ζwit = ϵit + ξit, ξit ∼ N(0, σ2
ξ )

Estimation of Equation 6.2 after first differencing the data allows to get rid of the unobserved
heterogeneity that is likely to correlate with the health status. However, there might also be a
selection bias issue if the wage growth differs between workers and non-workers, given that
only accepted wages are observed. To account for selection into participation, I follow Low
and Pistaferri (2015) and adopt a reduced form approach. I assume that financial incentives
to participate in the labor market and the family structure serve as exclusion restrictions. To
measure financial incentives, I use household financial constraints that influence the labor
market attachment, and institutional characteristics that affect the labor supply decision.
The family structure variables capture family needs that affect participation decision and the
couples’ preferences for joint retirement, for example to spend time together. Details are in
Appendix B.

Using the parameter estimates from Equation 6.2, I derive the adjusted error term ∆(ϵit+

ξit) and use its variance and lag-one convariance to identify the variances of the persistent
and transitory random components of the wage process. See Appendix B for details.

Mortality risk

I assume that the probability at time t of dying by t+1 is a function of age and health status
in t. Cross-sectional mortality rates computed using ELSA data are lower than comparable
mortality rates from the life tables (see Figure B.4a in the Appendix B). This might be
due to non-random attrition and/or initial selection into participation; older and unhealthier
individuals might be more likely to exit the panel and healthier individuals might be more
likely to enter the panel. I assume that mortality risks perceived by the individuals are
consistent with the life tables, and I correct mortality rates estimated from ELSA data by
rescaling mortality in each health-age group in order to match the life tables’ mortality
rates. See Appendix B for details on mortality rates derivation.

6.2 Method of simulated moments

Initial conditions

The model reproduces the behaviors of a specific cohort of individuals, those born between
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1946 and 1955. To derive initial conditions for model simulation, I select men of this cohort
living with a partner. I exclude self-employed individuals and I assume that marriage status
does not change over time. I consider individuals interviewed in wave 1 and individuals
entering the survey in wave 2. The final sample used to estimate the joint initial distribution
of assets, pension wealth, DI claiming status, health and wages consists of 883 individuals.
Each of the simulated individuals receives a draw of assets, pension wealth, DI claiming
status, health and offered wage from the estimated initial distribution.

Calibrated parameters

Among preference parameters, I fix relative risk aversion ν, discount factor β, time endow-
ment L and the parameters of the bequest function (ϕB andK). I set relative risk aversion of
the composite good consumption-leisure ν to 2.21 The discount factor β is set to 0.9756 as
in Low and Pistaferri (2015), who use the central values of estimates from Gourinchas and
Parker (2002) and Cagetti (2003). Time endowment L is set to 4,880 hours.22 Finally, I cal-
ibrate the curvature of the bequest function K and the bequest weight ϕB in such a way that
the marginal propensity to bequeath is equal to 0.98 and the bequest motive becomes oper-
ative when the consumption value of total wealth exceeds £8000 (De Nardi et al., 2010).
These values are in line with those implied by the parameter estimates in French (2005). See
Appendix D for details.

I set the amount of Incapacity benefit equal to the average amount received by men aged
between 50 and 69 in 2004, that is £3,460.23 The rate of return on the safe asset r is set at
0.029, the average real return on UK Government liability between 2002 and 2008 (Capital,
2013).

Estimated parameters and moment conditions

The remaining parameters are estimated using the Method of Simulated Moments to min-
imize a weighted distance (GMM function) between simulated life-cycle profiles and data
life-cycle profiles (see Appendix E for details on data moments derivation). I use 177 mo-
ment conditions. I match the fraction receiving DI (15 moments) and the average health
status for those receiving DI (15 moments) from age 50 to age 64. Moreover, I match the
fraction receiving DI in t given that they were receiving DI in t − 2 (13 moments) and the
fraction entering DI (13 moments) from age 54 to age 64 . Furthermore, I match LFP from
age 50 to age 69 (assuming that at age 70 everyone is retired) conditional on four health

21Subsection 8.3 shows that results are robust if the value of the relative risk aversion is set to 3.
22The time endowment is set by assuming 305 working days in a year and 16 hours per day to allocate

between leisure and work.
23Source: amount data from Department of Work and Pensions tabulation tool.
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intervals (80 moments), and annual hours worked from age 50 to age 69 (20 moments).24

Finally, I match mean assets profile from age 50 to age 70 (21 moments).
In Appendix E I report a measure of the sensitivity of the estimator to perturbations

of different moments conditions proposed by Andrews et al. (2017). This measure allows
to more formally show which moments bear most heavily on which estimated parameters.
The set of moments on DI (fraction receiving the benefit, inflow rate, persistence and av-
erage health), together with LFP for those with lower levels of health, mainly identify the
parameters of the acceptance probability (αi), see Figures E.6, E.7, E.8. Individuals in bad
health work less than individuals in good health, and this heterogeneity in labor supply by
health identifies the time cost of being in bad health (ϕH), see Figure E.2. As in previous
studies, hours of work and LFP pin down the fixed cost of work (ϕP0), and the decrease in
hours worked with age (together with the decrease in participation with age) helps identify
the slope of the fixed cost of work (ϕP1) and how the fixed cost changes at age 65 (ϕP2), see
Figures E.3, E.4, E.5. The labor supply profiles identify the consumption weight parameter
(γ), see Figure E.1.25

Table 6.2: Structural parameter estimates.

Parameter Description Value SE
γ consumption weight 0.616 (0.002)
ϕH cost of being in poor health (hours) 4,201 (30)
ϕP0 fixed cost of work at age 50 (hours) 909 (5)
ϕP1 age trend of the fixed cost of work (hours) 46 (0.5)
ϕP2 fixed cost of work at age 65 (hours) 467 (7)
α1 acceptance probability – 10th pct of health 0.200 (0.010)
α2 acceptance probability – 20th pct of health 0.124 (0.003)
α3 acceptance probability – 30th pct of health 0.122 (0.003)

Table 6.2 reports the preference parameters’ estimates. Holding labor supply fixed, the
coefficient of relative risk aversion for consumption is given by γ(ν− 1)+1. The estimated
consumption weight γ implies a coefficient of relative risk aversion for consumption equal
to 1.616, in line with values estimated in the literature (Blundell et al., 1994; Attanasio and
Weber, 1995; Banks et al., 2001). The estimated value for γ denotes quite strong preferences
for work. The time cost of being in poor health is high. It is 4,201 hours for an individual
with the worst level of health.

To compare this result with previous estimates that use categorical self-assessed overall
health (good or bad), I compute the average health index for individuals in fair or poor health
(bad health), and for individuals in good, very good or excellent health (good health). The

24In the data, hours worked refer to the usual weekly hours in the current job, and no information is collected
on past jobs for those currently out of work. I derive annual hours by assuming that individuals have worked
the entire year. The resulting measure shows low variability across individuals and by health level. I therefore
include only unconditional moments for hours worked.

25Details on the estimation procedure are presented in Appendix E.

20



average health index for the two groups is 0.64 and 0.88 respectively, which correspond to
a time cost of 1,512 for those in bad health and 504 for those in good health. According to
my model estimates, being in poor health with respect of being in good health entails a 21%
reduction in the time endowment. This estimated value is at the upper bound of previous
estimates. The same figure is 12% in French and Jones (2011) and 14-21% in Capatina
(2015).

The fixed cost of work at age 50 is 909 hours and it increases by 46 hours each year.
At age 65 the fixed cost of work reduces at 467 hours for those working part-time. It cor-
responds to a 19% (10%) reduction of the time endowment at age 50 (at age 65 if working
part-time) in case of LFP. This figure is in line with French and Jones’s (2011) estimates for
older US individuals (20%), the value in Capatina (2015) is much higher instead (48–53%).
Estimates of the acceptance probability parameters reveal that the uncertainty is concen-
trated in the first decile of the health distribution. The acceptance probability is set at one
for the lowest level of health (zero) and at zero for health above the median. It is estimated
to be 32% on average for health in the first decile and it remains rather constant at 13% for
health in the second and the third deciles. These values imply a very large rejection prob-
ability for the unhealthy: 68% on average for those with health in the first decile and 87%
on average for those with more modest levels of sickness - with health in the second and
third deciles. Low and Pistaferri (2015), for the US, estimate a probability of being rejected
of 57% for the unhealthy (those severely work limited) and 82% for those with moderate
disability. Despite numerous stories of claimants finding it difficult to get support,26 model
assumptions might contribute to this difference in the rejection probability for the severely
limited. In particular, the absence of direct or indirect costs of applying is likely to induce
too many individuals to apply for DI. As a robustness check, in Subsection 8.3 I introduce a
cost of applying for DI and discuss its potential implications.

7 Model fit

7.1 Targeted moments

The estimated model replicates the main facts observed in the data quite well. In Figure
7.1, I report the participation conditional on health level. For each age the graph shows
participation rates among individuals with health below the 20th quantile, between the 20th
and the 30th quantile, between the 30th quantile and the median, and above the median.27 As
expected, participation decreases with age and is lower for individuals having a lower level
of health. The model captures differences in participation for individuals with different

26Source: Institute for Fiscal Studies (https://ifs.org.uk/publications/14011)
27Health quantiles refer to the unconditional health distribution for individuals aged 50 to 90 in the data.
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levels of health quite well. The profile for hours worked is reported in Figure 7.2a: in
the data, the average number of hours worked declines linearly with age from about 2,000
hours at age 50 to 1,500 at age 65, when it sharply drops at 800 hours per year. Financial
incentives provided by state and private pensions are not enough to explain the sharp drop
in hours worked at SPA, allowing the fixed cost of work to change at age 65 for those
working part-time (through the ϕP2 parameter), increases the model ability in reproducing
the discontinuity at age 65, at least partially.

Figure 7.2b reports simulated versus data profiles for average assets. In the data, assets
are slightly increasing from age 50 to age 70, simulated mean assets are almost always
within the confidence intervals.

Figure 7.3a shows the data and simulation profile for the fraction receiving DI. In the
data, the profile is quite noisy up to age 52; it is increasing with age and for the cohort
considered it reaches about 15% for those aged 64. The simulated fraction of DI claimants
is very close to that in the data. In Figure 7.3b, I report the probability of receiving the benefit
in t conditional on having received the benefit in t − 2 in the data and in the simulations.
The model is able to replicate well the high persistence of DI and its slight increase with
age. The flow into DI is somewhat underestimated by the model (Figure 7.3c), as it is the
average level of health of individuals claiming DI, in particular at younger ages (Figure
7.3d). However, in both cases, the simulated profiles lie within the confidence bars.

