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ABSTRACT

The UK state pension (which depends only on age) includes an option to defer take up which
yields either a subsequent lump sum or higher weekly pension. We analyse the joint decisions on
pension deferral and intertemporal labour supply/participation in a lifecycle setting. We show
that deferral is purely a financial decision, but the impact of deferral on work decisions depends
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on preferences, wage rates, non-labour income and initial wealth. To exactly characterize this, we
use a quasilinear utility function and provide calibrated simulations. We also discuss the choice

between a lump sum or increased weekly pension.

I. Introduction

Ageing populations and longevity raise issues regard-
ing labour force participation rates, savings and pen-
sions especially amongst the elderly. These are also
important issues for government fiscal balance since
tax receipts, state pensions and work conditional ben-
efits obviously vary with labour and capital incomes.

The aim of the state pension system in the UK
is to alleviate poverty in old age, Beveridge (1942),
and in this sense it is a long-term government
commitment. Governments respond by encoura-
ging later retirement and/or raising the age of
eligibility for receipt of a state pension. All eligible
state pensioners are able to defer their pension for
a period of time (in exchange for an increased
weekly pension when they do subsequently decide
to claim); deferral does not have to be linked with
their labour market status although often is
(Coleman et al. 2008).

The possibility of state pension deferral has impli-
cations for the planned savings and work pattern of
individuals through changing their lifetime pattern
of non-labour income. What implications will defer-
ral have for their work and savings patterns? Can
deferral induce individuals to stay on longer in paid
work? In this article, we formally analyse the joint
deferral and intertemporal labour participation deci-
sions in a lifecycle setting.

The economic implications of ageing and increasing
longevity have led to a flurry of research concerned
with labour supply at or around retirement age (see
inter alia Meghir and Whitehouse 1997; Banks and
Smith 2006; Bloom, Canning, and Moore 2014).
Disney and Smith (2002) formally analyse the effect
of the abolition of the Earnings Rule (which effectively
placed a very high marginal tax rate on individuals who
wanted to claim their pension and continue working),
and as a side issue also consider pension deferral. Their
findings suggest that after abolition male weekly hours
[above State Pension Age (SPA)] rose by approxi-
mately 4 h, whilst for women it rose by 2 h; however,
Disney and Smith (2002) do not explicitly consider the
effects of pension deferral on labour supply. Farrar,
Moizer, and Hyde (2012) compare the two deferral
options available under current state pension legisla-
tion and conclude under most simulations that the
incremental option (additional weekly state pension)
generally tended to more lucrative.

With perfect capital markets, we find the deferral
decision is independent of preferences, wage rates or
initial wealth. It is a purely financial decision: choose to
defer if it raises the present value of non-labour
income. However, the effect of deferral on intertem-
poral labour supply does depend on preferences, wage
rates and initial wealth. In a general model, we sketch
the qualitative effects, but to get analytical and empiri-
cally applicable results, we then specify preferences.

CONTACT Peter Simmons @ peter.simmons@york.ac.uk
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After deriving analytical expressions for the effects on
reservation wages for different intertemporal labour
participation patterns, we calibrate these to compute
the size of the impacts. The present deferral scheme
gives about a 2% increase in the reservation wage for
full-time work for 12 months of deferral. If an indivi-
dual does defer, under the present system he can take
the later rewards as either a lump sum or as an increase
in the weekly payment. We analyse the choice between
these, examining the effects of life expectancy/length of
deferral and of interest rates.

In Section II, we lay out a general framework
which encompasses the effects of pension deferral
on optimal labour supply through the role of the
present value of non-labour income. In Section III,
we show the effects of regime switches on the opti-
mal labour supply, using a form of preferences used
widely in the literature. Section IV compares the two
deferral options available under current UK state
pension legislation. Section V concludes.

Il. The model

With perfect capital markets and in a world of cer-
tainty, financial wealth can be transferred intertem-
porally by the consumer. So one would expect that
the benefits of deferring a state pension will depend
only on a comparison between the implicit interest
rate used in the government set terms of deferral and
the market interest rate. This is because individuals
will only defer if it raises their disposable wealth at
the date of deferral, through raising the present value
of current and future non-labour income in the form
of pension receipts. For individuals who defer, we
would expect optimal adjustment in consumption, c,
and leisure, L, as they intertemporally smooth the
marginal utility of consumption. There will be
wealth effects on present and future labour partici-
pation and consumption. Disney and Smith (2002)
point out that there may be labour participation
effects of changes in the pension rules, or more
specifically, in the implicit wage income an indivi-
dual can earn in the absence of an earnings rule.
Without perfect and complete capital markets, it is

more complex. For example, with uncertainty about
other future income sources and especially about the
remaining length of life, the decision to defer or not
is much less clear.

Similarly, individuals who face borrowing con-
straints are less likely to defer when they have the
opportunity. However, a recent paper by Crawford
and O’Dea (2014) suggests credit constraints are unli-
kely to be in operation for many older English house-
holds. Their paper using survey data from the English
Longitudinal Study of Ageing (ELSA) linked to admin-
istrative data shows that on reaching retirement 92% of
their sample of older English households had a level of
total wealth in excess of what is optimal." Even if one
were to exclude housing wealth from observed wealth
holdings, three-quarters of the sample had levels of
wealth in excess of what is optimal. Indeed, many
studies have demonstrated the significant wealth hold-
ings of older households in developed economies and
suggest credit constraints are unlikely to be binding for
such households (see inter alia: Curme and Even 1995;
Wolff 1998; Scholz, Seshadri, and Khitatrakun 2004;
Crook 2006; Le Blanc et al. 2014).

To see how a decision to defer state pension
impacts on current and future labour supply as
individual leisure preferences and wage rates vary
needs a formal framework. We present this next.
Our interest is on individuals at the end of their
life, so we take a two-period model t =T — 1,T.
There is a single financial asset A in which borrow-
ing or saving is allowed and whose one period real
interest factor is r. The individual starts with a stock
Ar_; of the financial asset at the beginning of period
T - 1. Each period the individual receives non-
labour income yr_;,yr part of which is pension
receipts in the period. The pension receipts in each
period depend on the deferral decision. Individuals
also have a fixed time endowment each period of
one unit of time which can be used either for leisure
or work. To focus on labour participation, we
assume that the only work options available are
either L =0 (full-time work) or L=1 (zero
work).”> With these assumptions, wealth at the start
of T — 1, xr_y, is

"Where optimal is defined as maintaining a household's preretirement standard of living through retirement.

The fact we have considered corner solutions means there is the possibility for individuals to move from retirement back into paid work, so-called
unretirement (Maestas, 2010). We assume this is cost free; however, it could be argued this assumption is untenable. Individuals may have to retrain, and
having been out of the labour, this is more costly due to depreciation in the individual’s stock of human capital. Introducing a switching cost would imply
an individual’s reservation wage increases ceterus paribus in order to account for the higher re-entry cost. However, it would not fundamentally change the

main result of the article.
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T
xr—1 =Ar_1 +yr1 +y7+ wr—1(1 —Lr—q) +

WT(l — LT)
r

-
=Yr_1 +wr_1(1 —Lrq) +
(1)

where Y7 1= A7+ yr —l—yTT. Individuals maxi-
mize a time-additive concave utility function which
depends on a single consumption good, ¢, and lei-
sure, L subject to their remaining lifetime budget
constraint:

max  u(cr—1 Lr—1) + du(cr, Lr) (2)

cr—1,er,Lr—1,Lr

c
ster—1 + 7T = XT-1 (3)

0<L; <1

where § is the rate of time preference.

