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Abs t rac t  
The purpose of this paper is to extend the simulation analysis of population ageing in 
Guest, Bryant and Scobie (2003). In that paper a single-good Ramsey-Solow model was 
calibrated for New Zealand and used to simulate the impact of population ageing on 
optimal national saving and average living standards over the next 100 years. There are 
several innovations in the present paper. One is to allow for tradable and non-tradable 
goods and thereby to introduce a real exchange rate. Changes in the real exchange rate 
due to population ageing produce substitution effects between tradable and non-tradable 
goods, in both consumption and investment. Other innovations in this paper are an 
outward-looking model of utility, a proportion of rule-of-thumb consumers, and a vintage 
capital model. The simulations of population ageing are conducted by first deriving a 
range of demographic projections from alternative assumptions about fertility, mortality 
and immigration. The resulting series for population and employment by age group are 
weighted to account for age-specific labour productivity levels and consumption demands. 
The model is solved by finding optimal paths of investment and consumption from an 
initial steady state to a new steady state following a demographic shock. The sanguine 
assessment of the impact of population ageing on living standards and national saving in 
Guest, Bryant and Scobie (2003) remains intact following the extensions applied to the 
model in this paper. That is, the cost of ageing is equivalent in its effect on living 
standards to an annual loss of labour productivity growth of about a quarter of one percent 
over the next 50 years. The optimal path for national saving implies a rise of up to 2% of 
GDP over the next decade, relative to that which would have been optimal in the absence 
of population ageing.  In all the cases considered, the optimal level of savings then trends 
down, so that by 2051 it would be about 2 percentage points of GDP lower than the level 
that would have been optimal were the population age structure to have remained 
unchanged. 
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Population Ageing in New Zealand: 
The Impact on Living Standards 
and the Optimal Rate of Saving 

with a Flexible Real Exchange Rate 

1 In t roduc t ion  
Population ageing will present new challenges for economic management?  What will be 
the impact on the growth of living standards?  Are there implications for the optimal rate of 
national saving? This paper addresses these questions using an economic model of an 
open economy with flexible exchange rates. 

The paper is an extension of the analysis in Guest, Bryant and Scobie (2003). In that 
paper the authors made a somewhat sanguine assessment of the impact of population 
ageing in New Zealand on average living standards and optimal national saving in the 
coming decades. In particular, two important results emerged. One is that, according to 
the simulation model, population ageing is expected to reduce living standards by  12% by 
2051 given the most likely demographic projection. This can be regarded as small from 
several perspectives. For example, it is equivalent to an annual reduction of 0.24% in 
labour productivity growth which is assumed to grow at an annual average rate of 1.5%. 
From another perspective, living standards will have approximately doubled by 2051 
notwithstanding the loss of 12% of living standards due to population ageing.  

The second result from the simulation model emerged partly from the first one. That is, 
population ageing alone would not constitute grounds for a significant boost in the optimal 
rate of national saving over coming years.  The optimal path implied a very small increase 
in the rate of optimal national saving � probably less than one percent � in the next few 
years, followed by a fall in the optimal saving rate for several decades. This does not 
seem to present a strong case for directing fiscal policy toward a significant boost in the 
rate of national saving on account of population ageing.  

These findings depend to varying degrees on the assumptions in the model. Sensitivity 
analysis was conducted with respect to some key parameters in the utility and production 
functions and the above conclusions remained intact. However, that model consisted of a 
single composite good and therefore could not allow for the substitution by firms and 
consumers between tradable and non-tradable goods in response to a change in their 
relative prices due to population ageing.  
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An important aim of the present study is to extend the model to allow for these substitution 
effects. In addition, three other extensions are adopted. The utility function is modified to 
allow for habit formation in consumption. The latter is achieved by adopting the outward-
looking utility model in Carroll, Overland, and Weil (1997). In addition, it is assumed that a 
proportion of consumers do not optimise intertemporally but, rather, consume a fixed 
proportion of their income; they are described as �rule-of-thumb consumers�.  The other 
innovation is to replace the conventional homogeneous capital production function with a 
vintage production function.  These extensions are discussed in further detail below.  

Unless stated otherwise, all assumptions and parameter values adopted in the simulation 
model in Guest, Bryant and Scobie (2003) are maintained in this paper.  Readers are 
referred to that paper, which we will refer to as GBS (2003), for a more comprehensive 
description of the simulation approach, including literature support, than will be provided 
here.  The description of the model here will focus on the innovations to GBS (2003). 

The remainder of the paper proceeds as follows.  In the next section we model the 
behaviour of firms.  Two critical features are that we allow for capital to be differentiated 
by vintage (as distinct from a homogeneous capital good) and firms are assumed to 
produce both tradable and non-tradable goods.  Section 3 models the utility maximising 
behaviour of consumers, and this is followed in Section 4 by a description of the solution 
to the model.  Particular attention is given to the role of the exchange rate in Section 5 
while Section 6 documents the key demographic trends that are employed in the analysis.  
The key results of the simulations with the model are presented in Section 7, for both 
living standards and the optimal rate of national saving.  The conclusions are presented in 
Section 8. 

2  F i rms  
An extension to GBS (2003) with respect to the behaviour of firms is that firms produce 
output according to a putty-clay, vintage capital model.  This differs from the more 
common approach, adopted in GBS (2003), which is to treat all capital as homogeneous 
and malleable.  In the latter case, all capital goods in use at a particular time have the 
same productivity and the labour quantum working on any capital good can be varied at 
any time. In a vintage capital model, however, technical progress is embodied in 
successive vintages of capital and, in the putty-clay version, once the labour-capital ratio 
on a particular vintage is chosen it cannot be changed throughout its life.