7.2 Moments not directly targeted in the estimation

The model can reproduce fairly well additional moments not directly targeted in the estim-
ation procedure. Figure F.1 in Appendix F shows that simulated profiles for median, first
and third terciles of assets match well the corresponding data profiles. Figure F.2 shows the
match for earnings. Earnings reflects both the wage process and the labor supply decision
(extensive and intensive margins). Also in this case, the simulated profiles match the data
closely. Finally, Figure F.3 reports the fraction receiving DI by health level. Data profiles
are noisy but the figure shows that the model is able to reproduce the observed heterogen-
eity. For what concerns other benefits included in the model, the fractions receiving Income
Support and Pension Credit are well reproduced, at least up to SPA (Table F.1).

To facilitate the comparison with the existing literature and provide additional evidence
on the model performance, I compute the elasticity of labor market non-participation and
the elasticity of DI application to benefit generosity. To do that I simulate a revenue neut-
ral policy reform (see Appendix H for details) in which the DI benefit amount is decreased
(or increased) by 10%.28 These figures are computed by means of a revenue-neutral policy

28I compute the elasticities using both reformed scenarios (a 10% increase or decrease in the benefit
amount). The figures obtained largely coincide. In Table 7.1 I report the values obtained with a 10% re-
duction of the benefit amount. The first elasticity is computed as the ratio between the percentage change in
DI application between the baseline and the reformed scenarios divided by the percentage change in DI benefit
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Figure 7.1: Life-cycle profiles of participation by health level. Simulations (dark gray
lines) versus data (light gray lines).
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Figure 7.2: Life-cycle profiles of mean hours worked (left panel) and mean assets (right
panel).Simulations versus data

intervention that reduced marginally the amount of DI. Table 7.1 reports the elasticities
computed for the entire sample and by age group and health level. The elasticity of DI ap-
plication is equal to 0.90 using all individuals in the sample. This value is in the range of
previous empirical estimates for the US (from 0.2–1.3) surveyed by Bound and Burkhauser
(1999). The elasticity varies remarkably with age and health level. Relatively younger in-
dividuals aged 50–54 show an elasticity 40% larger than those aged 60–64 (0.92 and 0.75,
respectively). This is consistent with French and Song (2014) and Maestas et al. (2013),
who find that younger individuals are more responsive to work disincentives provided by
DI. Further, individuals with higher levels of health are elastic to changes in benefit gen-
erosity, whereas those in poor health hardly respond to the policy change. These results
are in line with the heterogeneity found by Low and Pistaferri (2015) using three levels of

amount. The second elasticity is instead the ratio between labor market non participation in the baseline and
reformed scenarios divided by the percentage change in DI benefit amount.
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Figure 7.3: Life-cycle profiles of DI rate, persistence, inflow and average health of DI re-
cipients. Simulations versus data.

health. The elasticity of non-participation is equal to 0.36. The value is again in the range of
previous estimates for the US and Canada (0.21–0.93) surveyed by Bound and Burkhauser
(1999).29 Compared to the US, in the UK there is no need to be out of the labor market for
several months in order to apply for DI, and there is not a long waiting period for the final
examiner decision. Therefore, one might expect greater elasticity than in the US. However,
the peculiar aspect of the UK DI program of providing a low flat rate benefit amount results
in mainly low-skilled workers with fewer employment opportunities entering the program.
This means that given the characteristics of the target population, the demand for DI is likely
to be rather inelastic to marginal changes in the benefit amount. This is consistent with the
findings of Mullen and Staubli (2016), according to whom the elasticity of non-participation
to benefit generosity in Austria is lower for low-skilled and poorer workers.

29More recently, Mullen and Staubli (2016) estimate elasticities of 0.7–1.2 on labor force withdrawal for
Austria, and Marie and Vall Castello (2012) estimate an elasticity of -0.22 on LFP for the partially disabled in
Spain.
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Table 7.1: Elasticities of DI application and labor market non-participation to benefit gen-
erosity.

All Age Health (percentiles)
50–54 55–59 60–64 <10 10–20 20–30 30–50 >50

DI application 0.90 0.92 1.07 0.75 -1.68 0.26 1.00 1.23 2.22
non-participation 0.36 0.66 0.51 0.17 0.01 0.59 0.72 0.36 0.12

8 Policy experiments

The estimated structural model is used to analyze the effects of changing the rules governing

the DI program on labor supply, DI benefit participation, and welfare. I study two counter-

factual policies. First, I focus on financial incentives to return to work and investigate the

behavioral responses to a policy reform that allows DI beneficiaries to keep a portion of

their benefit for an additional year if they start working. Second, I consider non-financial

return-to-work incentives and simulate a policy scenario in which the DI beneficiaries are

reassessed with a certain probability to verify their eligibility.

The behavioral responses to these policies show partial effects of the hypothetical re-

forms and are not meant to capture general equilibrium effects. In all experiments, I meas-

ure the welfare consequences of altering the DI rules as a consumption equivalent variation,

that is a proportional reduction in consumption from age 50–90 that makes the individual

ex-ante indifferent between the baseline (status quo) and the reformed scenario. All policies

are revenue-neutral; whether positive or negative, the costs of policy changes are offset by

proportionally adjusting the income tax rates (see Appendix H for details).

8.1 Financial incentives to return to work

In several institutional contexts, recent reforms of the DI program have introduced meas-

ures to promote the labor market inclusion of people with disabilities and to incentivize DI

recipients to return to work. Some examples are the 2005 reform in Norway that allows DI

recipients to keep a portion of their benefit when they return to work and the proposed “$1

for $2 offset” in the US, which consists of a reduction of $1 in benefits for every $2 in earn-

ings above the earnings cap instead of a 100% reduction. Similarly, in the UK, the Pathways

to Work program provides both financial and non-financial support to DI claimants to find a

job and exit the DI roll. Its pilot implementation started in 2003, and the program became

mandatory for all DI claimants found able to perform some kind of work (those placed in
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the “work-related activities group”) with the introduction of the Employment and Support

Allowance in 2008.

In this first policy experiment, I simulate the behavioral responses when DI beneficiaries

returning to work after having received DI for at least a year are allowed to keep a portion

of the benefit for an additional year, provided that they work a sufficient number of hours

(750 per year) and do not earn more than £15,000 a year. This policy reform mimics the

financial support provided by the Pathways to Work program. According to the program

rules, individuals receiving DI for at least 13 weeks who find a job of at least 16 hours a

week and do not earn more than £15,000 a year can continue to receive about half of the DI

benefit amount for up to 12 months.

Two competing mechanisms are at play in policies providing return-to-work incentives:

on the one hand, labor supply might increase among DI beneficiaries and some might be

induced to exit DI, resulting in reduced program costs. On the other hand, the option of

working while receiving DI increases the program generosity and thus DI enrollment.

The aggregate effects presented in Figure 8.1 shows that the labor supply increase pre-

vails. The figure reports the overall effects of the reform for individuals aged 50–64 when DI

beneficiaries are allowed to keep from 20% to 100% of the DI amount in the year following

the return to work. The effects are non negligible. When 100% of the amount is received

for an additional year, DI participation decreases by 0.56 percentage points (5.7%) and the

increase in LFP is 0.45 percentage points (0.5%). The reduction in DI exceeds the increase

in LFP, this means that the reduction in DI participation does not entirely translate into an

increase in LFP.

Aggregate figures mask heterogeneous responses to the policy change. In what follows, I

focus on the reformed scenario in which individuals are allowed to keep the entire DI amount

for an additional year if they exit the program. Among individuals below SPA, 2.7% change

their behavior. This percentage becomes 16.4% if I focus on those receiving DI at least once

in the baseline or in the reformed scenarios. Table 8.1 illustrates the heterogeneity of the

effects. Most recipients reduce the number of years in DI (93%) with an average reduction

of 3 years. Those who increase DI participation (7%) do it by 3 years on average. In the

first group, DI recipients mainly anticipate program exit (66%),30 the second group instead

30The LFP of this group is discontinuous after a DI episode, with some individuals remaining out of DI
(14%) and some others re-entering the program only for short periods depending on their health (10% increase
the number of DI episodes).
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Figure 8.1: Effects on participation and DI rate of a proportional wage subsidy introduc-
tion.

is mainly composed by new DI recipients (79%). Figure 8.2 shows that those who change

behavior are on average in better health than those who continue to receive DI as in the

baseline scenario. The health of individuals spending more years in DI is slightly higher

than the health of those reducing DI participation and they also have higher savings, but

these differences shrink after age 55 when the change in behavior is mainly observed (see

Table 8.1). This suggests that they are at the margin of program entry after age 55 and the

increased generosity of the program induces them to apply.

Table 8.1: Statistics for those who increase or decrease DI participation if allowed to keep
the DI benefit for an additional year when returning to work.

years in DI % change DI part. ∆ years % of DI recipients age distribution (%)
50-54 55-59 60-64

less 93 -3 15.3 36 30 34
more 7 3 1.2 9 29 62

After having characterized those who change behavior, in Table 8.2 I focus on DI rate

and LFP for those receiving DI in the baseline or in the reformed scenario (sub-sample 1,

which refers to the net effect of the policy change) and those receiving DI in the baseline

scenario (sub-sample 2, which refers to the partial effect of the reform for those reducing DI

participation). Columns 3 and 6 of Table 8.2 shows that LFP increases by about 5 percentage

points and DI rate decreases by 6.1 percentage points when considering only those reducing

DI participation. The net effect in columns 2 and 5–when considering those receiving DI

in the baseline or in the reformed scenario–is instead a 4.6 points increase in LFP and a
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Figure 8.2: Patterns of health (left panel) and assets (right panel) for those who increase,
decrease or do not modify DI participation if allowed to keep the DI benefit for
an additional year when returning to work.

5.7 points decrease in DI rate. These figures can be compared with those estimated by

Adam et al. (2010) analyzing data on the pilot implementation of the UK Pathways to Work

program. They estimate a 5.8 percentage point increase in employment due to the reform.31

The samples considered are different: Adam et al. (2010) use all new DI applicants aged

18–59 in a given year, whereas I look at the behavior over the life-cycle of a specific cohort

of men. Consistently with my findings, the observed effect seems to be mainly driven by

applicants aged over 40. Adam et al. (2010) do not find any increase in the application to

DI as a consequence of the increased generosity of the program, probably due to the short

time horizon considered (12-24 months). Instead, they document a negative short-run effect

of the program on DI participation, which vanishes after the first 12 months. This is in part

consistent with the model prediction according to which among those receiving the wage

subsidy in the reformed scenario about 67% exit DI even in the absence of the return-to-

work incentive.

The model allows to investigate the heterogeneity of the policy effects by health, wealth

and age. Looking at the overall sample, those more responsive have health between the first

31Similar increases in LFP are also found by Campolieti and Riddell (2012) for Canada (5.7 percentage
points) and Ruh and Staubli (2018) for Austria (6.7 percentage points). Smaller effects are found by Benı́tez-
Silva et al. (2011) for the US and Kostøl and Mogstad (2014) for Norway (8.5 percentage points increase in
LFP among claimants aged below 50 but no effect among those approaching retirement age).
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Table 8.2: Proportional changes in DI rate and LFP conditional on health, wealth and age
due to a policy reform that allows to keep the DI benefit for an additional year
when returning to work.

