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Abs t rac t  
This paper examines the effect of the last increase in the eligibility age for New Zealand’s 
public pension, New Zealand Superannuation, on household saving rates. The age of 
eligibility was increased progressively from 60 to 65 years old between 1992 and 2001, 
with little forewarning. Drawing on Household Economic Survey data, the paper uses 
difference-in-difference regression analysis to compare the last cohorts to receive 
New Zealand Superannuation at the age of 60 years old with the first to face higher 
eligibility ages. The policy change is found to have increased average saving rates of 
affected households, particularly among middle-income and older households. The 
increase in saving rates is associated with higher household labour supply and income, 
and lower expenditure. The results suggest the policy change initially lifted the aggregate 
household saving rate by around 2.5 percentage points with the effect declining slightly 
over time.    

  

J E L  C L A S S I F I C A T I O N  D14: Household saving 
D91: Life cycle models and saving 
E21: Consumption; Saving 
H55: Social security and public pensions 
J26: Retirement Policies 
 

K E Y W O R D S  Household Saving; Retirement Income; New Zealand Superannuation 
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Execu t i ve  Summary  
The New Zealand Treasury has argued that a reduction in the generosity of 
New Zealand’s public pension, New Zealand Superannuation (NZS), would lead to an 
increase in household saving rates. This prediction is based on the simple life-cycle 
theoretical model of saving in which individuals smooth consumption over time. In this 
simple model, households respond to an unexpected decrease in public pension wealth 
by saving more prior to retirement, through working more and/or consuming less. 
However, an unexpected reduction in public pension wealth can also, in theory, lead to 
lower household saving rates. This may occur if individuals respond by delaying 
retirement from the workforce, thereby reducing the level of accumulated savings needed 
at retirement. An assessment of how household saving rates may respond to changes in 
the generosity of NZS therefore requires the support of empirical evidence. Such evidence 
has been lacking.  

The objective of this paper is to measure the effect of the last increase in the NZS 
eligibility age on household saving behaviour. The age of eligibility was increased 
progressively from 60 to 65 years old between 1992 and 2001, with little forewarning. 
Because this policy change affected different birth cohorts differently, it provides a “natural 
experiment” that allows identification of the policy’s impact on affected households. 
Drawing on data from the Household Economic Survey (HES) for the period 1984 to 1998, 
the paper uses difference-in-difference regression analysis to compare the average 
saving rates of the last cohorts to receive NZS at 60 years old with those of the first 
cohorts facing higher eligibility ages. To provide insight into the nature of the saving 
response, the same method is used to measure the policy’s effects by year, age and 
income quintile, as well its effects on household income, expenditure and labour supply.  

The analysis suggests the policy change caused an average increase in household saving 
rates of around 2 percentage points for each additional year added to the eligibility age 
faced by the household head. For households facing an eligibility age of 65 years old, this 
translates to a 10 percentage point increase in the average annual saving rate. The 
impact of the policy change on saving rates is evident from the first year after its 
announcement in 1990, and appears to have been greatest on older and middle-income 
households. The findings for saving rates are supported by the estimated effects of the 
policy change on disposable income, expenditure, and labour supply. Disposable income 
and labour supply are found to have increased as a result of the policy change, while the 
effect on expenditure appears to be negative. The positive effect on disposable income 
and labour supply is, again, greatest for older households.  

These results suggest the lift in the eligibility age led to an initial increase in the aggregate 
household saving rate of around 2.5 percentage points, declining to around 2 percentage 
points by the year ended March 1998. To what extent would future reductions in the 
generosity of NZS lead to similar changes in aggregate household saving rates? The 
absence of a tax surcharge (an income test) is one important difference of NZS today 
from the scheme in the 1990s. All else being equal, this difference would likely increase 
the relative effects of a future reduction in the generosity of NZS. Two other important 
factors relate to the amount of forewarning provided and the nature of household 
expectations. To the extent that any future changes are signalled well in advance of 
implementation, households will have a longer period of time to adjust, leading to a 
smaller increase in annual saving rates. However, if future changes are already built into 
household expectations, the effects on saving will be reduced. 
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The Effect of Public Pension Eligibility 
Age on Household Saving: Evidence 
from a New Zealand Natural Experiment  

1  In t roduc t ion  
It has been argued that a reduction in the generosity of New Zealand’s public pension, 
New Zealand Superannuation (NZS), would lead to an increase in household saving 
rates

1
. This prediction is a basic result of the simple life-cycle model of saving in which 

individuals attempt to smooth consumption over time. In this simple model, households 
respond to an unexpected decrease in public pension wealth by saving more prior to 
retirement, through working more and/or consuming less. However, as argued by 
Feldstein (1974), a reduction in public pension generosity could in fact lead to lower 
household saving if individuals choose to delay their retirement and shorten the period 
over which they draw down accumulated savings. An assessment of how household 
saving rates actually respond to changes in the generosity of NZS therefore requires the 
support of empirical evidence. Such evidence has been lacking.  