1
 

Although it makes little difference to the optimal values of macroeconomic aggregates 
whether one adopts a homogeneous or a vintage model of capital in simulating a 
population ageing shock (Guest and McDonald, 2002), there is a pragmatic reason for 
doing so here in that it facilitates the solution to the model.  This is because there is no 
need for adjustment costs in the installation of new capital, as there is in homogeneous 
capital models, in order to avoid unrealistically large jumps in optimal investment in 
response to a change in the interest rate.  In a putty-clay vintage capital model, only the 
marginal vintage of capital, rather than the whole capital stock, responds to a change in 
the interest rate and this implies a less volatile series for optimal investment. Therefore no 
adjustment costs are required.

2
  

                                                                 
1  See Greenwood, Hercowitz, and Krussel (1997) for a comparison of embodied versus disembodied models of capital and an 
argument, on empirical grounds, for modelling technical progress as embodied rather than disembodied. 
2  See Guest and McDonald (2002) for a discussion the different implications of the two models of capital for the volatility of optimal 
investment. 
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A more important extension to GBS (2003) in this paper is the distinction between 
tradable and non-tradable goods which implies the existence of a real exchange rate. A 
list of variables and notation for the complete model is given in Table 1.  Let YT and YN be 
output of tradable and non-tradable goods, respectively.  Let VT and VN be the number of 
vintages of capital employed in producing tradable and non-tradable goods, respectively

3
. 

Assume that output is produced according to a vintage production function with Cobb-
Douglas technology: 
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which, after suppressing the time subscripts, can be approximated by
4
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which, in turn, can be expressed in intensive form where y is output in efficiency units per 
equivalent worker and x is the growth rate of equivalent workers in efficiency units, that is, 
x=(1+l)(1+g)-1: 
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Investment in each of the two sectors is determined by the condition that the marginal 
product of capital is equal to the user cost of capital, r+δ. Therefore 
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3 We follow the assumption in Obstfeld and Rogoff (1996) that only tradable goods can be transformed into capital. They describe this 
assumption as �inessential but helpful� (p.204). In our version of their model this assumption allows an analytic solution for lN and lT; 
otherwise numerical methods would be required. 
4 These approximations are closer to (1) and (2), the larger number of vintages currently in use. 
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Table 1 � Symbols for variables and parameters used in the model  
N Population in natural units 
L Labour force in equivalent worker units* 
P Population in equivalent person units* 
α Support ratio = L/P 
n Growth rate of N 
l Growth rate of L 
p Growth rate of P 
A Total factor productivity 
g Rate of labour productivity growth 
LE Labour force in efficiency units t

gtE
t LeAL 0=  

PE Population in efficiency units t
gtE

t PeAP 0=  

Y Aggregate output  
D Aggregate foreign liabilities, denominated here as debt 
C Aggregate consumption  
y Output per worker measured in efficiency units (Y/ L E) 
d Debt in efficiency units per worker ( ELDd = ) 

c Consumption in efficiency units per equivalent person  ( EPCc = ) 

U Index of welfare maximized by social planner 
θ Rate of time preference 
δ Rate of depreciation 
γ Capital elasticity of output 
β The reciprocal of the elasticity of intertemporal consumption  
λ Change in the interest rate per unit change in foreign liabilities 
x (1+g)(1+l)-1 
i Investment in efficiency units per worker for T and N goods 
w The real wage 
e The real exchange rate 
b The initial, exogenously given, share of tradable goods in GDP 
µ Parameter in consumption index that determines the share of T goods and N goods in the index 
ψ Elasticity of intratemporal consumption (between T and N goods) 
ξ Proportion of rule-of-thumb consumers 
E Expenditure, measured in T goods, on T and N goods 
Pc

 Price, measured in T goods, of a unit of the consumption index 
z The reference level of consumption, here set equal to c-1 

ω A measure of the importance of the reference stock of consumption 
rc The own rate of interest on the consumption index 
r The own rate of interest on tradable goods 
q A shorthand variable equal to ( ) ( )δ++ lli 1  , for T and N goods 

VT Number of vintages of capital employed in the T sector. 
VN Number of vintages of capital employed in the N sector. 
x The growth rate of equivalent workers in efficiency units; that is, x=(1+l)(1+g)-1. 
k Capital per equivalent worker in efficiency units 
s Index of average consumption needs of the all consumers; s=P/N 

*See Section 6 for an explanation of �equivalent workers� and �equivalent persons�. 
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The real wage, w, is equal to the marginal product of labour in each sector. That is, 

( )( ) wqA TT =−− γγ γ11
1

 (9) 

( )( ) wqAe NN =



 −− γγ γ11

1
 (10) 

 

The four equations (7) to (10) can be solved for the four endogenous variables qT, qN, w 
and e.  However, in order to determine iT and iN from qT  and qN it is necessary to allocate 
the exogenously given growth in aggregate employment between iT and iN.  This is done 
by assuming that N goods cannot be capital goods, only consumer goods, implying their 
output is equal to their consumption (following the assumption in Obstfeld and Rogoff 
(1996)).  To explain how this allows us to separate out iT and iN we begin by describing the 
model of consumption. 

 

3 Consumers  
The model of consumption adopted here follows closely that in Obstfeld and Rogoff (1996, 
Chapter 4). The intratemporal model of consumption is identical except for different 
notation. The only difference in the intertemporal model of consumption is in the form of 
the intertemporal utility function � in particular, we allow for external habit formation. 

3 .1  The consumer �s  in t ra tempora l  maximizat ion prob lem.  

 Define an index of total consumption for the representative consumer as
5
: 
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11111
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Note the assumption here that µ, the parameter determining the share of consumption 
goods between T and N goods (see equation (26) below), is constant.  This implies that 
the preferences for tradable and non-tradable goods are constant across all age groups. 
In the Appendix we relax this assumption by allowing µ  to vary with the age distribution.  
This allows for the fact that health services and, to a lesser extent, education services, are 
predominantly non-tradable goods.  Hence we would expect the relative preference for 
non-tradable goods to rise as the population ages. 