∆ DI rate ∆ LFP
all sub-sample 1 sub-sample 2 all sub-sample 1 sub-sample 2
(1) (2) (3) (4) (5) (6)

overall -0.56 -5.68 -6.12 0.45 4.63 5.00
health
<10th pct -1.24 -1.38 -1.41 0.06 0.08 0.09
10-20th pct -3.82 -7.85 -8.17 2.97 6.41 6.59
20-30th pct -1.66 -6.62 -7.92 1.51 6.16 7.43
30-50th pct -0.56 -9.68 -10.29 0.53 8.97 9.58
>50th pct -0.08 -11.97 -12.28 0.08 11.69 12.00

assets
1st quartile -1.40 -5.54 -5.84 1.13 4.38 4.66
2nd quartile -0.62 -11.18 -12.28 0.50 9.42 10.34
3rd quartile -0.16 -4.02 -4.60 0.11 3.33 3.85
4th quartile -0.05 -1.16 -1.43 0.05 1.23 1.40

age
50-54 -0.61 -7.21 -7.35 0.53 6.27 6.40
55-59 -0.50 -5.38 -5.78 0.40 4.47 4.84
60-64 -0.56 -4.75 -5.45 0.40 3.48 4.06

Notes: Statistics refer to individuals aged below 65 (all), receiving DI in the
baseline or in the reformed scenarios (sub-sample 1) and receiving DI in the
baseline scenario only (sub-sample 2).

and the third deciles, have lower wealth and are younger (see columns 1 and 4 of Table 8.2).

More can be learned conditioning on those receiving DI in the baseline or reformed scenarios

(sub-sample 1 and 2 in Table 8.2). The reduction in DI participation is increasing with health

(from -1.4 to -12 percentage points) as it is the increase in LFP (from 0 to 12 percentage

points), this suggests that the subsidy incentivizes those who have recovered from a bad

health shock, and are still in DI, to exit the program. This is not surprising as individuals

in relative good health are better-off if they reduce DI participation as they are compensated

by a larger income–the wage subsidy, on average, represents 36% of employment income

for individuals who exit DI due to the policy. Those most affected are the youngest, in fact

the reduction in DI rate is 7.2 points for the 50-54 age group and 4.8 for the 60-64; LFP

increases by 6.3 for the former and by 3.5 for the latter. Finally, the effect is non-monotonic

in wealth: the effect picks in the second quartile (11.2 points decrease in DI and 9.4 increase

in LFP) and than decreases for higher and lower levels of assets. The comparison between

sub-sample 1 and sub-sample 2 in Table 8.2 confirms that the disincentive induced by the
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subsidy is concentrated on individuals in relative better health, aged above 55, and with

assets in the second and third quartile.32

Finally, the model allows to compute the welfare consequences of the one-year wage

subsidy introduction, and in particular to investigate heterogeneous welfare effects by health.

Figure 8.3 shows that the overall effect of the revenue-neutral policy change on welfare is

positive (grey lines) even if rather small. A wage subsidy of the same amount of the DI

benefit implies a welfare gain of 0.04% of consumption. The gains are remarkably hetero-

geneous by initial health and wealth levels and they decrease as the level of initial health

and wealth increase: they are three times higher among those with health below the 20th

percentile (wealth in the first quartile) than those with health above the median (wealth in

the fourth quartile). This highlights that the costs of providing an additional year of benefit

and of the marginal increase in DI entry produced by the policy reform do not exceed the

gain experienced by individuals in terms of decreased dependency from DI and increased

attachment to the labor market. Notice that, in all reformed scenarios considered revenue

neutrality is reached through a tax reduction (see Table H.1 in Appendix H). Moreover, the

welfare increase for those in bad health (health below the 20th percentile) is mainly driven by

the increased generosity of the program (12% only is driven by the tax reduction), whereas

it is almost entirely driven by the tax reduction (about 90%) for those in good health (health

above the median).33
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Figure 8.3: Welfare effects by initial health and initial wealth level of a proportional wage
subsidy introduction.

32The asset quantiles are computed from the simulated distribution of assets for individuals aged 50–64 in
the baseline scenario. The results are quantitatively the same when simulations from the reformed scenario are
used instead.

33Computations are not shown. They refer to a wage subsidy of the same amount of the DI benefit and are
obtained comparing welfare gains with and without adjustments of the tax rates to obtain revenue neutrality.
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The result that the wage subsidy is welfare improving – as the effect of the policy on the

flows off DI are more consequential than the flows into DI – is likely to be driven by specific

features of the institutional context. The peculiar aspect of the UK DI program of providing

a low flat rate benefit amount results in mainly low-skilled workers with less generous em-

ployment opportunities entering the program. This means that given the characteristics of

the target population, the benefit inflows are likely to be rather inelastic to marginal changes

in the benefit generosity, also due to the rather strict application procedures. The absence of

a long waiting period in unemployment to apply for DI reduces also the skills depreciation

of those entering DI, making the wage subsidy particularly effective in bringing them back

to work.

8.2 Continuous reassessment of DI beneficiaries

Return-to-work policies may also include non-financial work incentives. For example, the

Ticket to Work program in the US permits work trial periods without losing benefit entitle-

ments and allows beneficiaries to retain eligibility to public healthcare insurance when they

return to work but also requires a reassessment of beneficiaries’ disability status. The UK

Pathway to Work program, in addition to the financial support already mentioned, requires

beneficiaries to participate in regular interviews with an adviser to improve work readiness

by helping individuals with job search and with managing health-related problems within

a work context. These policies are aimed at reducing the implicit tax on labor supply and

often imply a continuous monitoring of the health evolution of beneficiaries.

To assess the effect of continuous health monitoring to increase the incentive to exit

DI, I simulate individuals’ behaviors under alternative scenarios in which the health of DI

recipients is reassessed with a certain probability on a yearly basis. In the most extreme

reform scenario, when the reassessment probability is set at 1, individuals have to pass an

annual health test to remain in the program.

Figure 8.4 reports the aggregate effects on LFP and DI rate for individuals aged 50–64

when the reassessment probability is set at values ranging from 10 to 100%. The effects are

large. DI rate is reduced by 3 percentage points (30.4%) when the reassessment probability

is 10% and by 8 points (82%) when the DI recipients are assessed on a yearly basis. The

reduction in DI does not entirely translate into an increase in LFP: when the reassessment

has a probability of 10% LFP increases by 1.5 points (1.8%), the increase is of 4.6 points
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Figure 8.4: Effects on participation and DI rate of introducing an eligibility reassessment.

(5.5%) for the yearly reassessment.

In what follows, I focus on the reformed scenario in which the probability of being

reassessed is 10% as it is likely to be more relevant due to its easier applicability with

respect to a yearly reassessment of all DI recipients. The change in behavior concerns 52%

of DI recipients in the baseline scenario and the reduction in DI participation is on overage

of 5 years. The reformed scenario is characterized by an increasing number of DI episodes

of smaller duration, for example the number of individuals with 2 or more episodes is more

than 3 times bigger than in the baseline scenario. Figure 8.5 reports the life-cycle distribution

of health (left panel) and assets (right panel) of those who change behavior in the reformed

scenario compared to those who do not. As expected, those who exit DI due to the reform

are on average in better health. They also have lower wealth in particular if aged 60–64, the

age range in which reducing DI is more likely (45% are in this age group).34

Focusing on those receiving DI in the baseline scenario, I document a 30.6 (82.3) per-

centage points reduction in DI and a 16.4 (42.5) points increase in LFP. This suggests that

only half of those who exit DI participate in the labor market. Among those remaining in-

active, I find a modest increase in the receipt of means tested benefits, in particular a 3%

(6%) increase in the receipt of Guarantee credit concentrated on those with lower levels of

health and in the first asset quartile. This is consistent with observing lower levels of wealth

among those reducing DI (see Figure 8.5). Those not in DI, not working and not receiving

other benefits mainly rely on savings.

34Very similar patterns emerge when the reassessment probability is set at 100%, with lower levels of health
for those who do not change behavior.
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Figure 8.5: Patterns of health (left panel) and assets (right panel) for those who decrease
or do not modify DI participation when the reassessment probability is set at
10%.

As already pointed out in the return-to-work policy experiment, the aggregate effects

hide large variability by health, wealth and age that the model allows to exploit. In the overall

sample, those most affected by the reform have health in the first three deciles, are in the

first quartile of assets and are older. These categories are those who reduce DI rate the most,

however the increase in LFP does not change much with age and it is larger for those at the

margin of program entry, i.e. with health between the first and the second deciles. Additional

insights can be gathered looking at individuals receiving DI in the baseline scenario. Table

8.3 shows that, consistently with Figure 8.5, the reduction in DI participation is increasing

with health, it is 14 percentage points among those with health in the first decile and 49

points for those with health above the median, and the same is true for the increase in LFP

(from 0 to 38 points). The decline in DI rate is increasing with age (from 22 to 36 points),

whereas the increase in LFP picks among those aged 55–59 (22 points). The effect on DI

rate is rather constant at 33 percentage points for wealth above the first quartile, and those

in the second quartile respond the most in terms of LFP (24 points increase).35

Differently from the wage subsidy experiment, the aggregate effect on welfare is neg-

ative (see grey lines of Figure 8.6) and it amounts to -0.01% of consumption when the

35Similar patterns of heterogeneity emerge when the reassessment probability is set at 100%.
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Table 8.3: Proportional changes in DI rate and LFP conditional on health, wealth and age
due to a policy reform that reassesses the health of DI beneficiary with a 10%
probability each year.

∆ DI rate ∆ LFP
all DI in BL all DI in BL
(1) (2) (3) (4)

overall -2.97 -30.63 1.50 16.42
health
<10th pct -12.66 -14.03 0.27 0.30
10-20th pct -18.46 -38.19 9.38 19.47
20-30th pct -8.83 -36.15 6.27 26.21
30-50th pct -2.69 -47.05 1.77 34.01
>50th pct -0.33 -49.37 0.19 37.94

assets
1st quartile -7.33 -29.39 2.95 14.29
2nd quartile -1.87 -33.96 1.37 24.57
3rd quartile -1.38 -34.76 0.86 21.45
4th quartile -1.33 -29.84 0.84 13.92

age
50-54 -1.86 -21.93 1.29 15.17
55-59 -3.00 -32.68 2.03 21.75
60-64 -4.15 -35.72 1.18 12.98

Notes: Statistics refer to individuals aged be-
low 65 (all) and receiving DI in the baseline
scenario (DI in BL).

reassessment involves 10% of the beneficiaries each year. However, panel (a) of Figure 8.6

reveals that the welfare effect is negative for levels of initial health below the third decile

and particularly large for those with initial health below the second decile (-1.3% of con-

sumption) and third decile (-0.3% of consumption), and positive for higher levels of health.