The objective of this paper is to measure the effect of the last increase in the NZS 
eligibility age on household saving behaviour. The age of eligibility was increased 
progressively from 60 to 65 years old between 1992 and 2001, with little forewarning. 
Because this policy change affected different birth cohorts differently, it provides a “natural 
experiment” that can be exploited to identify the policy’s impact on affected households. 
Drawing on data from the Household Economic Survey (HES) for the period 1984 to 1998, 
this paper uses difference-in-difference regression analysis to compare the average 
saving rates of the last cohorts to receive NZS at 60 years old with those of the first 
cohorts facing higher eligibility ages. To provide insight into the nature of the saving 
response, the paper uses the same method to analyse the policy’s effects by year, age 
and income quintile, as well its effects on household income, expenditure and labour 
supply.  

The paper is structured as follows. Section 2 introduces the data and saving measures. 
Section 3 provides background on NZS and its reform. Section 4 describes the empirical 
methods.  Sections 5 and 6 outline the main results relating to saving, and to income, 
expenditure and labour supply. Section 7 presents sensitivity analyses and Section 8 
concludes. 

                                                                 
1 Recent examples include Brook (2014), Law (2013) and New Zealand Treasury (2010). 
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2  Da ta  
This section provides a short summary of the data and the construction of cohorts in 
Subsection 2.1, and of the measures of saving used in Subsection 2.2.  A more detailed 
discussion can be found in Vink (2014), which uses the same data and measures.  

2 .1  The data and cohor t  const ruct ion 
This paper uses the 15 annual March-year HES surveys from 1983/84 to 1997/98. Each 
of the surveys provides a rich set of income, expenditure, labour market and demographic 
data from an independent and representative sample of New Zealand private households.  
The individual surveys are referred to henceforth by the year in which they ended.  

Saving rates are calculated at the household level, rather than the individual level, 
reflecting an assumption that expenditure and saving decisions are made on a household 
basis. Calculating saving at an individual level is difficult because HES only records 
expenditure at the level of the household. The household head is defined as the 
household member with the highest gross income.

2
 Characteristics of the household head 

are used to define each household’s age, gender and ethnicity.  

Ideally panel data, which consists of observations from the same household units over 
time, would be used for analysing households’ saving behaviour over their lifetimes. In the 
absence of such data for New Zealand, “synthetic panel data” are constructed by dividing 
the sample into cohorts determined by the birth year of the household head, following a 
method described by Deaton (1985).

3
 Using birth cohorts (henceforth “cohorts”) as the unit 

of analysis allows the average behaviour of these cohorts to be tracked over time.  

The use of synthetic panels is valid if the membership of the population (and each cohort 
within it) is fixed. This may not be the case if there is a large amount of household 
dissolution and reformation, in which, for example, older people move in with their children 
so previously “old” households become “young” households in subsequent years. This 
problem cannot be fully overcome, but to reduce its impact, the sample is restricted to 
households with heads aged 70 years old or younger.  

A similar problem may occur when there are common age-related changes to income, 
such as retirement or NZS receipt. If these age-related changes affect the relative 
earnings of household members on a systematic basis, they may also systematically 
influence the identity of the household head. To provide reassurance that the results are 
not being biased in this way, two alternative definitions of household head were trialled: 
the oldest household member and the Statistics New Zealand’s “reference person”.

4
 

These alternatives are unlikely to have the same systematic age-related influences as 
highest earner. Neither materially affected the results. 

2 .2  Def in ing sav ing and the sav ing ra te  
The HES was not designed for the measurement of saving and there are important 
limitations to using it for this purpose, as discussed by Vink (2014). However, HES is the 
best source of household-level saving data available and it has been used in other studies 

                                                                 
2 If two individuals have equal highest income, the older individual is chosen as head. If household members have equal income and 
age, the individual with the lowest HES person number is chosen as head. 
3A person’s year of birth is calculated as the survey year minus their age (in years) if they were surveyed in the second half of the 
survey year, or equal to the survey year minus their age, minus one if they were surveyed in the first half of the survey year.  
4 The Statistics New Zealand reference person is the person who fills out the household’s questionnaire. No particular criteria are used 
in selecting the reference person. 
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to analyse household saving.
5
 The preferred measure of household saving in this paper 

has been chosen to correspond closely to the definition used in New Zealand’s Household 
Income and Outlay Account (HIOA), which provides the most frequently-cited aggregate 
household saving measure for New Zealand. Specifically, household saving is defined as: 