Total expenditure on cT and cN, measured in units of T goods is 

NT eccE +≡  (12) 

                                                                 
5 Persons weighted by their consumption levels: see GBS (2003) for details. 
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In each period the representative consumer maximizes (11) subject to (12) yielding 
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Combining (12) and (13) yields 
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Let PC be the minimum E such that c=1; hence it is the price, in T goods, of a unit of the 
consumption index. Using this and substituting (14) into (11) yields 

( )[ ] ψψµµ −−−+= 1
111 ePC  (15) 

Given (13), (14) and the definition E=cPC, gives 
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This solves the intratemporal maximization problem for each equivalent person unit. 

3 .2  The consumer �s  in ter tempora l  maximizat ion prob lem 

In GBS (2003) it was assumed that the economy is centralised and a social planner 
allocates consumption for all consumers based on fully forward looking behaviour.  In this 
paper, however, we adopt a decentralised economy, in order to allow for outward-looking 
utility described below, and also to allow for the innovation that not all consumers are 
intertemporal optimisers.  We assume that the economy is populated by infinitely lived 
dynasties of people who differ only in that their consumption demands are age-specific. It 
is assumed that a proportion, (1-ξ), of consumers are intertemporal optimisers and ξ are 
rule-of-thumb consumers who consume a constant proportion of their income. This 
assumption is adopted in Black et al. (1997) in their model of the New Zealand economy 
and is common in other applied economy-wide models.

6
  

The consumers who optimise intertemporally maximise an outward-looking utility function, 
as in Carroll et al. (1997), where each consumer compares their consumption against the 
consumption of others in deriving their utility. Carroll et al. (1997) cite a range of evidence 
from the literature, both theoretical and empirical, in support of two alternative forms of 
what they call �comparison utility�.

7
 From our point of view, perhaps the most compelling 

argument is that models of comparison utility generate persistence in the time series of 
consumption that matches the persistence found in the actual data.  

                                                                 
6  In the context of population ageing see, for example, the application of the MSG3 model in McKibbin and Nguyen (2001) and the 
OECD�s MINILINK model in Turner, Giorno, Serres, Vourch, and Richardson (1998). 
7 One form of comparison utility is the �outward-looking� model that we adopt here. The other form is the �inward-looking� model in 
which consumers compare their consumption with their own past consumption rather than the consumption of others. Both forms of 
comparison utility generate a type of habit formation in consumption which implies the sort of persistence in consumption that we 
observe in the data. This is the main motivation for adopting comparison utility in this paper and from that point of view it does not 
matter whether we adopt the outward-looking model or the inward-looking model. 
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The utility that the representative consumer derives from a given level of consumption 
changes as the consumer�s consumption needs change. Consumption needs change with 
age. Older consumers have greater consumption needs than younger consumers and 
therefore older consumers derive less utility from a given level of consumption than do 
younger consumers. To allow for this, the consumption level, ct, is divided by an index, st, 
of consumption needs that vary with age; st is equal to (P/N)t and hence s for the 
representative consumer varies with the average consumption needs of the population.  

This consumer maximizes the following intertemporal utility function: 
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where z is a reference stock of consumption. 

The first-order condition for intertemporally optimising consumers is 
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where rC is the own rate of interest on the consumption index, c;
8
 and r is the rate of 

interest on tradables.  Bonds are indexed to tradables so that B bonds are a claim on rB 
tradables per period (Obstfeld and Rogoff, 1996, p.229). Note that in the steady state, PC

t 

= PC
t+1 and therefore rC

t+1 = rt+1. 

In equation(18) copt denotes the consumption of intertemporally optimising consumers.  
Consumers are assumed to be outward looking in the sense that their reference stock of 
consumption, z, is a function of the average consumption of all consumers across all age 
groups rather than a function of their own consumption.  The parameter ω indexes the 
importance of the reference stock of consumption. Here we set ω  = 1 and define zt = copt

t-1 
which is equal to the average consumption of all optimising consumers in period t-1.  

We follow GBS (2003) in modelling imperfect capital mobility as an upward sloping supply 
price of foreign capital and adopt the same simple linear function for r : 

drr λ+=  (19) 

where, in the baseline scenario, λ=0.02.  

The solution to (18) given (20), yields: 

( ) gpn
z
zPrd

d
r

c
c C

opt

opt

−
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



 −+





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∂
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&&&
11 βθ

β
 (20) 

                                                                 
8
 The intuition for the difference between r and rC is as follows. PC is a monotonic increasing function of p; and e=PN/PT. Hence if P 

falls over time (i.e. PCt/ PCt+1 is rising), then T goods are becoming more expensive relative to N goods. Therefore a dollar of 
expenditure buys fewer traded goods relative to units of the consumption index than before. Hence the own interest rate on T goods 
has to rise to equal a given own interest rate on the consumption index. 
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The consumers who, as a rule-of-thumb, consume a fixed proportion of their income, have 
the same consumption as the optimising consumers in the initial steady state but hold that 
level fixed as a proportion of their income. Hence the ageing shock only affects their 
consumption only insofar as it alters their level of income, which is the same for all 
consumers. The consumption of rule-of-thumb consumers is denoted, crot; note that c=ξcrot 
+ (1-ξ)copt. 

The national accounting identity gives the equation of motion for debt. 