The heterogeneity by initial wealth reveals negative effects for the first decile (-0.3%) and

positive for higher quantiles (panel (b) of Figure 8.6). This highlights that the savings from

a large reduction in DI participation induced by the policy reform (and the resulting redistri-

bution as a reduction in the tax rates, see Table H.1 in Appendix H) do not compensate the

reduced insurance experienced by those having lower levels of health (and wealth) at age 50

who are more exposed to the risk of DI episodes in the following years.
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Figure 8.6: Welfare effects by initial health and initial wealth level of introducing an eli-
gibility reassessment.

8.3 Sensitivity

This section presents a number of robustness checks to assess results sensitivity to specific

model assumptions. For each alternative model specification I report the estimated paramet-

ers in Table G.1 and the main results from the policy experiments in Tables G.2 and G.3 of

online Appendix G.

The results are robust to setting the relative risk aversion coefficient to 3, a value closer

to estimates in the literature (French, 2005; French and Jones, 2011). Estimation results

are reported in column 2 of Table G.1 (column 1 reports the estimated parameters of the

baseline specification, already shown in Table 6.2, for ease of comparability). Column 2

of table G.2 shows that the response to the financial return-to-work incentive is slightly

smaller with about a half percentage point (14%) contraction in the reduction of DI rate for

those receiving DI in the baseline or in the reformed scenarios. Among those who exit DI

due to the health reassessment a larger fraction is active in the labor market with respect

to the baseline model specification (from 54 to 58%). However, the main conclusions are

preserved also in terms of welfare implications (see column 2 of Table G.3)

The exogenous health process is specified as the sum of a persistent and a transitory com-

ponent. However, transitory shocks might capture also measurement error, at least partly.

If the variance of the transitory component is overestimated this might affect the individual

responses to policy changes, in particular when introducing the health reassessment probab-

ility. To check whether this is the case, I re-estimate the model reducing by half the variance

of the transitory component (σ2
η). The model fits the data equally well and estimation res-
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ults are reported in column 3 of Table G.1. Also in this case the effect of the first policy

experiment is smaller: the decrease in DI reduces by about 8%. The effect of the health

reassessment is instead rather stable as it is the welfare effect. An increase in health per-

sistence, given by the reduction in transitory fluctuations, might reduce the convenience to

exit DI to go back to work. At the same time, given the symmetric nature of the transitory

component the reduction in negative shocks is compensated by an equivalent reduction in

the positive ones and this might explain why no changes are observed in the second policy

scenario.

In the model specification in Section 4, I introduced a non-linearity in the fixed cost of

work through the parameter ϕP2 which shifts (downward) the intercept of the fixed cost of

work for those working part-time from age 65 onward. This parameter allows to reproduce,

at least partly, the drop in hours worked observed in the data at age 65 (SPA), which is

due to a considerable fraction of individuals not exiting the labor market but reducing hours

worked. This change in behavior is not driven by institutional incentives but it seems to be

driven by preferences (ONS, 2015). In column 4 of Table G.2 I report parameter estimates

when the fixed cost of work is not allowed to vary at age 65 (ϕP2 = ϕP0). The results

are broadly confirmed, both in terms of DI and LFP participation, and in terms of welfare

consequences.

Finally, the model predicts a very large rejection probability for individuals in bad health,

this is likely to be partly driven by the assumption of no direct or indirect costs of applying

for DI in the model resulting in a large fraction of individuals applying for DI. This model

assumption is justified by the institutional setting in which both employed and unemployed

individuals can apply for DI and in a few weeks after applications accepted applicants start

to receive the benefit. However, it might be reasonable to assume that individuals applying

for DI have to pay the cost of filling in the forms and participating in the different steps of

the application process, or to experience the public response to their disability condition in

the form of stigma and discrimination. To capture these potential costs, I introduce in the

equation for leisure (see Equation 4.3) a time cost of applying for DI, ϕA. The calibration of

this parameter is to some extent arbitrary, as I do not have information on the decision to ap-

ply for DI in ELSA nor from other external (administrative or survey) data sources. For this

reason I experiment with three different values of ϕA, 50, 200 and 500 hours respectively.

The introduction of application cost affects the rejection probability for the unhealthy only
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when the cost is set at high values: with ϕA set at 500 the probability shrinks from 68 to

63% for those with health in the first decile, and from 87 to 74% for those with health in the

second and third deciles. The DI application elasticity to benefit generosity is substantially

higher, suggesting that in presence of costs in DI application individuals are more responsive

to changes in the benefit amounts.

The results from the policy experiments are broadly confirmed, in particular for what

concerns the welfare consequences. The major differences are observed when considering

the model specification with the highest application cost. I find that the reduction in DI

participation induced by the first policy experiment shrinks by 36% among those receiving

DI in the baseline or in the reformed scenarios. In the second policy experiment instead the

fraction observed working after being moved out from the benefit due to the health reassess-

ment increases by 5 percentage points. This suggests that having paid the cost of applying

makes less attractive to leave the benefit and return to work (as a result of the wage subsidy),

increases the benefit persistence and therefore, the likelihood of finding individuals in relat-

ive good health and with substantial working capacity among those in DI. See columns 5–7

of Tables G.1–G.3.

9 Conclusions

In this paper, I investigate the consequences of two alternative return-to-work policies—a

wage subsidy and a continuous eligibility reassessment—on welfare, LFP, and DI enroll-

ment using English data. To this end, I develop and estimate a life-cycle model of labor

supply, DI application, and saving behavior. I model the decisions of men living with a part-

ner and approaching retirement age who face uncertainty regarding wage realization, health,

and life expectancy. The model is able to replicate quite well asset profiles, LFP and its het-

erogeneity by health level, the fraction receiving DI by age, and DI persistence over time.

Health is measured on a continuous scale and is based on a large set of objective indicators

collected in ELSA covering the health domains measured in the health assessment to receive

DI. Both the mean and the distribution of health evolution over time are well reproduced by

the process.

Comparing the two alternative policies, I find that a wage subsidy provided to DI bene-

ficiaries for the first year of work is promising, as it increases LFP by 4.6 percentage points
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and DI outflows by 5.7 percentage points without decreasing welfare. The continuous eligib-

ility reassessment has a greater effect on LFP and DI enrollment but is welfare-decreasing,

in particular among low-health individuals. I document that individuals in relatively better

health are more responsive to work incentives, supporting the adequacy of the 2008 UK

reform that introduced return-to-work policies only for DI claimants with less severe disab-

ilities. Finally, I show that results are robust to numerous alternative model specifications.

My main conclusions are likely to be robust to specific changes in modeling assump-

tions. In the baseline model specification, there are no application costs, therefore the flows

in are likely to be overestimated by the model. However, this effect is compensated by the

absence in the model of a direct cost of receiving DI in terms of reduced labor market oppor-

tunities (the wage offer only depends on age and health and not on DI status in the previous

period) which might produce an overestimation of the benefit outflows. The sensitivity ana-

lysis in Section 8.3, which introduced the application costs, shows that indeed the effect of

the wage subsidy decreases with the increase in the size of the application costs, but remains

sizable.

The results in this paper are limited to cohabiting men aged above 50. Couples tend to be

wealthier, less at risk of under-saving, in better health, and have lower mortality rates than

singles. Therefore, these findings should be extended with caution to single individuals.

Another caveat is that I abstract from couple joint decisions; however, it is important to

note that the presence of the partner and her economic status might influence the couple’s

decision to participate in the labor market and to claim DI (Blau, 1998; Blau and Gilleskie,

2006; Borella et al., 2017). Finally, the model assumes that health is exogenous, and it does

not account for the possibility that changes in the DI benefit and DI benefit receipt might

induce individuals to modify their behaviors, thus affecting their health level and dynamic

(Cole et al., 2019) as well as their life expectancy (Gelber et al., 2018; Black et al., 2018).

For example, forcing DI beneficiaries to work by increasing the work incentives or reducing

the DI generosity might have direct negative effects on individuals’ health. Moreover, if

return-to-work policies substantially increase labor supply among DI claimants, this might

affect wages and thus attenuate the LFP response. The investigation of heterogeneous effects

by household type, the role of labor demand, and the potential endogenous role of health are

left to future research.
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Online Appendix:

Disability Insurance and the Effects of

Return-to-Work policies
Chiara Dal Bianco

A Data

The English Longitudinal Study of Ageing (ELSA) is the English version of the Health and

Retirement Study (HRS) for the US. It began in 2002 and it targets people aged 50 and

over and their partners, living in private households in England. The original sample was

drawn from households that had previously responded to the Health Survey for England

(HSE) between 1998 and 2001 and then refreshed at several waves (waves 3, 4, 6, 7 and

9). The survey follows the same group of respondents over time and takes place every two

years. The questionnaires are designed to measure the ageing process of individuals by

looking at changes in health, economic and social circumstances. The survey provides data

about household and individual demographics, health - physical and psychosocial, work and

pensions, income and assets, housing, cognitive function, social participation, expectations,

objective health measures such as walking speed and weight (collected every two waves).

A.1 The health measure

Table A.1 reports the list of conditions included in the health index and their averages for re-

spondents age 50–64 and 65–90. Limitations with ADL include: dressing, including putting

on shoes and socks; walking across a room; bathing and showering; eating, such as cutting

up food; getting in and out of bed; using the toilet, including getting up and down. Lim-

itation with Instrumental ADL include: using map to figure out how to get around strange

place; preparing a hot meal; shopping for groceries; making telephone calls; taking medic-

ations; doing work around house and garden; managing money; e.g. paying bills, keeping

track of expenses. The CES-D scale is based on questions about feelings experienced in the
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past weeK: (i) felt depressed, (ii) felt that everything was an effort, (iii) sleep was restless,

(iv) were happy, (v) felt lonely, (vi) enjoyed life, (vii) felt sad, (viii) could not get going.

Table A.1: Variables used for the computation of the health index.