To highlight how deferral affects lifetime utility,
we solve the full lifecycle problem in two steps: first,
for a given deferral choice and given lifetime leisure
choices, we solve out the optimal lifetime consump-
tion pattern. This gives us a semi-indirect utility
function in which maximal lifetime utility after
adjusting the consumption pattern depends only on
the leisure choices and on initial wealth x7_; at time
T-1.

Following this process, we substitute out the life-
time budget constraint reducing the optimal con-
sumption problem (for an interior solution) at
fixed values of leisure and x7_;to

IPTillxu(cT_l, Lr_1) + Su(r(xr—y — cr—1),L7)

If we assume that consumption each period is
interior, the first-order condition, Equation (3),
shows that the marginal utility of consumption at
each time period must be intertemporally balanced”:

Oury _ 50ur
8cT_1 - aCT

(and given concavity in ¢ this condition is also
sufficient).

(4)

WT(l — LT)

APPLIED ECONOMICS (&) 3

Lifetime wealth x7_; depends on the deferral
decision s = d,nd since this partly determines income
in each period via the pension. For fixed values of
Lr—y, Ly and x}._,, this gives a semi-indirect utility,
v(.), defined as

v(Lr—1,Lr,x7—1) = maxcr_1[u(cr—1, Lr—1)
+ Su(r(xy_ —cr-1),Lr)]

which is increasing in all its arguments and also
concave in the leisures of each period (e.g. see
Stokey, Lucas, and Prescott 1989). The remaining
problems for the individual are to choose optimal
labour supply in each period and, via deferral
(Y*), x5t
max Vv(Ly_j,Lr,x7_1)st 0 <L; <1
Ly,Lr—1 %0

Our main focus is on the interaction between
labour participation decisions, saving and pension
deferral, so we focus on just full-time and zero
work options for each time period.* In the second
step, we jointly determine the best deferral and lei-
sure choice decisions; these decisions are discrete
which implies comparing semi-indirect utility func-
tion values for different combinations of discrete
choices.

Should an individual defer their pension from
T — 1 to T? For any concave increasing function v
and for any values of Ly_;, Ly, v is maximized wrt
xr—1 by choosing the highest value of x7_;. This is
the best choice for any preferences and any labour
participation decisions that the individual chooses.
Since capital markets are perfect, he can rearrange
xr—1 through time in any way he wishes. So if
wage rates and preferences make it best to work
only today, he can save, or if only tomorrow, can
borrow as he wishes. Recalling that xy_; = 1, the
individual will choose the deferral option which
has the higher present value of pension payments
which are embedded in Y. The state pension now
available at T —1 is p per period. Thus, if the
individual has non-state pension, non-labour
income (such as occupational pension income

3Assuming that the marginal utility of consumption in any period becomes arbitrarily high as consumption in that period becomes very small ensures an

interior solution.

“If we included interior solutions for labour participation, there would be nine configurations. The way of getting the ‘reservation wages’ above would be

similar; for example, suppose 0 < Ly_; < 1 and Ly = 0. Let L}_, solve

dv(L%_,,0,x)
dLr_,
See Appendix 2 for full details.

= 0 and then require

dv(L;_,,0,x)

<0
dLr
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and investment income) of y_,; y, then without
deferral they receive yr_; = y5_, +p; yr = y3 +p.
With deferral, they receive yr_; = y§_; yr =5 +
rgp where r, is the implicit interest rate factor set
by the government in the terms of deferral.
Deferral will be chosen iff it raises lifetime non-
labour income Y = yr_; + (yr/r). Without defer-
ral, Y =3%  +p+[()+p)/r] while with
deferral Y4 =35 | + [(4} 4+ rep +p)/r]. Equating
these two expressions implies that the individual
is better off deferring iff r, > r. The implicit inter-
est rate factor r, is common to all individuals, so
variation amongst individuals in the decision to
defer must be due to variation in the market
interest rate available to individuals, and more
generally to variation in borrowing constraints or
other capital market imperfections, or to omitted
issues like uncertainty over the length of life or
spousal labour force status.

Once deferral has been decided, the remaining
choices are labour participation. There are four pos-
sible configurations of labour participation over the
final two periods of life: full-time work in both
periods, zero work in both periods or full-time
work in one period and zero work in the other.

Define the lifecycle full incomes at the start of T —
1 corresponding to each lifetime pattern of labour
participation (the subscripts refer to the amount of
leisure in each period, so, for example, 01 corre-
sponds to full-time work at T — 1 but zero work at
T) for a given pension deferral decision s = d, nd
yielding Y*

X, =Ara+YV =2

Xf)O = AT71 + Y* +rwr_1 +wr = z° +rwr_1 + wr
Xy =Ara + Y +rwr =2+ rwr,
XSIO:AT,1 +YS+WT:ZS+WT

We  have a ranking of the full
incomes Xj, > X5, > X3, X5, > Xj, > Xi;-

The possible payoffs corresponding to these
labour  participation  patterns  are  then
v(1,1,X3,),v(0,1,X5,), v(1,0,X;,) and v(0,0,X5,).
Note that if v(1,1,X3,) > v(0,1,X5,), v(1,0,Xj,),
then v(1,1,X3,) > v(0,0,X;,) from the monotoni-
city of v() in all its arguments.

Given the deferral choice, the only differences in the
full incomes between participation patterns are in the

value of the time endowment which arises in periods
of work and depends on the wages of those periods. A
suitable idea of the time profile of reservation wages
between any two alternative profiles of labour partici-
pation, for a given deferral decision, is a pair wr_;, wr
giving indifference between the two patterns of labour
participation. So with Z° = Ar_; + Y*, and similarly
for wages w*where s = d, ndwe can define

Vi =v(1,1,2) = v(1,0,Z° + wi''?) = Vi,

Ve, =v(0,1,Z° + wi?}'%) = v(1,0,Z° + wi™h')
= Vi

Vi = v(1,1,Z°) = v(0,0,Z° + rwi%' + wi0)
= Vo

Vi =v(1,1,Z) = v(1,0,2° + wi'"") = V5,
= v(0,0,Z° + rwr_y +wip') < v(1,0,Z° + wi, )

In general, finite positive wages ensuring these
indifferences exist if one assumes the Inada con-
ditions hold for 9Y; however, for certain forms of
the utility function (such as quasilinear), this is
not true as we show in the next section.
Nonetheless, the general pattern of how lifecycle
labour participation is determined is clear. For
the pattern ij to be optimal (i.e. participation
state i in period T —1 and j in T), we require
that V. >V} for each other possible participation
profile kl. How the optimal participation profile
varies with Z and current wages depends on the
form of the utility. There are some basic results
just from monotonicity of v() in its arguments.
Thus if Vi, = V3, then V{, < Vj,. In general, for
a given Z and utility function, there will be a
region of high wages in both periods where it is
optimal to work full time in both periods (corre-
sponding to V3, > Vi, V5,, Vi,). Similarly, there
will be a region of low wages in both periods
where it is not optimal to work in either period
(corresponding to Vi, > Vi, V5., V5,). And
finally, there will be two regions: one with high
wages in T — 1 but low wages in T (correspond-
ing to V5, > Vi, V5o, Vi), where it is optimal to
work full time in T — 1 but not work at all at T,
and conversely, a region of high wages at T but
low wages at T — 1 where it is optimal to stay out
of the labour market at T — 1 but work full time
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at T (corresponding to Vi, > V5, V5, Vi,). With
given preferences, Z and wage rates of each per-
iod, the optimal profile of labour participation for
a given deferral choice over the two periods is
determined.