( ) NTNT pyyeiicdxdrd −−+++−=
α

)(&  (21) 

The steady state implies that 0=d&  and 0=c& which yields the following steady state 
equations: 

( )( )dxdreiipyyc NTNT −−−−+= )(α         (22) 

    

gr βθ −=  (23) 

 

4 So lv ing  the  mode l  
As described in GBS (2003), the modelling procedure is to calibrate an initial steady state 
which implies that both population and employment are initially growing at constant rates. 
The demographic projections are then introduced as unanticipated �shocks�. The 
production function is calibrated by setting the rate of depreciation, δ, in each of the two 
sectors such that initial output and capital stock for each sector are in a steady state. 
Given the first order condition for investment and the condition that output and capital are 

in an initial steady state, r
y
k

NT
NT −








=

−1

,0

0
, γδ  where the value of (k0/y0) is set at 2.0 for the 

N sector and 3.0 for the T sector.
9
  This therefore implies a higher rate of depreciation for 

the N sector than for the T sector.  

The initial exogenously given employment level is allocated between the T and N sectors 
as follows. We follow the simplifying assumption in Obsfeld and Rogoff (1996) that N 
goods cannot be capital goods � they can only be consumption goods. This implies that 
output in the N sector is determined by consumption in the N sector; that is, YN=CN. In 
turn, CN is given by (13), where the initial steady state value of C is determined by (21). 
Hence given the parameter, µ, the shares of YN and YT in initial GDP (exogenously given) 
can determined endogenously. However, given we know more about the actual shares of 
N and T goods in output from available data than we do about the value of µ in the 
intratemporal utility function, it is more sensible to calibrate µ, given exogenous values for 
the output shares of T and N goods. Proceeding in this way, let initial output in the T 
sector be an exogenously given proportion, b, of initial aggregate GDP. This implies that 

                                                                 
9  Capital-labour ratios are typically in the range of two to three, and we assume that tradables are relatively more capital intensive than 
non-tradables. 
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( )
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N

T

T

N −= 1

,0

,0

,0

,0 where y0 is given for both sectors by assuming an initial steady state in 

which y1=y0 and l=lN=lT. Given aggregate initial L, then L0,N and L0,T can be determined. The 
value of µ is calibrated by an iterative process such that YN=CN. Hence it is necessary to 
set exogenously either of the parameters, µ or b from which the other is determined. 

To calculate output in each sector it is necessary to allocate the growth rate of aggregate 
employment between the T and N sectors: lT and lN. This is done by noting that YN=CN and 
using (15) and (19) to determine CN. The following analytic solution for lN is derived: 

N
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−

1,
1

1
1, )1(

 (24) 

  

The base case parameter values adopted in the model are the same as those in GBS 
(2003): β=1.52, α=0.35, r in a steady state =0.05, g=0.015, debt to output in a steady state 
= 0.8, and λ=0.02. In addition, we set ξ=0.3. These are also the values adopted in Black 
et al. (1997) for the New Zealand economy (with the exception of the debt to output ratio 
which they assume is equal to 1.05).  The values of parameters that apply only to two 
good model are: ψ=1.0 (base case), b=0.4, capital to output ratios in the tradable and 
non-tradable goods sectors are 3.0 and 2.0, respectively. 

5  The  ro le  o f  the  rea l  exchange ra te   
Changes in the real exchange rate generate substitution effects in both investment and 
consumption emanating from the effect of an ageing shock on the interest rate. With no 
change in the interest rate there can be no change in the capital-labour ratio and hence 
no change in the real wage and, in turn, no change in the exchange rate. Therefore in the 
small open economy model, where λ=0, there are no substitution effects. 

5 .1  Subst i tu t ion in  investment  between T and N sectors  

An ageing shock is transmitted to the real exchange rate via, initially, a lower interest rate. 
This is caused by the fall in investment expenditure due to lower capital widening 
requirements and the initial increase in saving as a consequence of smoothing out the 
loss of consumption possibilities caused by the ageing shock. The lower interest rate 
increases the optimal capital-labour ratio and therefore the marginal product of labour 
which, in the T goods sector, is equal to the real wage (see equation (9)). (In the N goods 
sector the real wage is equal to the marginal product of labour times the real exchange 
rate, see equation (10)). The higher real wage raises the real exchange rate because N 
goods are more labour intensive than T goods and therefore an increase in the real wage 
raises the relative price of N goods, which amounts to an appreciation of the real 
exchange rate. As Obstfeld and Rogoff point out (1996, p. 209) in the context of a different 
example, this result is the converse of the Stolper-Samuelson theorem which states that 
an increase in the relative price of a good benefits the factor used intensively in the 
production of that good.  The converse to this, illustrated here, is that a relative increase in 
a factor share of income leads to an increase in the relative price of the product that uses 
that factor intensively.  
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Figure 1, adapted from the diagram in Obstfeld and Rogoff (1996, p.207), illustrates the 
relationship between four variables: the real exchange rate, e, the level of investment in N 
goods, iN, the marginal value product of investment in N goods (mvpi), and the marginal 
value product of labour in the N sector, mpl.e  where mpl is the marginal product of labour 
and e is the real exchange rate. The ageing shock shifts the real wage schedule upwards 
which implies an upward movement along the mpvi schedule as the increase in the real 
exchange rate raises the marginal value product of investment in the N sector. This 
offsets the other effect of the ageing shock on investment, which is the effect of lower 
capital widening requirements. The latter effect shifts the mpvi schedule to the left. The 
net effect on investment is ambiguous unless parameter values are specified. The 
diagram shows the two effects as exactly offsetting which is a special case. Note that the 
effect of the lower capital requirements on investment is to further increase the real 
exchange rate because the lower investment lowers the marginal product of labour which 
requires an increase in e for a given w.  

Figure 1 � The effect of an ageing shock on the real exchange rate and investment 
in non-tradables 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The ratio of investment in the T sector to that in the N sector is given by equation (25):  
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The relative investment level depends importantly on the relative capital widening 
requirements in the two sectors. The latter is determined by the difference in the initial 
steady state capital to output ratios in the two sectors, which determines δN  and δT, and 
the relative employment growth rates in the two sectors, lN and lT.  