ELSA variables age<65 age≥65
physical functions
difficulty sitting 2 hours 0.11 0.11
difficulty getting up from chair 0.16 0.25
difficulty walking 100 yards 0.07 0.14
difficulty climbing several flights stairs 0.18 0.35
difficulty climbing one flight stairs 0.07 0.14
difficulty stooping, kneeling or crouching 0.23 0.37
difficulty reaching or extending arms 0.07 0.10
difficulty pulling or pushing large objects 0.08 0.14
difficulty lifting or carrying weights 0.09 0.17
difficulty picking up 5p coin from table 0.03 0.05
limitations with Activities of Daily Living (ADL) (from 0 to 5) 0.23 0.41
eyesight (from 1=excellent to 6=blind) 2.36 2.56
glaucoma 0.02 0.07
cataracts 0.04 0.21
other eye problems 0.02 0.05
hearing (from 1=excellent to 5=poor) 2.60 3.00
problem of incontinence 0.04 0.10
mental, cognitive and intellectual functions
Any emotional, nervous or psychiatric problems 0.10 0.06
limitations with Instrumental ADL (from 0 to 5) 0.18 0.37
Depression (CESD scale from 1 to 8) 2.88 2.94
Diagnosed psychiatric problems 0.07 0.04
Diagnosed dementia, Alzheimer’s disease or Parkinson’s disease 0.01 0.03
diagnosed conditions
High blood pressure or hypertension 0.31 0.42
A stroke (cerebral vascular disease) 0.02 0.07
Diabetes or high blood sugar 0.09 0.14
Chronic lung disease 0.03 0.07
Asthma 0.09 0.09
Arthritis 0.21 0.32
Osteoporosis 0.01 0.02
Cancer 0.02 0.07
Angina 0.05 0.12
Myocardial infarction 0.04 0.11
Heart failure <0.01 0.01
Heart murmur 0.02 0.04
Abnormal heart rhythm 0.05 0.10

Note: Unless differently specified the variables are binary. The table reports averages computed on male
respondents living with a partner interviewed in wave 1 to 6 of ELSA (11,317 aged 50-64 and 10,316 aged
65-90).
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Figure A.1: Self-reported health distribution by DI status.

A.2 Additional tables and figures
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Figure A.2: Fraction receiving DI by cohort.
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Figure A.4: Breakdown of working-age benefits spending over time

Notes: ‘Other benefits’ includes council tax benefit and minor housing-related benefits. Source: Institute for
Fiscal Studies (https://ifs.org.uk/publications/14011).

B Exogenous processes

B.1 Health process

The three parameters of the random component of the health process (σ2
νH

, σ2
η and ρH) plus

the initial variance at age 50 (σ2
0) are identified by the variances and covariances of the

adjusted residuals, ζ̃Hit . The initial period variance (t = 0), the following periods variances
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(t = 1, . . . , T ) and the lag ℓ covariances are equal to

V ar(ζ̃Hi0 ) = σ2
0 + σ2

η

V ar(ζ̃Hit) = ρ2tσ2
0 +

1− ρ2t

1 + ρ2
σ2
νH

+ σ2
η

E(ζ̃Hitζ̃
H

it−ℓ) = ρℓ
(
ρ2(t−ℓ)σ2

0 +
1− ρ2(t−ℓ)

1 + ρ2
σ2
νH

)

Where ρ is ρH according to the main text notation. Identification requires to have at least

three periods of data. Note that, given the biennial nature of ELSA data I consider lags ℓ

that are multiple of 2 up to lag 8.

The mean and standard deviation of health over age in the data and in the simulations are

shown in Figure B.1. Figure B.2 reports the fit of specific moments of the health distribution

by age. Simulations are obtained setting the fixed effect equal to the average fixed effect

for the cohort of interest (1946-55), family size to two and the unemployment rate at 4.9%,

which is the 2004 annual unemployment rate for men in England.

Table B.1 shows the variances and covariances of the adjusted error term in the data and

in the simulations.
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Figure B.1: Model fit for the mean and standard deviation of health by age.
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Figure B.2: Model fit for selected percentiles of the health distribution by age.

Table B.1: Variance-covariance matrix of the adjusted residuals. Data vs simulations.

Age
Age 50-51 52-53 54-55 56-57 58-59 60-61 62-63 64-65 66-67 68-69 70-71

Data
50-51 0.987
52-53 0.761 1.089
54-55 0.695 0.790 1.053
56-57 0.775 0.822 0.934 1.158
58-59 0.802 0.733 0.894 0.930 1.144
60-61 0.610 0.730 0.794 0.906 0.955 1.172
62-63 - 0.762 0.705 0.741 0.860 0.933 1.183
64-65 - - 0.313 0.752 0.852 0.948 0.947 1.2290
66-67 - - - 0.800 0.800 0.843 0.879 0.926 1.119
68-69 - - - - 0.727 0.752 0.791 0.856 0.884 1.117
70-71 - - - - - 0.646 0.855 0.870 0.894 0.939 1.117

Simulations
50-51 1.02
52-53 0.809 1.036
54-55 0.759 0.824 1.055
56-57 0.710 0.771 0.840 1.064
58-59 0.665 0.722 0.783 0.848 1.072
60-61 0.624 0.677 0.735 0.795 0.856 1.082
62-63 - 0.632 0.688 0.745 0.803 0.866 1.090
64-65 - - 0.644 0.696 0.750 0.810 0.871 1.104
66-67 - - - 0.654 0.704 0.759 0.819 0.884 1.107
68-69 - - - - 0.658 0.708 0.764 0.826 0.887 1.108
70-71 - - - - - 0.665 0.716 0.780 0.836 0.896 1.108
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Assuming an AR(1) process for health and estimating the process at the mean implies

that the persistence of health is constant. This means that individuals in very bad health ex-

perience the same persistence of individuals in good health. Figure B.3 plots the transition

matrix implied by the data when the health index is discretized in ten deciles. The level

of persistence (the values on the diagonal) does not seem to vary remarkably with health;

moreover, the process is not far from being symmetric as the probability of a health im-

provement is almost equal to the probability of a health drop.
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Figure B.3: Transition probability from t to t+ 1 for the health deciles.

I checked for the robustness of the health measure to the inclusion of self-reported health

among the health indicators used in the principal component. Table B.2 reports the estima-

tion of the deterministic and stochastic components of the health process when self-reported

general health is included. To ease the comparison, the table also reports the estimates of the

continuous index used in the analyses and that do not include self-reported general health

(the values are those already shown in Table 6.1 in the main text). The parameters of both

the deterministic and the stochastic component are quantitatively the same in the two spe-

cifications of the index.
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Table B.2: Parameters of the health process when self-reported health (SRH) is used to
generate the health index and when it is excluded.

Deterministic component Random component
no SRH SRH no SRH SRH

age -0.503*** -.463*** ρ 0.967*** 0.967***
(0.126) (0.125) (0.011) (0.011)

age2/10 0.081*** 0.0749*** σ2
ν 0.063** 0.063**

(0.019) (0.019) (0.021) (0.022)
age3/100 -0.005*** -0.004 σ2

η 0.158*** 0.158***
(0.001) (0.001) (0.028) (0.028)

σ2
0 0.865*** 0.886***

(0.056) (0.058)
Observations 19,034 19,029

Even if the interest is on individual decisions up to age 70, I include individuals aged

above 70 to estimate the health process because the model is solved and simulated up to

age 90. Table B.3 shows that the estimated parameters of the stochastic component are

quantitatively the same if I use only individuals aged 50 to 70.

Table B.3: Parameter estimates of the health process stochastic component. In the first
column individuals aged 50 to 90 are included in the estimation sample (baseline
specification), in the second column only those up to age 70 are included.

Random component
50-90 50-70

ρ 0.967 0.976
(0.011) (0.013)

σ2
ν 0.063 0.055

(0.021) (0.023)
σ2
η 0.158 0.172

(0.028) (0.029)
σ2
0 0.865 0.835

(0.056) (0.058)

B.2 Wage process

To estimate the wage process and control for selection into participation, I closely follow

Low and Pistaferri (2015). I report below the main steps of the procedure. I write the wage

8



equation and the LFP equation as

logwit = fi + ωw(Hit, ageit) + ϵit + ξit

ϵit = ϵit−1 + νwit , ξit ∼ N(0, σ2
ξ )

P ∗
it = ωP (Hit, ageit) + ψGit + ϕit

= pit + ϕit

where Git is the vector of the exclusion restrictions and Pit = 1 if P ∗
it > 0. To get rid of the

unobserved heterogeneity fi, I rewrite the wage equation using data in differences, with s

denoting a generic lag with s ≥ 1.

∆s logwit = ωw(∆
sHit,∆

sageit) + ∆sϵit +∆sξit

= ωw(∆
sHit,∆

sageit) +
s−1∑
j=0

νwit−j +∆sξit

I observe wage growth only for individuals working in both t and t− s, therefore the condi-
tional expectation takes the following form:

E(∆s logwit|Pit = Pit−s = 1) = ωw(∆
sHit,∆

sageit) + E

s−1∑
j=0

νwit−j |Pit = Pit−s = 1


= ωw(∆

sHit,∆
sageit) + E

s−1∑
j=0

νwit−j |ϕit > −pit, ϕit−s > −pit−s


where Pit = 1 if hit > 0 and zero otherwise. Assuming (ϕitϕit−s)

′ ∼ N(0, I), the condi-

tional expectation can be written as:

E(∆s logwit|Pit = Pit−s = 1) = ωw(∆
sHit,∆

sageit)+(
σνw

s−1∑
j=0

ρνwt−jϕt

)
λit +

(
σνw

s−1∑
j=0

ρνt−jϕt−s

)
λit−s

where λit is the inverse Mills’ ratio, σ2
νw is the variance of νwit , ρνkϕℓ

is the correlation

between νik and ϕiℓ. The regression of the wage growth on the controls in differences

and the inverse Mills’ ratios for each lag s allows to consistently estimate the parameters of

the wage process.

In particular, I assume that financial incentives to participate in the labor market and the
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family structure serve as exclusion restrictions (G). To measure financial incentives, I use

household financial constraints, that influence the labor market attachment, and institutional

characteristics, that affect the labor supply decision. The former include having a mortgage

loan; the latter comprise whether the individual is above state pension age and whether

he is above 55, which is the age from which individuals with a private pension plan can

start to withdraw from it. The family structure variables capture family needs that affect

participation decision and the couples’ preferences for joint retirement, for example to spend

time together. The variables considered are having a partner, having children, partner’s

health, whether the partner is above state pension age and whether the partner is above

minimum age to withdraw from the private pension plans.

Table B.4: Estimation of the deterministic component’s parameters of the wage process.

Employment Wage growth
Parameter (1) (2)
Deterministic component
age 0.437*** 0.050

(0.100) (0.054)
age2/10 -0.045*** -0.065

(0.009) (0.047)
health 10.054*** 0.303

(1.308) (1.080)
health2 -4.158*** -0.140

(0.888) (0.633)

p-value exclusion restrictions 0.000
p-value selection correction terms 0.121

Random component
σ2
νw 0.015***

(0.004)
σ2
ξ 0.041***

(0.005)

Observations 12,110 3,079

The first column of Table B.4 reports probit parameter estimates for the selection equa-

tion. Additional controls included are having a partner and time fixed effects. The exclusion

restrictions are jointly significant (p-value 0.000). The probit selection equation allows to

construct the inverse Mills’s ratio to be included in the wage growth equation to account for

selection bias. Estimates of the wage equation are shown in the second column of Table

10



B.4. Given the low number of observations, estimates are not very precise. The wage offer

decreases with age and it increases with the level of health.
Finally, the following set of moment conditions on the adjusted error term are used to

identify the parameters of the random component of the wage process.