How does an improvement in the deferral
option affect the optimal participation profile?
Deferral is only taken up if it raises the present
value of non-labour income including the pension
stream. This change in wealth changes the demand
for leisure in each period. If leisure is a normal
good, an increase in wealth increases the demand
for leisure in each period. So we would generally
expect a drop in work hours in each period when
an individual prefers to defer. If an individual was
planning full-time work in each period in the
absence of deferral but chooses to defer, then if
their wage rates were close to the reservation wage
in one of the periods (as computed above), with
deferral his optimal profile may switch into zero
work in that period. Disney and Smith (2002)
consider the effects of relaxation of the earnings
rule on labour supply participation of older work-
ers in the UK. Their empirical results indicate that
increasing generosity of work incentives, such as
reducing the marginal tax rate on earnings for
older workers increases the number of hours
worked.” This suggests strong income effects are
at work, whereas in our model deferral has a
direct wealth effect and under standard assump-
tions would act to increase the amount of leisure
consumed.

To see the impact of pension deferral on lifecycle
labour force participation, we need to know more
about the wage regions corresponding to different
labour participation patterns and how these vary
with Z. To determine this, we have to resort to a
specification of preferences which allows us to expli-
citly compute the labour participation areas and the
ways in which they vary with Z. From this, we can
predict which parts of the intertemporal wage rate
distribution will lead to a switch to zero hours of
work in either or both of periods T — 1, T on intro-
duction of the pension deferral option. We can then
also see how deferral will impact on consumption
and savings in different parts of the wage rate
distribution.

APPLIED ECONOMICS (&) 5

lll. Quasilinear utility

In this section, we take a commonly used specifica-
tion for the utility function (Gustman and
Steinmeier (2002), Blau (2012)), in which consump-
tion, ¢, is isoelastic and labour, L, is quasilinear.
First, we derive optimal saving and labour supply
regimes. We find the channels through which pen-
sion deferral affects optimal labour supply. In this
specification, remaining lifetime preferences are
given by

u(er—y Lr—1) + Su(cr, LT)
[ CDC
=T f by Ly + 5(5 + hTLT> (5)

o

In Appendix 1, we derive the savings function
AT as

_xra — (00 Y yr 4 wr(1 - Ly)

At
1+ r(or)"/ )

where now
xr-1= Ar_1 +yr—1 + wr—1(1 — Lr—y).
The resulting value function is

v(K*, wr—1Lr—_1, L1, wr)

K wra (1= L)) 2
[0

+ hr_1Lr_1 + 5hTLT

where for a given deferral decision s = nd,d, K° is
the sum of the cumulated value of initial wealth and
lifetime non-labour income valued at T:

K =r(Ar—1 +yr-1) +yr

D = ((6r)* Y 1 6)

K® varies with the deferral decision through varying
lifetime non-labour income but is otherwise
exogenous.

The semi-indirect utility function, v, is isoelastic
in disposable wealth at T — 1 and linear in present
and future leisures. Quasilinearity in leisure given
the wealth effect of pension deferral means that the
income effects fall solely on participation. In
Appendix 2, we derive the full set of leisure demands
for these preferences with continuously variable
hours of work. However, as stated above, our main

*This may not hold true for all workers depending on whether their income is above or below the earnings rule threshold.
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interest is on the links between pension deferral and
labour force participation since in the context of
extending working lives this is where the main policy
interest lies. Since we restrict attention to leisure
choices which are discrete (0, 1), then the best lei-
sure/pension deferral combinations are given by the
maximal semi-indirect utility level over the discrete
combinations of leisure and deferral.

Conditional on deferral and hence K°, the max-
imal utilities obtained from the lifecycle labour force
regime (defined by the subscript notation) are
defined as

(K + rwr—y + wr)®
(04

(K +rwr_1)*
o

D

V(S)o(K> wr—1, WT) =

V(S)l (K, WT—]) = D+ 6]/11"

(KS + WT)(X
[44

Vio(K,wr) = D+ hr_y

(K*)*

Vi (K) = “~2-D+ hy_, + hy

This allows us to define six combinations of wages
wi |, w5 s = nd,d and i = 1..6 which give indiffer-
ence between pairs of maximal utility levels
(1) Voo (K*, Wil wi') = Vg (K, il )

S s 2 2 s 3 2
(2) Voo (K, wiy, wi™) = Vi, (K%, wy)
3 3
(3) V5o (K*, iy, wi) = V7, (K°) ©)
(4)
(5)

Vo (K, WSI’"4—1) = Vio(K° 34)
V51(Ksawsfi1) = V1, (K)

(6) Vip(K, sté) = Vi, (K)

s Wr

Using the detailed expressions for the various
value functions, Appendix 3 derives the critical
wage combinations and shows that generally they
are related as in Figure 1.° Each of the lines labelled
in Figure 1 corresponds to the reservation wages

S,i S0 e . . . .
wyj_,,w; giving indifference between pairs of max-
imal utility levels.

W
T-1

Figure 1. Reservation wages which give indifference between
pairs of maximal utility levels.

Using monotonicity of the value function expres-
sions in terms of the wage rates, we can deduce
regions of the wage space in which different inter-
temporal labour participation patterns are optimal as
shown in Figure 2. The boundaries between the
regions in Figure 2 correspond to the relevant parts
of the lines in Figure 1: 1,2 giving lower bounds on
full-time work, 5, 6 giving upper bounds on the zero
work region and 4 giving the division between work-
ing either just in T — 1 or in T. Both Figures 1 and 2
are conditional on K* and therefore depend on the
deferral choice.

The effect of pension deferral on labour force
participation

To examine the impact of pension deferral which raises
the present value of non-labour income on lifecycle
labour participation, we show how Figure 2 changes
with K®. Figures 3 and 4 show that the effect on the
optimal labour participation profile of an increase in K
depends on whether the utility value of leisure is higher

%In some cases, there may be no positive wage pairs wr_1, wryielding indifference. In case (4), equating the expressions for vo; = vygyields the following

equation:

(K + T’WTfl)a = (K + WT)a + % (hTfl - (ShT)

If hr_y — 8hr > 0, this needs rwr_; > wr > 0: no intercept.

If hy_y — 6hr < 0,then rwr_; < wr. In fact if (K +wr)® + &(hr_1 — 6hr) < 0, there is no wr_y > 0 giving indifference (because the LHS must be
> 0). But if (K + wr)® + & (hr_1 — 8hr) > 0, then we must have wy>[— & (hr_y — hr)]"/® — K. If [~ & (hr_1 — 8hr)]'/* — K > 0, this gives a positive
lower bound on (K -+ rwr_;)® of (setting wr = 0), K%+ & (hr_; — 6hr) which can benegative or positive. If [— 2 (hr_; — 8hr)]Ve — K < 0, the

lower bound on wyr is zero and then there is an intercept.
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0,0 optimal

0,1 optimal

1,1 optimal

1,0 optimal

Figure 2. Optimal lifecycle participation profiles.