 

5.2 Subst i tu t ion in  consumpt ion between T and N sectors  

The ratio of consumption in the two sectors is found by dividing the two equations in (16): 

 

w=mpl.e 

mvpi 
 

iN = investment in non-tradables ?

The net effect on iN is ambiguous 

Real 

Exchange 

Rate (e) 
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From (26), the degree of substitution by consumers between T and N goods depends on 
the real exchange rate and their relative preferences for T and N goods, the latter being 
determined by two parameters: the shares of T and N goods in their consumption index, 
determined by µ,

10
 and the elasticity of substitution, ψ, between the two goods in the 

index. 

6  Demograph ic  p ro jec t ions  
This section briefly describes the derivation of the demographic projections and the 
�support ratio�; further details are available in GBS (2003). 

Table 2 � Summary of base and alternative demographic series 
 Base Alternative 
Fertility Total fertility rate* falls from 2.0 in 2001 to 1.9 in 

2025, and then remains at that level. 
Total fertility rate falls from 2.0 in 2001 to 1.2 by 
2025, and then remains at that level. 

Mortality Mean life expectancy rises from 78.5 years in 
2001 to 86 years in 2053, and then remains at 
that level. (The Statistics New Zealand median 
assumption.) 

Life expectancy increases by 2.3 years every 
decade for the entire projection period. 

Migration Net (inward) migration rate of 1.5 per 1000. Net (inward) migration rate of 0  per 1000. 

*The total fertility rate is the number of births the average woman would expect to have over her lifetime if prevailing age-specific 
fertility rates were to be maintained indefinitely 

We use the base and alternative fertility, mortality, and migration assumptions 
summarized in Table 2.  From these we construct four projection variants, listed in Table 
3.  Comparison between the variants allows us to investigate the differences in the 
economic response to lower fertility, mortality, and migration.  The projections are carried 
out using standard cohort component methods (Preston, Heuveline, and Guillot 2001).  

Table 3 � Construction of population projections from fertility, mortality, and 
migration variants 

Variant Fertility Mortality Migration 
Base Base Base Base 
Low fertility Alternative Base Base 
Low mortality Base Alternative Base 
Low migration Base Base Alternative 

 

Figure 2 shows projected trends in age shares under the four variants.  The upper panel 
shows trends in the percentage of the population aged 0-19.  As is apparent, low fertility 
sharply reduces the percentage share of young people, relative to the base case.  The 
lower panel shows trends in the percentage aged 65 and over.  Low fertility and low 
mortality both increase the percentage share of old people.  Differences in the migration 

                                                                 
10 When the intratemporal utility function is Cobb-Douglas (i.e. when ψ=1), µ is the share of T goods in the consumption index. 
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assumptions have little effect on the shares of either young people or old people; this is a 
reflection of the fact that the age profile of net migration to New Zealand is not greatly 
different from the age profile of the population as a whole. 

Figure 2 � The percentage shares of selected age groups in the total population 
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Following Cutler et al (1990), we summarize changes in the age structure using the 
�support ratio�.  The support ratio weights the age-sex groups by their productivity and 
consumption. It is defined as follows: 

Labour force in equivalent
worker units

Support ratio
Population in equivalent
person units

w Ni iL i
P s Ni ii
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 

 (27) 

where iN  is the number of people in age-sex group i , iw  is a measure of the productivity 
of age-sex group i , and is  is a measure of the consumption needs of age-sex group i . 
We normalize the support ratio to equal 100 in the base year.  Higher support ratios imply 
higher consumption and production possibilities. The calculation of the weights, iw  and is , 
is described in GBS (2003).   
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Figure 3 shows the projection results for the support ratio. The support ratio undergoes 
the largest (most adverse) decline in the low-fertility and low-mortality cases.  

 

Figure 3 � Projections for the support ratio 
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7  S imu la t ion  resu l t s  
In this section we present the results of the simulations for the path of future living 
standards and for the optimal path of national saving. 

7 .1  L iv ing s tandards 

We define living standards as consumption per equivalent person, using the age-specific 
consumption weights described in GBS (2003) to calculate the population in equivalent 
persons.  Figure 4 shows the path of optimal living standards under four alternative 
demographic scenarios � the base case, low fertility, low migration and low mortality. By 
2051 living standards are, under all scenarios, at least 15% below what they otherwise 
would have been. This represents the cost of ageing. However, this result should be seen 
in the context of continued productivity growth. As Table 4 indicates, for ageing to result in 
reductions in the absolute level of living standards, labour productivity growth would have 
to fall to implausibly low levels � for example, 0.27% per annum in the base case. Given 
past, and expected future, average labour productivity growth in the order of 1.5% per 
annum, reductions to 0.27% as a long term average seem highly implausible. The 
conclusion to be drawn from this analysis is that it is almost impossible to imagine that 
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population ageing will result in an absolute reduction in living standards from their present 
level.  

The effects on living standards of the alternative demographic scenarios illustrated in 
Figure 4 and Table 4 are very close, in magnitude and pattern, to those described in GBS 
(2003) for the one good model with 100% forward-looking behaviour. In both models, a 
lower (higher) fertility rate results in a higher (lower) standard of living for an initial period 
compared with the baseline scenario, which may last for decades, before the reverse 
occurs. The temporary boost to living standards from a lower fertility rate does not seem 
to be well-understood in popular discussion of fertility trends. The main reason is quite 
simple � a lower fertility rate lowers youth dependency.

11
  In both the low-fertility and low-

mortality variants, living standards towards the end of the projection period are 
significantly lower than in the base variant. However, the low-mortality variant does not 
have the compensating advantage of an initial period of high consumption. Low migration 
has much less effect on living standards than low fertility or mortality. This reflects the fact 
that changes in migration levels generally have less effect on age-structure, and hence 
support ratios, than changes in fertility and mortality. 