E(∆s(ϵit + ξit)|ϕit > −pit, ϕit−s > −pit−s) = σνwλit

s−1∑
j=0

ρνw
t−jϕt

+ σνwλit−s

s−1∑
j=0

ρνt−jϕt−s

E(∆s(ϵit + ξit)
2|ϕit > −pit, ϕit−s > −pit−s) = σ2

νw

s− pitλit

s−1∑
j=0

ρνw
t−jϕt

− pit−sλit−s

s−1∑
j=0

ρνt−jϕt−s

+ 2σ2
ξ

E(∆s(ϵit + ξit)∆
ℓ(ϵit−s + ξit−s)) = −σ2

ξ

Estimates are reported in the bottom panel of Table B.4. Note that, given the biennial

nature of ELSA data, the typical lag (difference in the interview years) between consecutive

waves is 2 (70%). However, due to several reasons such as fieldwork length, interview

schedule, possible work interruptions and no participation of the respondent in a particular

wave, s can take value 1 (13%) or values greater than 2 (18%), most commonly 3 (15%).

Given that the fixed effect cancelled out when computing the adjusted residuals git, I

recover the fixed effect f̂i for those observed working and set the fixed effect for each simu-

lated individual equal to the average fixed effect for those born between 1946 and 1955, i.e.

the reference cohort for the model estimation.

B.3 Survival probability

In the model, I use mortality rates conditional on health for men born between 1946 and

1955. To derive them, I use ELSA data linked to administrative death records which allow

to know the exact year of death of any individual (including attriters) up until February 2013

(this information is available in the public data release of ELSA).

Figure B.4a shows cross-sectional mortality rates from the life tables (for year 2004) and

compares it with mortality rates computed on ELSA data. The solid black curve is obtained

by estimating a discrete time duration model (complementary log-log hazard function) on

a yearly panel of male individuals interviewed between wave 1 and wave 6. The model

controls for age and uses log(time) as baseline hazard function. The dashed black curve

shows predictions from a probit regression of the annual death probability on a second order

polynomial in age for individuals observed in the second wave of ELSA, collected in 2004,

to be consistent with the choice of using 2004 life tables. This comparison reveals that

11



mortality rates computed with ELSA data are lower than comparable mortality rates from

the life tables (for year 2004). In the derivation of survival probabilities conditional on health

level I assume that the mortality risk perceived by individuals is consistent with the life tables

and re-scale mortality in each health-age group in order to match the life tables. I make this

assumption to be sure that mortality rates are corrected for selection into participation and

attrition problems and I take from the data the heterogeneity in mortality rates by health.
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Figure B.4: Mortality rates in the life tables and in the data. Panel (a) reports mortality
rates for ELSA sample. Panel (b) reports predicted mortality rates for cohort
1946-55.

Data are biennial but, given the linkage with administrative death records, I construct

a dummy variable taking value one if the individual dies by next year and zero otherwise.

This allows me to estimate the probability of dying by t+ 1 conditional on being alive in t,

for each age and health level in t. I do it estimating a fixed effect regression and controlling

for a four-grade polynomial in age interacted with four discrete health categories.36

Details on the procedure used to derive mortality rates are provided below.

1. I estimate the probability of being of health level i (P̂ r(Ht = i)) and of dying by t+1

conditional on health level i (P̂ r(deathDt+1|Ht = i)) using all observations for male

respondents. To control for cohort and family size effects, I estimate these probabilit-

ies using fixed-effect regressions. When I predict from the estimated regressions, I set

family size to two and the fixed effect equal to the average fixed effect for those born

between 1946 and 1955 (the cohort of interest);
36I discretize health in four categories, below the 20th percentile, between the 20th and the 30th percentiles,

between the 30th percentile and the median and above the median.
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2. the probability of dying by t+ 1 at each age t is given by:

P̂ r(deathDt+1) =
4∑

i=1

P̂ r(Ht = i) ∗ P̂ r(deathDt+1|Ht = i); (B.1)

Figure B.4b shows the probability computed according to equation B.1 compared to

the life tables. Note that the in-sample predictions for the cohort of interest (1946-55)

lay below the life tables (not shown). However, using the individual specific fixed

effect I can only compute mortality rates up to age 67. To predict out of sample

and account for cohort effects, I use the average fixed effect for the 1946-55 cohort,

which affects the intercept of the curve, and the parameters of the age polynomials

which affect the shape. The resulting curve, shown in Figure B.4b, over predicts the

mortality rates compared to the cross-sectional life tables starting from age 56.

3. I compare the estimated probability with the life tables for each age t:

P̂ r(deathLTt+1)

P̂ r(deathDt+1)
= αt

4. I rescale each conditional probability in such a way that the unconditional probability

matches the life tables:

P̂ r(deathLTt+1) =
4∑

i=1

P̂ r(Ht = i) ∗ P̂ r(deathCt+1|Ht = i)

with P̂ r(deathCt+1|Ht = i) = αt ∗ P̂ r(deathDt+1|Ht = i).

Figure B.5 shows the generated mortality curves by health and the corresponding simu-

lated curves. Note that the remarkably good fit suggests that also health fits well the data as

shown in Subsection B.1.

13



0
0.05

0.1
0.15

0.2

50 60 70 80 90
age

health below 20th percentile

0
0.05

0.1
0.15

0.2

50 60 70 80 90
age

health btw 20th and 30th percentile

0
0.05

0.1
0.15

0.2

50 60 70 80 90
age

health btw 30th and 50th percentile

0
0.05

0.1
0.15

0.2

50 60 70 80 90
age

health above 50th percentile

data simulations

Figure B.5: Mortality rates by health level. Data vs simulations.

C Value function and model solution

In the model when individuals apply for DI, at the same time, they decide whether they

would work or not if they were rejected. If the individual applies for DI, we have two dif-

ferent possible choices: he applies and work if rejected or he applies and remains out of the

labor market if rejected. In the first case the value function becomes V app = (pallowed)V
DI+

(1−pallowed)V
work, in the second case V app = (pallowed)V

DI+(1−pallowed)V
inactive, where

pallowed denotes the probability of being allowed the benefit. As an example, when ht > 0,

dappt = 0 and age is below SPA the value function is the following:

V work(Xt) = max
at+1,ht

{
U(ct, lt) + βπs

t+1

∫∫
Ht+1,
wt+1

V (Xt+1|Xt)dF (Xt+1|Xt)

+ β(1− πs
t+1)b(at+1)

}
with lt = L− ht − ϕH(Ĥ −Ht)− ϕPt ,

(C.1)

such that at+1 = at + y((1 − cw)wtht, rat); τ) + yst + trt − ct. In solving the model,

the maximization of life-time utility is with respect to savings at+1, which is equivalent to
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maximize with respect to consumption ct. Individuals are assumed to contribute a fixed

fraction of their salary, cw, to the pension fund up to SPA when they start to receive the

pension. From age 70 onward there is no uncertainty on future wages but only on future

health, because individuals are assumed to exit the labor market by that age.

I denote the vector of preference parameters with ϑ:

ϑ = {β, ν, γ, L, ϕH , ϕP0, ϕP1, ϕP2, α1, α2, α3, ϕB, K}

and the parameters that determine the data generating process for the state variables with χ:

χ =
{
r, ωH(aget), σνH , ση, ρH , ωw(Ht, aget), σνw , {yst, πs

t}
T
t=1

}
.

The state variables are discretized into a finite number of points on a grid, and the value

function is evaluated at each point of the state space. I take 50 grid points for assets, 5 for

pension wealth, 5 for the wage shock, 6 for the persistent health component and 5 for the

transitory health component, additionally I have 2 states for DI claiming status for a total of

75,000 grid points. The grid for assets is more finely discretized for lower values of assets.

I take expectations with respect to shocks in health and wages and with respect to mor-

tality risk. To capture uncertainty over the persistent components of health and wages, I

convert θt and ϵt into discrete Markov chains.

D Calibration of K and ϕB

To calibrate the bequest parameters (K and ϕB) I follow De Nardi et al. (2010) (see Ap-

pendix D of the Supplementary Material of their paper). I compute the marginal propensity

to bequeath (mpb) out of an extra pound and the consumption value of wealth at which the

bequest motive becomes operative. I do it for a person who starts period t with cash on hand

x, has level of health Ḣ and dies the next period with probability one.

Then, I calibrate the curvature of the bequest function K and the bequest weight ϕB in

such a way that the mpb is equal to 0.98 and the bequest motive becomes operative when

x > £8000. These values are in line with those implied by the parameter estimates in

French (2005). French (2005) estimates imply a mpb ranging from 0.97 to 0.98, and a value

of x between $8000 and $16000 in 2002 values, corresponding to £7300–£14700 in 2004
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values.

The maximization problem is

max
e

1

1− ν
(cγℓ1−γ)1−ν + βϕB

(e+K)(1−ν)γ

1− ν
(D.1)

subject to e = (1 + r)(x− c)

where ℓ = L − ϕH(Ĥ − Ḣ) and e is the bequest left. I fix Ḣ equal to the worst level of

health, i.e. Ĥ − Ḣ = 1. Solving the maximization problem we find the optimal e:

e =
x−Kf

q + f
(D.2)

with f =

(
(1 + r)

βϕB

ℓ(1−γ)(1−ν)

) 1
γ(1−ν)−1

and q = − 1

1 + r

A person leaves a bequest e only if x > Kf . If x is large enough, the mpb out of extra

pound today is

δ

δx

(
e

1 + r

)
=

1

(1 + r)(q + f)
. (D.3)

Equations D.2 and D.3 give the conditions to calibrate the curvature of the bequest function

K and the bequest weight ϕB, respectively. The resulting values in the baseline specification

are ϕB = 42.8 and K = 403, 368.

E Moment conditions and asymptotic distribution of para-

meter estimates

E.1 Moment conditions

The set of data moments used in the estimation of the structural parameters are obtained

by estimating life-cycle profiles for assets, participation, hours worked, DI claiming rate, DI

persistence, DI inflow and average health if in DI; the profiles are representative of the cohort
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of interest, those born in 1946-55. The procedure is similar to the one implemented in French

(2005). To increase sample size, I use information on both singles and couples. Taking as

an example hours profile, I regress log hours, log(hit), on an individual specific effect fi, a

polynomial in age, a full set of family size dummies sizeit, a dummy for having a cohabiting

partner coupleit and unemployment rate Ut, proxying for aggregate time effects. When

considering LFP as the outcome, age polynomials are interacted with health categories.

log(hit) = fi +
S∑

s=1

πsage
s
it +

K∑
k=1

πk1 {sizeit = k}+ πCcoupleit + πUUt + uit (E.1)

This specification allows estimation of age parameters (and in case of participation age

parameters conditional on a certain level of health), accounting for individual fixed effects,

time effects and family size effects.