(Not working"°, ,, Not working"®,)

T-1

’,’ (Working®,, Working®,)
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in T — 1 or T. In both cases, the wage region with zero
work in both periods expands and that with full-time
work in both periods contracts. But if the value of
leisure is higher in period T than T — 1, the wage
region with full-time work only at T'— 1 expands at
the expense of the wage region with full-time work
only in T (as in Figure 3). Conversely, if the value of
leisure is higher in T — 1 than T, the wage region with
full-time work at T expands at the expense of the wage
region with full-time work only in T—1 (as in
Figure 4).

If the option to defer is suddenly introduced or
taken up, or is made more generous, the present
value of non-labour income increases. We can

Legend

Regions defining
labour supply without
deferral: ——
Regions defining
labour supply with
deferral: -

Figure 3. Increase in non-labour income hy_; < hr.

,,,,, g ;

(Not working®,.;, N

(Not working"®, ,, Not working"?,)

—]

it working®,)

( orkingﬁ";_;,yVorkin o)

T1

Legend

workne2,,, working®) - Regions defining
labour supply without
deferral: ——
Regions defining
labour supply with
deferral: -

Figure 4. Increase in non-labour income hr_; > hr.

T1
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deduce the likely effects on lifecycle participation
profiles. If leisure is more valuable in period T —
1, the increase in K will tend to reduce full-time
work in T — 1. A proportion of those individuals
who were working full time in both periods may
switch to only working in period T and some of
those who previously only worked in T —1 may
switch to only working in T. But some who pre-
viously only worked in T may switch into inactivity
in both periods. Thus with leisure more valuable in
T — 1, the increase in the value of the deferred
pension unambiguously reduces the number of full-
time workers in T — 1, but may raise or lower it in
period T. If the value of leisure is higher in period T,
the opposite effects occur: the number of full-time
workers in T unambiguously falls while the number
of full-time workers in T —1 may fall or rise
depending on the distribution of the lifecycle wages
wr—_1, w; in the population.

The wealth change caused by deferral has partici-
pation effects on individuals close to the reservation
wage in one period at least. However, labour force
participation is unaffected by the presence of pen-
sion deferral for those who earn sufficiently above
the relevant critical wage defining full-time work. In
the next subsection, we simulate the effect of pension
deferral implied by our framework.

Stylized simulation: defer or not defer?

Having considered the theoretical effects of pension
deferral within our framework, we demonstrate
these effects using a numerical simulation. In order
to calibrate our model, we use a mixture of assumed
parameters available in the literature and those
inferred from secondary data.

Following the work of Attanasio, Low, and
Sanchez-Marcos (2008), we set the relative risk
parameter « to — 0.5. Using wave 4 (2012-2013)
of the United Kingdom Household Longitudinal
Survey, we estimate median per capita (non-hous-
ing) wealth of 1500. Using the 2013-2014 UK
Family Resources Survey (UKFRS), we estimate
median weekly investment income (among indivi-
duals aged 65 and over) to be zero. The UKFRS
also contains information on weekly private/occu-
pational pension income; the median figure among

W

Figure 5. Wage coordinates defining zero and full-time work.

all individuals aged 65 and over is £32. Finally, we
assume weekly state pension income to be 125.”
We also assume individuals work 40 h per week,
can earn an annual rate of return of 3% in the free
market and have a time preference discount rate of
0.95. If an individual defers their state pension,
they can earn an annual rate of return of 10.4
(equivalent to a weekly rate of 0.2%); this is
equal to the rate of return available to individuals
under current government legislation. We set the
marginal value of leisure h in the penultimate
period and terminal period at 0.006 and, 0.00630
respectively (an increase of 5% between periods).®
In doing so, we replicate the effects of Figure 3
more clearly, i.e. assuming hr_;<dhr as shown in
Figure 5.

We provide a sketch of how the simulations are
performed. First, we determine the wages defining
indifference between the various labour supply
regimes in (1) —(6) above. Next, using the
assumed/inferred parameters, we implicitly plot
these indifferences, as shown in Figure 5. Our
focus is on zero and full-time work; therefore, we
compute the wage coordinates which correspond to
these regimes being optimal. We carry out this exer-
cise assuming no deferral and then repeat it

“State pension income could also include benefits such as pension credit and other supplementary state benefit income sources.
8This value generates an optimal labour income/asset ratio of about 30%, a reservation wage for zero work at a level similar to the UK Minimum Wage/ UK
Living Wage and a critical wage for switching from part time to full time of about one and a half times the National Minimum Wage.
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assuming an individual does defer their state pen-
sion. We assume individuals defer their pension for
one period and earn 10.4% rate of return on the
missed state pension payment as per current UK
legislation. In this way, we are able to plot the
areas of different types of labour participation, with
and without deferral, and hence show the effects of
state pension deferral on labour supply.

By deferring one period, the reservation wages
required to be in a given labour supply regime
increase in each period. In the case of zero work,
this is shown by the curves shifting from point A to
point B, whereas for full-time work the correspond-
ing loci shift from point C to point D. Under the no
deferral option, the wage rate required to be in zero
work at T — 1, T is (£6.69,£6.87) respectively, whilst
under deferral it rises to (£6.81, £6.99). Similarly for
full-time work at (T —1,T), the corresponding
wage rates are (£9.07,8.82), whilst under deferral
these increase to (£9.25,9.01). The effect of pension
deferral therefore raises the full-time reservation
wage by around 2% assuming the above para-
meters. How sensitive are our results to changes
in the assumed parameters? It turns out that the
two parameters which change the critical wage
combinations most significantly from the bench-
mark example above are «, the coefficient of rela-
tive risk aversion and h the marginal value of
leisure in each period. Other parameters such as
Ar_1,y1-1,y: raise and lower the wage combina-
tions in a predictable way, for example, an increase
A,_1will raise reservation wages for all labour sup-
ply combinations. That is to say, these parameters
do not affect the shape of the wage curves as
defined in Appendix 3.

To demonstrate the sensitivity of our results, Table 1
shows the wage coordinates defining zero work in each
period (£w} |, £w}') and the wage rate defining full-
time work (£w(%°_1, £w‘%0) when aand h are (separately)
altered from baseline (cases 1 and 4 in Table 1, refer to
Figure 5). For each case, note there are two rows; the top
row refers to the situation where the individual does not
defer their state pension and the second row refers to the
situation when they do defer their state pension. The
column PV(£Y*) denotes the present value of total

APPLIED ECONOMICS (&) 9

Table 1. Changes in aand h on wage coordinates defining zero
and full-time work relative to Figure 5.

Case Defer? a PV(£Y*)  fwll fwl £wD Lwd
1 No -0.5 309.4 6.69,6.87 9.07,8.82
1 Yes -0.5 330.05 6.81,6.99 9.25,9.01
2 No -0.45 309.4 4.43,4.54 5.34,5.20
2 Yes -0.45 330.05 4.50,4.62 5.44,5.30
3 No -0.55 309.4 10.32,10.59 18.40,17.90
3 Yes -0.55 330.05 10.51,10.80 18.88,18.37
hr_y, hr
4 No  0.006,0.0063 309.4 6.69,6.87 9.07,8.82
4 Yes  0.006,0.0063 330.05 6.81,6.99 9.25,9.01
5 No  0.008,0.0084 3094 9.26,9.50  14.65,14.26
5 Yes  0.008,0.0084 330.05 9.42,9.68 14.99,14.58
6 No  0.004,0.0042 309.4 4.31,4.42 5.20,5.06
6 Yes  0.004,0.0042 330.05 4.38,4.50 5.30,5.16