Figure 4 � Loss in living standards due to population ageing 
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Table 4 presents a sensitivity analysis of the results for living standards to alternative 
parameters. The reader is referred to the companion paper, GBS (2003), for a detailed 
discussion of the role that the various alternative parameters play in affecting the 
response of living standards to an ageing shock. The following results also mirror those in 
GBS (2003). The impact on living standards is quite robust to alternative demographic 
assumptions and alternative parameter values. The largest variation in living standards 
compared with the base case occurs in the perfect capital mobility scenario (λ=0). This is 
because the adjustment to a lower rate of consumption occurs immediately resulting in a 
relatively big initial loss of living standards but a smaller loss of living standards later on. 

There is an additional parameter in this model - the intratemporal elasticity of 
consumption, ψ - that does not enter the one good model. The difference between the 
                                                                 
11  See GBS (2003) for a discussion of this and two other sources of, albeit much smaller, gains to living standards from lower fertility, 
that is, a capital-widening effect and a capital intensity effect. 
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value of this parameter and the value of the intertemporal elasticity of substitution, 1/β, 
determines the rate of adjustment of consumption of T goods to the ageing shock, and 
therefore the rate of adjustment of debt to the new steady state (see Obstfeld and Rogoff, 
1996, p.234).

12
 These parameters have opposite effects on the direction of response of 

consumption of tradables to a change in the exchange rate. From (26) an increase in e 
increases consumption of T relative to N goods with elasticity ψ. But an increase in e, 
which also increases PC and therefore rC, reduces c (by (18)) and therefore cT (by (16)). 
Table 4 reports sensitivity of the aggregate consumption path to the value of (ψ-1/β). 
�High� refers to a high value of (ψ-1/β), given by ψ=10 and 1/β=0.33, and �low� refers to a 
low value of (ψ-1/β), where ψ=1 and 1/β=1.0. It turns out, however, that the effect on living 
standards is minimal � no greater than 0.3 of one percentage point at any given time (see 
Table 4).  

Table 4 - The effects of ageing on living standards 
  Demographic assumptions  Sensitivity analysis with base case demographics 
Year  Base Low 

fertility 
Low 

mortality 
Low 

migration 
 λ=0.0 λ=0.01 Exchange 

rate = 1 
�High�* �Low�* �High�*; 

Exchange 
rate =1 

             
Percentage chance in consumption per effective person relative to the case without population ageing 
2011  -3.2 -1.7 -3.4 -3.6  -7.2 -2.8 -3.2 -3.4 -3.1 -3.4 
2021  -7.4 -4.7 -7.7 -8.2  -8.6 -7.7 -7.3 -7.3 -7.4 -7.2 
2031  -11.8 -8.3 -12.6 -13.0  -10.1 -12.5 -11.8 -11.7 -11.8 -11.7 
2041  -13.9 -10.7 -15.6 -15.2  -10.9 -14.2 -13.9 -14.0 -13.4 -14.0 
2051  -14.7 -13.4 -17.8 -16.0  -11.2 -14.6 -14.7 -14.7 -14.6 -14.8 
2101  -19.4 -31.2 -33.1 -20.7  -12.2 -19.4 -19.4 -19.4 -19.4 -19.4 
             
Net change in living standards given population ageing and 1.5% per annum productivity growth 
2011  12.8 14.3 12.7 12.5  8.9 13.3 12.9 12.7 12.9 12.7 
2021  27.3 29.9 27.0 26.5  26.1 27.0 27.4 27.4 27.3 27.5 
2031  44.5 48.0 43.8 43.3  46.2 43.8 44.5 44.6 44.5 44.6 
2041  67.5 70.7 65.8 66.2  70.5 67.2 67.5 67.4 67.6 67.4 
2051  95.9 97.1 92.7 94.5  99.3 95.9 95.9 95.8 95.9 95.8 
2101  323.8 312.0 310.1 322.5  331.0 323.8 323.8 323.8 323.8 323.8 
             
Effect of ageing on living standards measured as the equivalent annual loss of average productivity growth 
2011  -0.32 -0.17 -0.33 -0.35  -0.70 -0.27 -0.31 -0.33 -0.31 -0.33 
2021  -0.36 -0.23 -0.37 -0.40  -0.41 -0.37 -0.35 -0.35 -0.36 -0.35 
2031  -0.37 -0.27 -0.39 -0.41  -0.32 -0.39 -0.37 -0.37 -0.37 -0.37 
2041  -0.33 -0.25 -0.36 -0.35  -0.26 -0.33 -0.33 -0.33 -0.32 -0.33 
2051  -0.27 -0.25 -0.33 -0.30  -0.21 -0.27 -0.27 -0.28 -0.27 -0.28 
2101  -0.18 -0.27 -0.29 -0.19  -0.11 -0.18 -0.18 -0.18 -0.18 -0.18 
             

* �High� and �low� refer to the gap between the intratemporal and intertemporal elasticities of substitution in consumption. 

 

                                                                 
12 Only traded goods determine debt because the consumption of non-traded goods is always equal their output by assumption in this 
model, following Obstfeld and Rogoff, (1996). 
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7 .2  Nat ional  sav ing 

The responses of optimal national saving for the four demographic scenarios are 
illustrated in Figure 5.  There is a small initial increase in optimal saving which varies from 
0.9% in the low mortality case to 0.2% in the low fertility case. Again these responses are 
close (within about 1% point of GDP for each demographic scenario) to those in GBS 
(2003). A sensitivity analysis with respect to some parameters is reported in Table 5. 