The estimated fixed effects f̂i are regressed on a set of ten-year cohort dummies and the

couple dummy, this allows to compute the conditional expectation of f̂i for a specific cohort

of individuals cohabiting with a partner, E
[
f̂i|cohort = c, couple = 1

]
. I then simulate

from the estimated model fixing family size at two, unemployment rate at 4.9% and the

individual fixed effect with the average fixed effect for the cohort of interest. Specifically,

I replace fi with f̃i = f̂i − E
[
f̂i|cohorti, couplei

]
+ E

[
f̂i|cohort = c, couple = 1

]
. The

reference cohort c comprises those born between 1946 and 1955. This results in data profiles

that are representative of the same group of individuals used to set up initial conditions for

model simulations.37

The life-cycle profile of assets, including both housing and non-housing wealth, estim-

ated using data between 2002 and 2008 might be largely influenced by the rapid house price

increase in that period. Blundell et al. (2016b) report real house price movements in England

from 2002 to 2013. Between the first two waves of ELSA, in 2002 and in 2004 respectively,

house prices increase by 40%. If the assets profile used to estimate the model’s parameters

is not corrected for house price changes, then the assets’ increase observed in the data would

be explained by savings in pension and non-pension wealth. To account for this, I assume

that the house price increase and the resulting wealth increase for homeowners do not af-

fect individual decisions in terms of consumption, retirement and LFP. Therefore, I strip out

37The estimated data profiles are shown in Section 7 together with the profiles implied by the estimated
model.
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house price changes by dividing net primary housing wealth by the house price index, using

as reference year 2004, and I assume a price increase equal to the real rate of return on other

financial assets. The corrected net primary housing wealth is added up to net non-housing

wealth and used to estimate the asset profile.

I use waves 1–6 for the assets profile, whereas I restrict the data to the first four waves

of ELSA, a period in which DI policies and parameters were relatively stable to estimate the

remaining moment conditions.

E.2 Parameter estimation

Under regularity conditions (Pakes and Pollard (1989) and Duffie and Singleton (1993)), the

MSM estimator ϑ̂ is both consistent and asymptotically normally distributed:

√
I(ϑ̂− ϑ0) ∼ N(0,V) (E.2)

with variance-covariance matrix V = (1 + τ)(D’WD)−1D’WSWD(D’WD)−1, where

S is the variance-covariance matrix of the data, D is the Jacobian matrix of the population

moment vector (Equation E.3) and W the plim of the weighting matrix Ŵ .

D =
∂θ(ϑ, χ0)

∂ϑ′

∣∣∣∣
ϑ=ϑ0

(E.3)

I use a diagonal weighting matrix (Pischke, 1995) because the optimal weighting matrix

(W = S−1) is asymptotically efficient but can be severely biased in small sample. The

variance-covariance matrix S and the weighting matrix W are estimated with their sample

analogue. The partial derivatives in the Jacobian matrix D are straightforward to compute

by taking the numerical derivatives of θ̂I(.).

If the model is properly specified Newey (1985) shows that

I

1 + τ
θ̂(ϑ, χ0)

′R−1θ̂(ϑ, χ0) ∼ χ2
N−8 (E.4)

where R−1 is the generalized inverse of PSP, with P = I − D(D′WD)−1D′W.

The χ2 overidentification test statistically rejects the model, this is not surprising because

the profiles often lay outside the confidence intervals.
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I report below the measure of sensitivity proposed by Andrews et al. (2017) that allows,

among other things, to formally show how perturbations of moments conditions affect para-

meter estimates. The sensitivity measure called Λ, is defined as Λ = (D′WD)−1D′W. To

ease the interpretation, I report the matrix content graphically.38 Figures E.1–E.8 report the

product between each element Λpj of Λ and the standard deviation of the jth moment, such

that the values reported represent the effect of one-standard-deviation change in the moment

on each parameter.
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Figure E.1: Effect of one-standard-deviation change in the targeted moments on relative
risk aversion parameter, γ.

38The full matrix is available upon request.
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Figure E.2: Effect of one-standard-deviation change in the targeted moments on the cost of
being in bad health, ϕH .
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Figure E.3: Effect of one-standard-deviation change in the targeted moments on the inter-
cept of the cost of work, ϕP0.
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Figure E.4: Effect of one-standard-deviation change in the targeted moments on the slope
of the cost of work, ϕP1.
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Figure E.5: Effect of one-standard-deviation change in the targeted moments on the inter-
cept of the cost of work form age 65 onward, ϕP0.
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Figure E.6: Effect of one-standard-deviation change in the targeted moments on the para-
meter of the acceptance probability, α1.
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Figure E.7: Effect of one-standard-deviation change in the targeted moments on the para-
meter of the acceptance probability, α2.
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Figure E.8: Effect of one-standard-deviation change in the targeted moments on the para-
meter of the acceptance probability, α3.
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F Model fit

Moments not directly targeted in the estimation procedure.
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Figure F.1: Life-cycle profiles for median, first and second tertiles of assets. Simulations
versus data.
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Figure F.2: Earnings life-cycle profile (deviation from life-cycle means). Simulations
versus data.

24



0

.2

.4

.6

.8

he
al

th

50 55 60 65
age

health: <20pct 20-30pct
30-50pct >50pct

Figure F.3: Fraction receiving DI by health level. Simulations versus data.

Table F.1: Percentage receiving Income Support and Pension Credit by age. Data and sim-
ulations.

Income Support Pension Credit
age data simulations data simulations
50–55 3.2 3.9 – –
56–59 3.9 4.6 – –
60–64 – – 6.0 8.8
65–70 – – 6.8 0.4

G Policy experiments and robustness analyses
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Table G.1: Structural parameter estimates. Baseline and alternative model specifications.

Parameter BL ν = 3 σ2
η/2 ϕP2 = ϕP0 ϕA = 50 ϕA = 200 ϕA = 500

(1) (2) (3) (4) (5) (6) (7)
γ 0.616 0.618 0.663 0.590 0.629 0.616 0.607
ϕH 4,201 4,014 4,329 3,975 4,306 4,256 4,149
ϕP0 909 892 1,075 707 969 854 777
ϕP1 46 47 47 60 42 45 46
ϕP2 467 497 666 – 612 492 416
α1 0.200 0.183 0.273 0.073 0.267 0.210 0.264
α2 0.124 0.136 0.174 0.064 0.169 0.176 0.261
α3 0.122 0.135 0.173 0.062 0.169 0.175 0.254

Table G.2: Effects of policy experiments and elasticities to benefit generosity for different
model specifications.

BL ν = 3 σ2
η/2 ϕP2 = ϕP0 ϕA = 50 ϕA = 200 ϕA = 500

(1) (2) (3) (4) (5) (6) (7)
Experiment 1: DI benefit for an additional year if back to work.
all
∆ DI rate -0.56 -0.51 -0.52 -0.52 -0.51 -0.45 -0.40
∆ LFP 0.45 0.42 0.43 0.43 0.42 0.36 0.32

sub-sample 1
∆ DI rate -5.68 -4.88 -5.24 -5.66 -4.97 -4.32 -3.66
∆ LFP 4.63 4.04 4.25 4.54 -4.03 3.60 3.11

Experiment 2: 10% reassessment probability.
all
∆ DI rate -2.97 -3.14 -2.89 -3.18 -3.07 -3.17 -3.41
∆ LFP 1.50 1.84 1.49 1.58 1.72 1.98 2.39

sub-sample 2
∆ DI rate -30.63 -30.50 -29.23 -34.55 -30.02 -30.85 -31.80
∆ LFP 16.42 17.67 15.50 18.83 16.14 17.42 18.73

Elasticities
DI app. 0.90 1.06 1.10 0.74 0.84 1.15 1.16
non-part. 0.36 0.45 0.41 0.33 0.45 0.49 0.63
Notes: Experiment 1: individuals are allowed to keep the DI benefit for an additional year if they go
back to work. Experiment 2: DI recipients face a 10% probability of having their health reassessed
on a yearly basis. All: individuals aged below 65; sub-sample 1 (receiving DI in the baseline or in
the reformed scenarios); sub-sample 2: receiving DI in the baseline scenario only.
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Table G.3: Welfare effects of policy experiments for different model specifications.

BL ν = 3 σ2
η/2 ϕP2 = ϕP0 ϕA = 50 ϕA = 200 ϕA = 500

(1) (2) (3) (4) (5) (6) (7)
Experiment 1: DI benefit for an additional year if back to work.
welfare effect 0.0004 0.0004 0.0004 0.0005 0.0004 0.0003 0.0003
welfare effect by health
<20th pct 0.0009 0.0008 0.0011 0.0008 0.0009 0.0008 0.0008
20-30th pct 0.0012 0.0011 0.0016 0.0011 0.0012 0.0010 0.0010
30-50th pct 0.0005 0.0004 0.0004 0.0004 0.0004 0.0003 0.0003
>50th pct 0.0003 0.0003 0.0003 0.0004 0.0003 0.0002 0.0002

Experiment 2: 10% reassessment probability.
welfare effect -0.0001 <0.0001 >-0.0001 >-0.0001 0.0003 0.0002 0.0002
welfare effect by health
<20th pct -0.0135 -0.0152 -0.0121 -0.0170 -0.0120 -0.01490 -0.0172
20-30th pct -0.0026 -0.0025 -0.0027 -0.0023 -0.0022 -0.0022 -0.0022
30-50th pct 0.0005 0.0007 0.0004 0.0011 0.0006 0.0010 0.0011
>50th pct 0.0016 0.0019 0.0015 0.0020 0.0019 0.0021 0.0023

Note: Experiment 1: individuals are allowed to keep the DI benefit for an additional year if they go
back to work. Experiment 2: DI recipients face a 10% probability of having their health reassessed
on a yearly basis.
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H Welfare effect and revenue neutrality

The lifetime expected utility of an individual under the scenario s can be written as:

E0U(s) = E0

{
T∑
t=0

βt

(
πt

1

1− ν
(cit(s)

γlit(s)
1−γ)1−ν + (1− πt)

1

1− ν
ϕB(at(s) + k)(1−ν)γ

)}
.

Let s = b for the baseline scenario and s = b′ for the reformed scenario, in which some fea-
tures of the benefit program have been modified. I define ρ as the proportion of consumption
an individual is willing to pay from age 50 to age 90 to be indifferent between the baseline
and the reformed scenario. We can obtain ρ by equating E0U(b

′)|ρ = E0U(b), where

E0U(b
′)|ρ ≡E0

{
T∑
t=0

βt

(
πt

1

1− ν
(((1− ρ)cit(b

′))γlit(b
′)1−γ)1−ν + . . .

. . .+ (1− πt)
1

1− ν
ϕB((1− ρ)(at(b

′) + k))(1−ν)γ

)}
E0U(b) ≡E0

{
T∑
t=0

βt

(
πt

1

1− ν
((cit(b))

γlit(b)
1−γ)1−ν + . . .