Tilting the marginal value of leisure in T — 1and T (assuming a = 0.5)

hr
hr

7 No 0.95 0.006,0.0063  6.69,6.87 9.07,8.82
7 Yes 0.95 0.006,0.0063  6.81,6.99 9.25,9.01
8 No 1 0.006,0.006  6.69,6.51 8.56,8.70
8 Yes 1 0.006,0.006  6.81,6.62 8.73,8.88
9 No 1.05 0.0063,0.006 6.69,6.15 8.06,8.58
9 Yes 1.05 0.0063,0.006 6.81,6.26 8.21,8.75

Notes: In cases 1-6, we assume rysfree = 1.03,/gefer = 1.104,6 = 0.95,
Ar_y = 1500, hr_; = 0.006, h; = 0.0063 and individual works 40 h per
week. Y is defined as the sum of non-pension investment income,
private/occupational pension income and state pension income.
wycorresponds to the wage in period x where xe(T — 1,T) and y corre-
sponds to the labour supply regime where
ye(nowork(11), alwayswork(00)).

pension non-labour income (the sum of state and pri-
vate pension); when an individual does not defer (the
top row of each case), then Y* is equal to £157in T - 1
and T (total: £314). If instead he/she chooses to defer,
then Y* is equal to £32 in T - 1 and £307 in T (total:
£339).” The present value of the two amounts (no defer
and defer) is equal to £309.4 and £330.05, respectively;
therefore, in every case, the individual is better off
deferring.

Cases 1-3 of Tablel show how small changes in the
coefficient of relative of risk aversion, a, can signifi-
cantly change the wage coordinates defining the reser-
vation wages for zero and full-time work. Case 2 in
Table 1 indicates individuals who are less risk averse
(o = —0.45) have a lower reservation wage relative to
the benchmark (« = —0.5). On the other hand, indi-
viduals who are more risk averse (« = —0.55) have a
significantly higher reservation wage.

Now consider the effect of changing the marginal
value of leisure; case 4 (hy_; = 0.006, hr = 0.0063)
is the benchmark case (demonstrated graphically in
Figure 5). Increasing an individual’s marginal value
of leisure in each  period (case 5

9These numbers are derived as follows: no deferral case Y*=weekly state pension (£125) + weekly private pension (£32), which is equal to £157 in each
period (total £314). In the defer case, Y*=weekly private pension (£32) in T — 1 and then at T the individual receives their deferred state
pension*(1 + rgerer) +weekly state pension+ weekly private pension (£32) (total £X).
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(hr—; = 0.008, hy = 0.0084)) intuitively should raise
an individual’s reservation wages for both not work-
ing and working full time. Next, consider reducing
an individual’s marginal value of leisure (case 6:
(hr—; = 0.004, hy = 0.0042)); this reduces an indi-
vidual’s reservation wage from the benchmark case.
It is worth noting our benchmark example gives a
zero work reservation wage close to UK National
Minimum Wage and National Living Wage.
Implicitly in the calibration, the change in reserva-
tion wage on deferral is for deferral lasting 1 year.
Cases 7-9 analyse the effects of varying the ratio
of the marginal value of leisure in T — 1 and T. Case
7 is the benchmark case where the marginal value of
leisure is higher in T than T - 1. In case 8, there is
no change in the marginal value of leisure; consider
the column showing the reservation wages for zero
work (£wh |, £wl!), the impact (relative to case 7) is
that the period T wages for zero work are now lower
(irrespective of whether an individual defers or not).
Similarly, the change in h}’l—;l also affects the wage

coordinates defining the full-time reservation wages
(see column £w9 |, £w}); in this case, all the wage
coordinates are lower than the benchmark example.
Finally, in case 9 an individual’s marginal value of
leisure decreases between T — 1 and T; similar to case
8, this reduces the reservation wage defining zero
work in T and also the wage coordinates defining
full-time work (again, the direction of the effect is
the same irrespective of whether an individual defers
or not). A priori it is not clear how an individual’s
marginal value of leisure will evolve at or around
SPA, for example, it could be related to complemen-
tarities in leisure or exogenous shocks to one’s
health; however, what is clear is that in a quasilinear
framework as per Equation (5), this parameter has
important implications for the reservation wages
defining zero and full-time work.

It is important to note that the decision to defer
state pension is optimal irrespective of changes to
key parameters used in the simulation. Moreover, as
the period of deferral increases beyond this, the
reservation wage difference will rise. How the rela-
tive slopes of the participation regime boundaries
and their position change principally depends on
the change in the value of non-labour income by

deferring and the difference in the marginal value of
leisure in each period.

Empirical relevance of pension deferral

The stylized simulation showed that in the baseline
example (case 1) deferral can affect labour supply deci-
sions for all full-time workers who earn more than
approximately £9 per hour. We pool four waves of
data from the Labour Force Survey between the years
2008 and 2013 to determine the wage distributions
(conditional on being in work) for women aged
between 60 and 65, and men aged between 65 and
70."° We restrict our sample to these age ranges as
they cover the state retirement age and hence the period
when individuals make the deferral decision. It is
important to note that the decision to work and the
deferral decision are independent (except for the impli-
cations on income tax). Our final sample consists of 483
individuals, and Figures 6 and 7 depict their hourly
wages.

It is clear that a significant proportion (around
54% of females and more than 62% males) in our
sample earn more than £9 per hour; therefore, defer-
ral policy is an important component of the labour
supply decision for a large proportion of older work-
ers. Indeed, a Department for Work and Pensions
(DWP) report in 2008 suggested that individuals
tend to coordinate their labour supply and deferral
decision. They found 79% of deliberate deferrers
were in paid work and tended to maintain their
preretirement hours, primarily full time, after defer-

Women aged 60-65.

15
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Figure 6. Female wage distribution: ages 60-65 (2008-2013).

°We ensure there is no overlap in the surveys to ensure our sample does not contain any repeated observations. We include individuals working below full-
time hours to boost sample size, noting that the mean wages for full-time and part-time workers in this age category are roughly equal.
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Men aged 65-70.
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Figure 7. Male wage distribution: ages 65-70 (2008-2013).

ral. Family decisions were important so a partner
continuing in work made deferral more likely, as
did the desire to avoid liability for a higher income
tax rate. Under current UK legislation, there are
actually different dimensions to the deferral choice:
to opt for an enhanced weekly pension or a lump
sum payment on undeferral and conditional on
deciding to defer, for how long to do so. With a
two-period model, these differences do not matter.
But with increased longevity, deferral is increasingly
common and so these details of the deferral scheme
are important for both the government and the
individual.

IV. UK state pension and deferral
Which deferral option is best

In a multiperiod setting, the decision becomes one
of choosing both if to defer and, if so, for how
many years. In this section, we simulate the present
value of an individual’s state pension pot at the date
of undeferral, under both the incremental and lump
sum option for deferral over a varying number of
years. In our comparisons, we purely compare
deferral options based on the present net value
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under current government legislation; we do not
use the theoretical framework developed in earlier
sections of the article.