 

Figure 5 � Percentage point changes in national saving rate in response to 
population ageing 
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In all scenarios optimal saving falls after about ten years following the shock. This is 
because capital widening requirements fall as the growth rate of employment slows down. 
The link between lower capital widening requirements and lower saving is indirect rather 
than direct as it would be in a closed economy model. The link occurs via the interest rate. 
The lower capital widening requirements put downward pressure on the interest rate 
which implies a lower return to saving. The lower return to saving in turn slightly offsets 
the effect of lower capital widening requirements on investment by implying some capital 
deepening but this effect is not strong enough to prevent investment and saving from 
falling. By far the biggest effect on saving and investment occurs in the low fertility 
scenario because this implies the biggest slow down in labour force growth. 
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Table 5 � Effects of ageing on national saving: Changes in national saving, relative 
to case of no ageing, in percentage points of GDP 

  Demographic assumptions  Sensitivity analysis with base case demographics 
Year  Base Low 

fertility 
Low 

mortality 
Low 

migration 
 λ=0.0 λ=0.01 Exchange 

rate = 1 
�High�* �Low�* �High�*; 

Exchange 
rate =1 

2004  0.8 0.2 0.9 0.6  4.6 0.3 0.8 0.9 0.7 0.9 
2006  0.5 0.0 0.6 0.2  4.2 0.1 0.5 0.7 0.4 0.7 
2011  0.0 -0.4 0.1 -0.3  2.9 -0.2 0.0 0.2 0.0 0.1 
2021  -1.4 -1.6 -1.2 -1.8  -1.3 -0.9 -1.4 -1.4 -1.4 -1.5 
2031  -1.9 -2.2 -1.6 -2.4  -4.4 -1.1 -1.9 -2.0 -1.9 -2.0 
2041  -1.4 -2.2 -1.1 -1.8  -4.7 -1.3 -1.4 -1.4 -1.4 -1.4 
2051  -1.5 -3.2 -1.2 -1.8  -4.9 -1.6 -1.5 -1.4 -1.5 -1.4 
2101  -2.0 -5.3 -2.8 -2.3  -9.1 -2.0 -2.0 -2.0 -2.0 -2.0 

* �High� and �low� refer to the gap between the intratemporal and intertemporal elasticities of substitution in consumption. 

These results have implications for the required change in national saving, in response to 
population ageing, to achieve growing living standards. The maximum possible growth in 
living standards can be achieved without significant long-term increases in the rate of 
national saving in response to ageing. Rather, a modest temporary increase of no more 
than one percentage point of GDP followed by declines in the rate of saving appears to be 
the optimal response to ageing. This issue was discussed in more detail in GBS (2003). 

8  Conc lus ion  
Extending the model in GBS (2003) to a two good model with a real exchange rate and 
30% of consumers being rule-of-thumb consumers has reinforced the conclusions in the 
earlier paper about the effects of population ageing on living standards and national 
saving. The substitution effects that exist in theory have turned out to be very small in the 
numerical simulations. The results are robust to a wide range of the key parameters that 
affect the size of the substitution effects. 

The key results can be summarised as follows.  In the base case, it is expected that by 
2051, living standards measured as real consumption per person could be 15% below the 
level that they would have been in the absence of population ageing.  However, it must be 
stressed that in any event, even with population ageing, real incomes will be virtually 
double their level in 2001.  Population ageing may well reduce the level of standards but 
that level will still be much higher for future generations.  These results are dependent on 
the assumption that labour productivity growth, a key driver of real incomes, will grow at 
an annual average rate of 1.5%.  The effect of population ageing is equivalent to reducing 
the rate of productivity growth from 1.50 to 1.23% annually. 

The optimal path for national saving implies a rise of up to 2% of GDP over the next 
decade, relative to that which would have been optimal in the absence of population 
ageing.  In all the cases considered, the optimal level of savings then trends down, so that 
by 2051 it would be about 2 percentage points of GDP lower than the level that would 
have been optimal were the population age structure to have remained unchanged.  
These changes in the rate of saving are those which would be optimal to achieve the 
maximum growth in living standards.  That the estimates imply modest changes over the 
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next 50 years, serves to underscore the fact that future living standards are much more 
dependent on sustaining high rates of economic growth rather than on any significant 
changes in the level of national savings. 
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9  Append ix  
The results reported in the text suggested that both the flexible exchange rate and the 
allowance for rule-of-thumb consumers did not overturn the results in GBS (2003). The 
Appendix explores this claim in more detail.  

9 .1  How impor tant  is  the f lex ib le  rea l  exchange ra te? 

No insights into this question can be gained from the small open economy version of the 
model (λ=0). In that case the substitution effects in investment and consumption are zero 
because there is no response of the interest rate to the ageing shock and hence no 
change in the real wage and the exchange rate. So we restrict our attention to cases 
where λ is non-zero. 

The fact that the exchange rate cannot change unless the interest rate changes suggests 
the possibility that the parameter, λ, in the interest rate equation is important in 
determining the size of the substitution effects. Simulations show, however, that this 
parameter has a minimal effect on the path of the interest rate and therefore the exchange 
rate. This was illustrated by simulations in the Appendix to GBS (2003). The reason is that 
changes in the interest rate due to a change in debt end up being largely self-defeating 
because they set off a response in the saving rate that pushes debt and hence the 
interest rate back toward their original positions. For example, falling debt levels lead to 
lower interest rates which reduce the incentive to save and hence increase consumption, 
debt and hence the interest rate. Similarly, rising debt levels lead to higher interest rates, 
higher saving, lower consumption and hence lower debt levels. Simulations revealed that 
the second round effects are powerful in offsetting the first round effects for the entire 
range of plausible values of the elasticities of intratemporal and intertemporal 
consumption.  

This is an interesting result because it implies that population ageing can only have a 
small impact on the interest rate, relative factor prices and the exchange rate using the 
method of determining the exchange rate applied in this paper. The maximum deviation of 
the interest rate from its steady state value, following the shock, is 35 basis points (0.35 
percent). The maximum response of the exchange rate is also 0.35 percent. Such small 
effects on the exchange rate have small effects on substitution by firms and consumers. 
These effects are illustrated in Appendix Figures 1 to 3. In the figures, the �Exchange 
rate=1� case is the simulation holding the exchange rate constant at its initial value which 
is normalised to one. A comparison of this case with the others shows the effect of 
allowing the exchange rate to adjust.