. . .+ (1− πt)
1

1− ν
ϕB(at(b) + k)(1−ν)γ

)}
such that ρ satisfies the following expression 1− ρ = ( E0U(b)

E0U(b′)|ρ=0
)

1
(1−ν)γ .

The policy experiments presented in section 8 are revenue neutral. I assume that revenue
costs or savings resulting from policy changes are offset by iterative proportional adjust-
ments of the progressive earned income tax rates (see the first column of Table I.4 in Ap-
pendix I for the tax schedule implemented in the model). Let the present discounted value
of government revenues (GR) and costs (GC) be

GR =
N∑
i=1

T∑
t=1

rt (τ(withit, diit, pbit) + τ̃(rait) + nicit))

GC =
N∑
i=1

T∑
t=1

rt (trit + diit + appcost ∗ 1(dappit = 1) + sbit)

GR are the sum of (labor, pension and DI) income taxes (τ(. . .)), taxes on investment
income (τ̃(. . .)) and national insurance contributions (nic). GC are the sum of means tested
benefits (tr), DI benefit (di), the cost for the government of assessing DI eligibility appcost
(Source:www.nao.org.uk/wp-content/uploads/2016/01/Contracted-out-health-
and-disability-assessments.pdf) and the basic amount of the state pension (sb).39

39See Appendix I for details on how pension wealth enters the model.
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I assume that the present discounted value of net revenue flows is fixed and equal to D̄ =

GR − GC. When I change the benefit structure I proportionally adjust τ to keep D̄ fixed.
Table H.1 reports the percentage change applied to the tax rates to reach revenue neutrality.
For example, in experiment 1 when the subsidy is equal to 20% of the benefit amount the tax
rates reported in Table I.4 are adjusted as follows: 0.1× (1− 0.0011), 0.22× (1− 0.0011)

and 0.4× (1− 0.0011).

Table H.1: Percentage changes in the tax rates to reach revenue neutrality of policy
changes.

Experiment 1
subsidy 20% 40% 60% 80% 100%

-0.11 -0.24 -0.37 -0.51 -0.69
Experiment 2

reassessment probability 10% 30% 50% 70% 100%
-4.51 -8.74 -10.46 -11.34 -12.18

Model fit
benefit amount -10% +10%

-1.81 2.33

I Tax and benefit system

The tax and benefit system considered is the one for 2003/04. The tax unit in the UK sys-
tem is the individual. Three different types of social security benefits can be identified:
contributory benefits (earnings-replacement benefits and pensions), non-contributory and
non-means-tested benefits (they do not require contributions but they depend on some con-
tingencies) and means-tested benefits (they depend both on contingencies and benefit unit
income).

In the first category there are Jobseeker’s Allowance (JSA), Incapacity Benefit (IB) and
Retirement Pension. Contributory JSA is not included in the model in order to avoid strong
assumptions on contribution requirements, income-based JSA40 is implemented instead. De-
tails on IB are privided in Section 3. Retirement Pension can be received starting from state
pension age (65 for men). If contribution conditions are met the pensioner receives a flat
rate basic pension. In addition, if pensioners have contributed to the State Earnings Related
Pension Scheme (SERPS) an earnings-related pension is also payable. Both components are
taxable.

In the model, I assume that everyone receives the basic state pension (sb) amount at age
65 (£3,640). Additionally, I introduce heterogeneity in pension wealth with the state variable
qt. As a measure of pension wealth I use ELSA generated variables on pension wealth for
both State pension and occupational/private pensions. These measures are computed as
the present discounted value of imputed future pension incomes assuming that individuals
receive their state pension and annuitize private pensions at age 65 (see Figure I.1 which

40Income-based Jobseeker’s Allowance is presented in more details among means-tested benefits.
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shows that a large fraction of individuals start to receive the (state and/or private) pension at
age 65).

In the model, individuals that work are assumed to contribute 6% of their earnings to the
pension pot (this is the average contribution rate to Defined Contribution pension funds). At
age 65, the pension wealth is annuitized using as annuitization rate the average annuitization
rate at age 65 implied by the procedure used to generate the ELSA wealth variables, that
results to be 5.4%. More specifically, I use equation I.1 taken from Crawford (2012) and set
the real discount rate (δ) and the real indexation of pension income (i) in retirement at 2.9%
(the real interest rate in the model); I additionally set the number of years needed to draw
the pension at current age minus SPA (r) and I take the life expectancy (LE) from the life
tables. This allows me to invert the formula and derive the pension amount at SPA (P ) from
the generated wealth variable (Wealth).

Wealth =
r+LE∑
s=r

(
1

1 + δ

)s

(1 + i)s−rP (I.1)

The implied pension amounts results too high with respect to what observed in the data.
Therefore, the pension wealth amount is proportionally adjusted in such a way that the
simulated distribution of pension income matches the data one (see Table I.1). In particular,
I reduce the pension wealth by about 20%.

Table I.1: Distribution of pension income (public and private) between age 66 and 70 in the
data and at age 65 in the simulations.

mean 10th pct 25th pct 50th pct 75th pct 90th pct
data 10,644 2,460 4,904 8,180 13,309 20,913
simulations 10,264 3,409 4,721 8,215 14,519 20,485

In the second category - non-contributory and non-means-tested benefits - those relevant
for this analysis are Attendance Allowance (AA) and Disability Leaving Allowance (DLA).
These two benefits target disable individuals. Assistance Allowance can be claimed after
age 65 by individuals that due to illness or disability need care during the day and/or the
night. Individuals younger than 65 with personal care or mobility needs due to disability
can claim DLA. For both AA and DLA different rates apply depending on the care needed.
They are not taxable. In the model I include DLA and AA as flat-rate benefits received when
health follows below a calibrated threshold. The threshold changes with age and is set to
reproduce the fraction receiving the benefit. The amount of the benefit is set at £3,000 (using
2004 average amounts from the Department of Work and Pension tabulation tool.).

Finally, the third category includes income-based JSA , Income Support (IS), Pension
Credit (PC) and Working Tax Credit (WTC).
For JSA and IS the unit of entitlement is the benefit unit, the claimants are unemployed and
those not required to seek work (disable and pensioners) respectively. In addition of being
exempt from looking for work, IS claimants need to be under 60. Additional rules that apply
to both benefits are working less than 16 hours per week and having less than £8,000 in cap-
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Figure I.1: Fraction receiving any type of pension by age. ELSA data waves 1-6.

ital. The benefit tops up income to the ’weekly applicable needs’ (IS/JSA=max(0,(NEEDS-
INCOME))). The applicable amount is the sum of personal allowances, premiums and hous-
ing cost. In the implementation of the benefit I do not consider housing costs. Relevant
allowances and premiums amounts are reported in Table I.2. The disability premium can
be received by those entitled to a disability benefit, such as AA, DLA or IB. The income
measure used to determine the entitlement to IS and JSA includes gross income from em-
ployment and all other income sources except investment income, AA and DLA. To these
amount contributions and income tax are deducted. For individuals entitled to disability
premium an amount of £10 is disregarded, £5 are instead disregarded for all the others.
Investment income does not enter directly in the income measure but a tariff income of £1
every £250 capital is calculated on financial capital between £3,000 and £8,000.

Since September 2003 a means-tested income support scheme very similar to the one
presented above was available to people aged 60 and older (Minimum Income Guarantee),
but starting from October 2003 it has been replaced with Pension Credit. The introduction
of the programme aimed at increasing the take-up of income support among the pensioners.
In the tax function implemented in the model I consider the post-reform scenario. Thus I
present below the main characteristics of PC. The PC consists of two elements: the Guar-
antee Credit (GC) meant to top up income to an ’appropriate minimum guarantee’ and the
Savings Credit (SC) meant to reward those who save for retirement. To be eligible to GC,
individuals must be aged 60 or older and there are no capital limits. The tested income is
the same as for IS with the exception that the tariff income is of £1 every £500 instead of
every £250 and it is computed for capital above £6,000. The applicable needs are computed
according to the basic allowance and the premium reported in Table I.2 (as for IS housing
costs are not considered). Eligibility to SC requires being 65 or older and having means
above the savings threshold, a reduced 40% taper rate applied to means above the threshold.
The maximum amount receivable is reported in Table I.2. The income taken into account is
the same as for GC except WTC that are deducted.

Finally, WTC are paid to low paid workers to top up their earnings. The means tested
benefit is paid to working adults working at least 30 hours per week or working at least
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Table I.2: Income Support, income-based Jobseeker’s Allowance, Pension Credit: allow-
ances and premia.

Single Couple
IS - JSA
Personal Allowance 54.65 85.75
Disability premium 23.30 33.25
Severe Disability premium 42.90 42.90
GC
Personal Allowance 102.10 155.80
Severe Disability premium 42.90 42.90
SC
Saving Credit threshold 77.35 123.80
Maximum amount 14.79 19.20

16 hours per week and having a disability. The maximum amount of the benefit is given
by the sum of a basic element and other additional elements (see Table I.3). I consider
eligible for the disability element individuals whose health level is below the threshold for
receiving DLA. The means are defined as earned income plus work related benefits before
the deduction of taxes and social security contributions. If the means are below the threshold
figure, the benefit is given by the maximum amount. If the relevant income is higher than
the threshold, then the difference between the two amounts is tapered away at a 37% rate.
The WTC is not taxable.

Table I.3: Working tax credit

Basic element 30.17
Disability element 40.32
Severe Disability element 17.08
Income threshold 5060

The income tax schedule is based on three bands.

Table I.4: Income tax schedule

Band Rate on Rate on
earned income investment income

0-1960 0.1 0.2
1961-30500 0.22 0.2
30501- 0.4 0.4

The tax base includes earnings, state and private pensions, incapacity benefit and in-
terest income (ra) net of personal tax-free allowances and other exemptions. The main tax
allowances are listed in Table I.5.

For those aged less than SPA, National Insurance payments are levied on earnings between
a lower limit ( £4,628) and the upper earnings limit (UEL £30,940) at a rate of 11%.
Those having gross earning below the lower limit do not pay social insurance contributions,
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whereas those with earnings above UEL are subject to a rate of 1%. These rules apply to
those who are contracted in.

Table I.5: Personal tax allowances and credits

Allowance/credit Amount per year ( £)
Single personal allowance: all individuals £4,615
Age allowance: Age 65-74 £6,610 reduced to £4,615 (50% of in-

come over £18,300)
Age allowance: Age 75+ £6,720 reduced to £4,615 (50% of in-

come over £18,300)
Married Couples age allowance: Age 65-
74

£5,565 reduced to £0 (50% of income
over £18,300, less any reduction to per-
sonal age allowance)

Married Couples age allowance: Age 75+ £5,635 reduced to £0 (50% of income
over £18,300, less any reduction to per-
sonal age allowance)
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