On reaching SPA, an individual can choose
whether to take up the state pension or defer it
from that date. They do not have to precommit to
a length of deferral but at any future date can ask for
their pension to start from then on.'' If an indivi-
dual chooses to defer their pension, then current
rules mean that for every five weeks an individual
defers, their weekly state pension increases by 1%;
this is equivalent to a 10.4% rate of return for each
full year of deferral. Alternatively, an individual may
also defer their state pension and receive a lump sum
payment.,'>,"> If an individual chooses to take the
latter option, the lump sum they receive is the value
of their past deferred weekly pension payments
accumulated at an interest rate of at least 2% above
the Bank of England base rate.'%, If an individual
chooses to take the latter option, the lump sum they
receive is the value of their past deferred weekly
pension payments accumulated at an interest rate
of at least 2% above the Bank of England base rate.'”
Depending on the life expectancy of the individual,
there is no clear answer as to which option is more
lucrative; however, given the increasing life expec-
tancy observed in the past 30 years, it is generally
considered (see Farrar, Moizer, and Hyde 2012) that
the incremental option offers a higher rate of return.

At the point of reinstatement of a deferred pen-
sion S, the present value of the extra weekly payment
coming from the deferral is

x(141.014+1.012 4+ ..1.01) (1 + (1 4+7) '+
..(147)"%), where 7 is the number of months for
which the pension has been deferred between SRA
and age at S, x is the original weekly pension payable
at SRA, r is a constant market interest rate and T is
the date of death. On the other hand, the lump sum
payable at S is x(1+1+p+ (1+p)* 4+ ...(1+p)")
where p is at least 2% above bank base rate.

"This not true for the lump sum option, in which case the individual must defer for at least 52 weeks.

2Extra State Pension and lump sum payment are both taxed. In addition, if you choose to defer, then this will impact means tested benefits, whereas if you
choose to receive a lump sum, this will not affect certain means tested benefits. For more information see Thurley (2010).

'3Since its inception, there have been various changes to legislation regarding how the rate of return on the deferral option is formulated, and the
introduction of the lump sum option in 2006. For a more detailed description of these changes, see Bozio, Crawford, and Tetlow (2010).

"In terms of pension deferral, one of the biggest changes of the move to a single-tier pension is that the lump sum option will be scrapped and only the
incremental option will be available to those who defer (White Paper 2013). Moreover, the incremental option will become less generous providing

deferrers with a rate of return of just under 5.8%.

"3In terms of pension deferral, one of the biggest changes of the move to a single-tier pension is that the lump sum option will be scrapped and only the
incremental option will be available to those who defer (Department for Work and Pensions 2013). At the time of writing, the actual generosity of the
incremental option is yet to be decided; however, it is believed to be in the region of half its current generosity (FT, September 2013).
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Figure 8. Varying the contribution factor.

The X-axis measures the number of weeks (multiplied by 100)
required for an individual to defer their state pension in order for
them to receive an additional £1 extra a week upon undeferral.

We plot the present value under each option in
Figures 8 and 9. In Figure 8, we vary the generosity
of the incremental option, i.e. the length of time it takes
to earn a 1% increase in an individual’'s weekly state
pension. Whilst in Figure 9, we vary the length of the
period from the date of undeferral to death. It is these
two factors which to a large extent dictate the Present
Value (PV) of the deferred pension. To show this, we
set all other parameter values as follows: initial weekly
state pension of £125, weekly interest rate on lump

0.05

sum option equal to =>*, post undeferral weekly net

rate of return equal to %% and deferral period equal to

2 years. We set the lump sum weekly interest rate equal
0.05

to 3> using the current policy rule that for the lump
option of deferral benefits will grow at 2% per annum
above the Bank of England base rate.'®

(i) Varying rate of return on incremental option

Figure 8 shows the effect of changing the rate of
return or relative generosity, assuming an individual
lives for 15 years following the date of undeferral. The
sloping curve represents the deferred income option
whilst the flat curve corresponds to the lump sum
option.

The break even of point for the PV of the pension
is at a rate of return of about 1% for every 6.25 weeks
deferred. Under existing rules, the current rate of
return is a 1% increment for every five weeks

deferred, and therefore in this example it is worth

100000
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PV SP. 54000 ]
40000—- /
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20000 —/
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Figure 9. Varying individuals life expectancy.
X-axis refers the duration (in weeks) of the deferral period.

approximately £3000 to the individual to choose the
deferred income option. However, if the individual
was credit constrained, then it could be the case they
require the lump sum to clear some debt, for example,
an outstanding mortgage. What is also clear is that
during the 1970s when the contribution rate was
approximately 1% for every 7-8 weeks deferred, and
individuals had a shorter life span (see Figure 10), the
lump sum option would have been more lucrative
had it been available. As of April 2016, the govern-
ment plans to scrap the lump sum option and reduce
the generosity of the incremental option by one-half
which implies individuals will be worse off; however,
the proposed rate of return on the incremental option
is still in excess of the free market rate.

(ii) Varying life span from undeferral date

Figure 9 shows the effect of increasing longevity
under the incremental option (green) and lump sum
option (red), assuming parameters of the current
legislation.

Intuitively, those who only live a short period
after they undefer are much better off choosing the
lump sum option. However, it is clear that the
deferred income option is more lucrative provided
an individual lives for approximately 12 years or
more after they undefer.

The Office for National Statistics (2011) published
current and projected life expectancy tables by gen-
der in the UK covering the period 1985-2035. Over
this period, it is quite clear that life expectancy has

'®Bank of England historical data between 2005 and 2009 (prior to the financial crisis) reveals the average interest rate was roughly 3%.
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Figure 10. Cohort and period life expectancy men and women. Source: ONS (2011).

increased substantially, for both cohort and period
groups. Period life expectancy refers to the life
expectancy for those individuals in a given calendar
year (ONS 2011). Hence, in 2013, females are
expected to live until 83 years of age on average. In
contrast, cohort life expectancy at birth is calculated
using age-specific mortality rates which allow for
known or projected changes in mortality throughout
a person’s life (ONS 2011). For example, a female
born in 2013 is expected to live until 94 years of age.
Supposing an individual reaches their life expectancy,
Figure 10 implies the deferred income option is more
lucrative for both current and future retirees, so long as
the relative generosity of this option is not changed.
Farrar, Moizer, and Hyde (2012) compare the two
undeferral options relative to not deferring and
investing at the market rate; in most policy simula-
tions, deferral of any kind is preferred over non-
deferral.'” Similar to Disney and Smith (2002) and
our own model, Farrar, Moizer, and Hyde (2012)
assume individuals face no borrowing constraints.
Deferral would not be optimal if individuals could
not borrow against their future income. Assuming
an individual reaches their predicted life expectancy,
then our results imply the incremental option tends
to offer a higher rate of return in most of the simu-
lations. Similarly, Farrar, Moizer, and Hyde (2012)
find the 10.4% interest payment substantially
exceeded the break-even interest rate required for

the incremental and lump sum option to be of
equal value (in PV terms).

Coleman et al. (2008) analyse the characteristics
of deferrers versus those who claim state pension
at SPA. Their results suggest deferrers are mainly
high earners who had good financial knowledge of
the deferral option (hence the majority of them
chose the deferred income option) and either they
or their partner tended to continue engaging with
paid work post SPA. These individuals reported
they were financially comfortable during the defer-
ral period. This suggests the employment and
deferral decision may well be jointly determined
and it is unlikely deferrers are from credit con-
strained households. More recent data from waves
4 and 5 of the ELSA spanning the years 2008-2013
also contain information on state pension deferral;
despite small sample sizes, those who do defer
tend to have worked in professional, managerial
or skilled non-manual occupations. These indivi-
duals are more likely to choose the incremental
income option and tend to defer their state pen-
sion for between 1 and 5 years.'®

Prevalence of pension deferral

A Freedom of Information Request released by the
DWP showed between September 2009-2010
approximately 66,300 individuals deferred their

In their paper, the authors worked in continuous time and do not consider a formal model of labour force participation.
"80ccupation data is fed forward to wave one of ELSA from the Health Survey for England data, from which the original ELSA sample is derived.
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pension.'® Of this total, roughly just over one-third
took the increment option, whilst nearly half took
the lump sum option, the remainder took a mixture
of the two.* Of the total number of individuals
eligible to claim their state pension, roughly 1 in 10
chose to defer their pension. Coleman et al. (2008)
using administrative data surveyed individuals who
were approaching or had reached SPA, and found
only a low level of respondents, 65%, knew of the
option to defer. This proportion only increased
slightly after SPA. The main reasons cited were due
time constraints and it being the ‘spouse’s responsi-
bility’, lack of interest or confidence in financial
matters. Therefore, despite roughly 1 in 10 indivi-
duals deferring it is likely with increased awareness
(a central aim of the 2013 White Paper) this propor-
tion will rise.”!