13
 The λ=0.10 case gives an extremely high value for 

this  parameter. The �high� and �low� cases denote high and low values of the gap 
between the intratemporal and intertemporal elasticities of consumption. 

As one would expect, the small substitution effects shown in the figures have small effects 
on the optimal path of living standards and national saving. Indeed the effect on living 
standards in any one year is no more than 0.1 percentage point and the difference in 

                                                                 
13

 Comparing the constant ER case with the base case is as close as one can get to a valid comparison of the two and one good 
models. It is not possible to map the two good model into the one good model by simply changing a parameter. The assumption in the 
two good model that output of N goods is equal to consumption of N goods, has no counterpart assumption in the one good model. 
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national saving rates is a little larger but no more than 0.5 of a percentage point in any 
given year.  

This helps to explain why the results for the one good model in GBS (2003) are so close 
to those for the two good model in this paper. 

Appendix Figure 1 � Interest rate 
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Note � �High and �low� refer to the gap between the intratemporal and intertemporal elasticities of substitution in consumption. 

Appendix Figure 2 � Real exchange rates 
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Note � �High and �low� refer to the gap between the intratemporal and intertemporal elasticities of substitution in consumption. 
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Appendix Figure 3 � cT/cN 
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Note � �High and �low� refer to the gap between the intratemporal and intertemporal elasticities of substitution in consumption. 

 

9.2 What  d i f ference do � ru le  o f  thumb� consumers make? 

With respect to the proportion, ξ , of rule-of-thumb consumers, the base case value is 0.3, 
which is the value applied in the core model of the New Zealand economy (Black et al., 
1997). We investigated the sensitivity of the results to this assumption by simulating the 
case where 70% of consumers are rule-of-thumb consumers; that is, ξ=0.70. 

The results are illustrated in Appendix Figures 4 to 8. The main effect of a higher 
proportion of rule-of-thumb consumers is that the optimising consumers must save more 
in order to reach the final steady state. That is, the optimising consumers must 
compensate for the �undersaving� of the rule-of-thumb consumers, otherwise the debt 
ratio would not stabilise. Another way of interpreting this is to say that a social planner, 
constrained by the behaviour of the rule-of-thumb consumers, would restrict the 
consumption of the remaining consumers to ensure that aggregate consumption remained 
on the optimal path to the final steady state. The national saving rate in the case of 70% 
rule-of-thumb consumers is initially two percentage points of GDP higher than in the base 
case of 30% rule-of-thumb consumers. This extra required saving diminishes over time. 
The effect of higher national saving is a lower interest rate during the adjustment period 
(Appendix Figure 6) , a higher real exchange rate (Appendix Figure 7) and a greater 
degree of substitution by consumers between  tradable and non-tradable goods (Appendix 
Figure 8). 

 



 

W P  0 3 / 3 4  |  P O P U L A T I O N  A G E I N G  I N  N E W  Z E A L A N D  2 2  

 

Appendix Figure 4 � Percent loss in living standards due to population ageing, with 
30% and 70% rule of thumb consumers (base demographics) 
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Appendix Figure 5 � Percentage point change in national saving rate in response to 
ageing, with 30% and 70% rule of thumb consumers (base demographics) 
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Appendix Figure 6 �Interest rate, with 30% and 70% rule of thumb consumers (base 
demographics) 
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Appendix Figure 7 � Real exchange rate, with 30% and 70% rule of thumb 
consumers (base demographics) 
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Appendix Figure 8 � cT/cN, with 30% and 70% rule of thumb consumers (base 
demographics) 
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9.3 A l lowing for  age-dependent  preferences for  t radable  
and non- t radable  goods 

The assumption made in (10) that µ is constant over time for the representative consumer 
implies that relative preferences for tradable and non-tradable goods do not vary with age. 
This ignores the observation that preferences for medical and health services, which are 
essentially non-tradable goods, are age-dependent. In particular, we would expect that 
dependants, who are predominantly the young and old, have a higher demand for non-
tradable relative to tradable goods than do working age people. A simple way to 
accommodate this is to assume that the preferences for non-tradable goods increase in 
proportion to the increase in the aggregate dependency ratio, which is equal to the inverse 

of the (unweighted) support ratio minus 1.
14

 Hence µt can be defined as,
t

t N
L






= 0µµ .  

Simulations showed that this makes a small difference to the variables of interest. For the 
base, the dependency ratio declines by about 20 percent over the next 100 years. 
However, this affects the preference parameter, µ, by much less than this because the 
initial share of tradable goods in total consumption is quite small. In fact, initially  

17.0=








N

T

C
C

. Allowing for age-based relative preferences for the two goods implies that 










N

T

C
C

falls from 0.17 to a low point of 0.14. The effect is to increase the national saving 

rate slightly compared with the base case � by a maximum of 0.4% in any given year with 

                                                                 
14 The dependency ratio =(N-L)/L = N/L � 1, where N is the total population and L is the working age population. The constant term (-1) 
can be omitted in defining µt. 
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the difference being in the order of 0.2% for most years. The two series are plotted in 
Figure A9. The saving rate is higher in the case where relative demand for non-tradable 
goods is higher, because non-tradable goods have lower capital intensity, so the extra 
production of non-tradable goods means that labour resources are less productive on 
average � that is, output per worker is lower. This requires a higher saving rate. For other 
variables the impact is smaller � for example, living standards are 0.1% lower by 2051 
than in the base case; and the interest rate differs by less than 0.1 of a percentage point 
relative to the base case in any year. 
 

Appendix Figure 9 - Percentage point change in national saving rate for teh case of 
age-dependent preferences for N and T goods (base demographics) 
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