V. Conclusion and policy implications

In this article, we develop a lifecycle framework to
model the joint decision of pension deferral and
intertemporal labour supply. Contrary to the policy
aim of pension deferral which is to extend working
lives, our theoretical model indicates pension defer-
ral acts to raise the reservation wage and reduce the
likelihood of labour force participation. The exact
direction in which labour force changes in a two-
period framework depends on the marginal value of
leisure in each period and its change over time.
There are clear qualitative effects, depending on
wage profile, non-labour wealth and preferences;
introduction of a pension deferral scheme can tilt
labour participation towards the present or future.
Our numerical simulation and empirical evidence
suggest that the deferral policy affects a large pro-
portion of the older working population. As a ball-
park figure, the option changes the reservation
wages by about 2%. Moreover, similarly to Farrar,
Moizer, and Hyde (2012) our results indicate (1)
pension deferral is optimal in the absence of credit

constraints and (2) of the deferral options available,
the incremental income option is more lucrative.

The recent UK announcement of a move to a
single-tier pension system will have a number of
financial implications for those approaching retire-
ment and future generations (Crawford, Keynes, and
Tetlow 2013). This includes changes to the rules
governing pension deferral, the most significant of
which relate to the abolition of the lump sum option
and reduction in the generosity of the incremental
option (the implied annual interest rate on deferrals
will halve from 10.4% to 5.8%). Nonetheless, this is
still far in excess of other tax-efficient financial pro-
ducts commonly available, including the Pensioner
Bond launched in December 2014.

At present, 1 in 10 retirees choose to defer their
state pension; policymakers are attempting to design
various initiatives to extend working lives in the face
of increasing life expectancy. Therefore, research
which attempts to understand the effects of pension
deferral from a theoretical and empirical viewpoint
is of paramount importance.

We have simplified the framework to highlight the
key factors. Of course, relevant extensions are possi-
ble. Above, we have considered a single individual’s
choice. In the aggregate, any change in total pension
cost to the government would have to be financed; it
could thus go hand in hand with a wage tax on all
workers both elderly and others. If deferral is less
costly to the exchequer, then the wage tax could be
lower and consequently the regions in which wages
are above their reservation levels might expand.
Moreover, if there are many individuals who all
choose to defer and this reduces their labour supply,
then through the fall in aggregate labour supply,
worker productivity and so pretax wage rates could
rise. We have simplified away these feedback effects.

Another relationship we have not considered is the
established link between health and age. If in poor
health at T - 1, the demand for leisure and consumption
at T - 1 is likely to increase, making deferral less likely.
On the other hand, if in good health at T - 1 but with

"Freedom of Information request catalogue number (2773/2011).

2Freedom of Information Request catalogue number (2773/2011) pp. 2 notes: ‘New rules for deferral came into effect in April 2005 and lump payments
became available from April 2006. A person who deferred their State Pension before April 2005 would qualify for increments for the period up to April
2005 and may have a choice of either a lump sum payment or an increment for the period of deferral from April 2005. This means some people may have
both an increment and a lump sum payment. The lump sum option is only available to those who have deferred continuously for at least 12 months. The
numbers do not include those who deferred for less than 12 months and opted for simple arrears instead of increments'’.

210ptions to allow increased flexibility of deferring and undefering multiple times are also being considered by the DWP (Department for Work and Pensions

2013).
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the risk of facing poor health at T and its associated
expenses, the demand for leisure and consumption at T
- 1 may fall and that for deferral increase. Therefore, the
net effect on labour supply is ambiguous.

Finally, we have assumed uncertainty away. This
could impact through several channels: the life
expectancy, the future non-labour income and the
future wage rate.
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Appendix 1. The semi-indirect utility function
for quasilinear-isoelastic preferences

Defining Ay as the financial wealth carried forward from
period T — 1 to period T, we can substitute out the lifetime
budget constraint to write ¢y_; in terms of initial wealth
minus savings and leave the problem:

(At +yr—1 +wr—1(1 — Lr—y) — Ap)®

U= p” + hr_1Lr—
Ar + + 1— L))
n 8((T r+yr ;VT( 1)) + hely)

Maximizing U wrt At gives
xr—1 = (00 Vyr + we(1 — Ly)
1+ r(8r) /)

where x7_y = Ar_; +yr—1 + wr—1(1 — Lr—;) and putting
this back into U gives

Ar =

o — (80D (e (1= L) ] F
T ]

o

=60 @Y (o (1=Ly
(r [0 bal] 4y (1~ L)

o

+ b Ly + 6(

o
+ hLy)

The semi-indirect utility function is then

~ (r(Ar—1 +yr—1 +wr (1 — Ly—y)) + yr + wr(1 — L))*

o
(1)@ 1 8) + hy_yLy_y + ShyLy

which can be rewritten as

_ (KS + TWT_1(1 — LT—I)) + WT(I — LT))a
o

D+ hr_1Lt—4

+ ShrLy

where

K = r(Ar—1 +yr-1) +yr,D = (61 +6)

Appendix 2. Leisure demands with continuous
hours

Consider the value function assuming a quasilinear specifica-
tion for utility:

1 w
= ; [KS + WT*I(I — LT—I) + TT(I — LT)]aD + hr_1L1_;
+ ShrLt

D= ((6r)“V 4

First-order conditions wrt Ly_;, Lt are

ov

oLy, hr

w a
— Dwr_y[K* +wr_i (1 — Lr_y) + TT (1—Lp))*!

ov
OLr_,

which can be written as

=hy — D?[KS +?(1 —Lry) +?(1 —Lp)*!

ov : hr_ )1/(a—1)
OLr—y "Dwr_,
w
—[K* + wra (1= Lyoa) + =5 (1= Ly)]
ov : T(ShT )1/(04—1)
aLT_l DWT
= [K*+wr(1 —Lry) + ?(1 — Lr)]

We have the constraints 0 < L; < 1,t = T — 1, T. The com-
binations of possible solutions are:

1) If (K* + wr_y + )" < (i) and
(K + wr_y +25)* 1< (STT) at zero leisure each period, the

marginal utility of leisure exceeds the marginal utility of
consumption, so optimally (Lr_1,Lr) = (0, 0).
() If
() < (5D jand ()" < (5

wWr_1 Dwr

)

(at zero work, marginal utility of consumption still less than

marginal utility of leisure), so optimally (Ly_;,Ly) = (1,1).
(3) If

r8hT

sz 5 Ot—1< onTr
WT_I)an (K +wr-1) (DwT

_ hy_
(KS-FWT,I)O‘ 1>(DT 1

)

(with full-time work in T — 1 and zero work at T, at T — 1
the marginal utility of consumption exceeds that of leisure
but at T the reverse holds), so (Lr—i,Lt) = (Ly_1,LT) =
(0,1) must be optimal.

(4) If

r5hT
DWT

WT a—1 hr_y
K+ — < (— d (K*
(K =0 < () and (K +

WT\a—1
—)* >

et (0
(with full-time work in T and zero work at T — 1, at T — 1
the marginal utility of leisure exceeds that of consumption at
T —1, but at T the reverse holds), so (Lr_i,Lr) = (1,0)
must be optimal.

(5) I
r6RT \1/(a—1) wr rOhr hr_
K< (— <K + -t
) O <
then
rK* Sh 1), ¥ \a/(ae
L= Oy (T yastan

wr D wr

satisfies 0 < L7 < 1 and

s wr a-1 _ (b s wr a-1
K+—((1-L —), (K +—((1—-L
(€ + 22 (0= L)) < (b, (0 + 2 (1~ 1)
7’6’17‘
= (B
wr
The optimum s (Lry,Lr) = (1,55 41~ (5hT)1/(“ b
)

"6) 1f
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wr hT—l r(ShT
<K 4+ wro +—,( <
wr r wr—1 wr

(V5hT Y

K +wr_ < D )

then
rK* + wr_; OhT 1/(a=1), T \af(a—1)
Ly=———+1— (— —
r= T - (D)
satisfies 0 < Lt < 1 and

hr_y

—),(K* -
DWT_I)’( + wr—1

(K 4wy + 2 (1= L) >
T(ShT

wr a—1
—(1—-1L =
+ r ( T)) (DwT

The optimum is (Ly,Lr) = (0,25 41— (%)1/(“71)
)N

wr

(7) If

hr-1 \1/(a-1) hr_y r6hr
< (——— <K’ _ < (—=
(DWT_1 ) o l’(WT—l) wr

K )

then

At iy !

Lr_ =K +wr_; —
71 =] T-1 (DwT,l o

satisfies 0 < Lt_; < 1 and

(K4 wri (1= Lr))* " = (), (K + wry

Dwr_4
_ T(sl’l'r
1—Lr « 1< YT
(1= L) < (G
(8) If
KMo ( hr_y )1/(a_1> <K+ wr v (hT—l - r6hT)
r Dwr_, rwro wr
then

hr—1 (11 1

wr
L =[K+wr_ +——
-1 = -1+ (DWT_1 —

satisfies 0 < Ly_; < 1 and

WT o
(K* +wr1(1 *LT71)+TT)0‘ !
hr_, WT\ a—1 réhy
= (—),(K* (1 —Ly_ — > (—
B (K a1 = L) 2 > ()

(9) If (br=t) /D) — (13hr )1/a=1) g

wr_1 Dwr

WT ja—1 hT—l a—1
K _ — < (—)< K’
tWr r ] (DWT_l) [ ]

optimally both leisures are interior and any combination of

0,L7_1,L7<1 on the line

wr hT-1 \1/(a=1) s
_1(1 —Ly_ —(1—-L7) = (—— K
wr—1( 1) + p ( T) (DwT,l)

are optimal.
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Appendix 3. The wage profiles giving indiffer-
ent participation profiles

Each pairwise utility combination is defined as follows:
(i) voo = vou

(K + iy + )" = (K 4 i) + 5 0hr

o 1/a
whl = ((KS + it )+ %éhT) — K —rwi
(ii) voo = v10

K @ KS4$ @
(K* + rwp_y +wy) D= (K*+*wr) D+ hr,
(44

o

$,2 S 2\ o 1/a 3 $.2

Wiy = ((K +wp) +BhT‘1) — K —wp
(iii) voo = vi1

(K +rwp, +wp)* K"

=—D+ hy_ + bhr
(04 o

WL W = (K e+ Bhr)) - K
(iv) vo1 = vio
(K +rwi_ ) = (K +wp)* + % (hr—y — Shr)
ity = (K 4 wi') 4 5 (g1 — Shp) = K
(V) vor = vni
ity = (04 ) - K )
(vi) vio = vin
Wi = (K + = 8hp)'/* — K 8)

where s = nd, d.

For convenience, we repeat the indifference relations here,
but setting wages on the RHS to zero in order to calculate the
relevant wage intercepts:

S S .S s, ﬁ 1/o¢_ s

(1) = Vg — Vg :wp = (K +D8hT K
a 1/a
(2) = Vi = Vi i, = (K + Shra) =K (9)
(3) =V — Vi rWSYLil +wy
o
= (K4 o (b + Sh))® — K°
(4) =Vio— Vo "WSTAfl

= (K + % (hr—y — Shy))/* — K° (10)

(5) = Vi) = Vi s wi?y = (K + Shrt)'/* = K°

(6) = Vg — Vi s Wit = (K 5 0) " —

Comparing the intercept of the loci: those of (1) and
(6) are equal as are those of (2) and (5). But the intercept
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of locus (1) is below that of locus(3) on the w} axis,
and of locus (2) is below that of locus (3) on the wi._,;
axis. Combining this information gives Figure 1 in the
text.

Comparing the loci, we see that for wages such that V3§, = V§,
and V5, = Vi, we must also have Vi, = Vj,, in terms of
Figure 1, the loci (1), (2) must cross each other on the locus
(4). Similarly, the loci (5), (6) (V5; = V5, and V5, = V5,) must
cross on the locus (4) (V5 = V3,). For similar reasons, loci
(1),(3),(5) must intersect at a common point; and so must
loci (2), (3), (6).

The indifference relations Vi, = V§,,V;, = Vi, and
Vio = Vi, are all linear in the wage rates with the last
being negatively sloped and the other two respectively
horizontal and vertical. Relations (4),(1) and (2);
Vie= Vi Voo = V5, and V§, = V3, respectively are all
positively sloped. For example, differentiating voo — vo1
implicitly

(K + rwh | 4 wi) (rdwh_ | + dws)
= a(K* + rwh_ )" rdw,

dwy r(KS +rwp )T = (K rwh +wi)t !

dws._, (Ks 4+ rws_ | 4+ wi)* !

a<1so (K+mwj )" > (K +rws | +wp)* ' and the
slope of locus (1) is always positive at any w*. The same
logic applies to locus (2):

(K + rwy_y + wi)* ! (rdwy_, + dw})
= a(K* + wy)* ! (rdw})
dwr (K + rWSTfl)a_l — (K +rwip ) + WSTYH

=r
dwy_, (K + rw + i)™

Appendix 4. Comparative statics of the optimal
lifecycle labour participation regimes

In order to ascertain the effect of pension deferral on parti-
cipation, notice that with the exception of rw}" | the critical
wage expressions (as a function of K°) all take the
formw* = ((K* + w*)* +2)"/* — K

where z > 0 is a combination of «, hy_1, hy and D. Note
that in cases 7 and 8, z does not depend on s. Differentiate
wrt K°

= (5 4 w) 42 )
= (1+2(K +w) )%/ _1>0ifz>0
In the case of (10), note that on the RHS of the expression

we have z= §(hr_y —06hr) so if hr_,>d&hr then
dw/dK >0, but if hr_; < dhy then dw/dK<0. So if
hr_y > 6hy, the wage region with full-time work at T
expands at the expense of the wage region with full-time
work only in T — 1.Or vice versa if hy_; < hy.
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