 ܵ ൌ ܦܻ	 െ 	(1)       ,ܥ

where: 	 YD =  HES “total income”  

- net taxes and transfers
6
 

C  =   HES “total household expenditure”  

- HES “contributions to savings” 

- HES “mortgage principal payments” 

- HES “life and health insurance payments” 

- HES “purchases of property”  

+ HES “sale of property” (classified as negative expenditure in HES) 

In other words, saving is defined as the difference between household disposable income 
and expenditure, plus mortgage principal payments and life and health insurance 
payments.

7
 To test whether the results are sensitive to this definition, an alternative saving 

measure is adopted in Subsection 7.1. More detail on both saving measures is contained 
in Appendix A. 

Saving rates are calculated for each cohort as the ratio of that cohort’s mean saving to its 
mean disposable income: 

௧ݏ
௖ ൌ

1
௧ܰ
௖ ∑ ሺܻܦ௧

௖௛ െ ௧ܥ
௖௛ሻ୦

1
௧ܰ
௖ ∑ ௧ܦܻ

௖௛
୦

, (2)

where: 

 ௧ܰ
௖ = the number of household observations in cohort group c in survey year ݐ; 

௧ܥ 
௖௛  = expenditure of household ݄, belonging to cohort ܿ, in survey year ݐ; 

௧ܦܻ
௖௛ = disposable income of household ݄, belonging to cohort ܿ, in survey year ݐ. 

The aggregation properties of this “ratio of means” measure (as opposed to a “mean of 
ratios” measure) are useful when considering the implications of results for aggregate 
household saving, which is similarly calculated as total household saving divided by total 
household disposable income. The ratio of means measure also reduces the influence of 
outliers and measurement error. A disadvantage of ratio of mean measures is their limited 
use for understanding behaviour at the household level. In Section 7.2, the analysis is 
repeated using the household as the unit of analysis, rather than the cohort mean. This 
specification allows for the control of household characteristics. 

                                                                 
5 Other studies that use the HES to analyse saving behaviour include Gibson and Scobie (2001) and Coleman (2006). 
6 The HES does not record income tax data. An adjusted data set is used, which incorporates New Zealand Treasury estimates of net 
taxes and transfers at the household level  
7 These are considered financial transactions in the HIOA, and are therefore not part of consumption. 



 

W P  1 4 / 2 1  |  
T h e  E f f e c t  o f  P u b l i c  P e n s i o n  E l i g i b i l i t y  A g e  o n  H o u s e h o l d  
S a v i n g :  E v i d e n c e  f r o m  a  N e w  Z e a l a n d  N a t u r a l  E x p e r i m e n t  

4
 

3  The  Po l i cy  Con tex t  
This section describes the main features of NZS and its reform, which are relevant to the 
change in eligibility age considered by this paper.

8
 Much of the detail is drawn from 

Preston (2001), unless indicated otherwise.  

3 .1  An overv iew of  New Zealand Superannuat ion 
NZS is New Zealand’s defined benefit public pension scheme, funded from general 
taxation on a pay-as-you-go basis. At the time the last increase in the eligibility age of 
NZS was announced by the Government in July 1991, virtually all New Zealanders over 
the age of 60 years old were eligible to receive NZS. The net rate of payment for couples 
was approximately 72 per cent of the net average wage, with annual adjustments 
ensuring that it remained within a “wage band” of 65 to 72.5 per cent.  A “tax surcharge” of 
20 per cent was applied to non-NZS income (with some exemptions) and affected 
approximately 30 per cent of NZS recipients (Boston, Dalziel et al 1999). Apart from the 
tax surcharge there were no means- or work-testing criteria for receiving NZS. Private 
pension schemes played a minor role in retirement income, accounting for around 7 per 
cent of the total income of those aged 60 years old or older in the year ended March 1991, 
as recorded by HES. 

3 .2  The re forms 
There were growing concerns during the 1980s about the high and rising costs of funding 
NZS. In response to these concerns, the Government introduced the 65 to 72.5 per cent 
wage band in 1989. This wage band applied to all current and future NZS recipients and 
represented a significant reduction from the prevailing NZS-wage ratio of 80 per cent. At 
the same time the Government signalled an increase in the NZS age of eligibility from 60 
to 65 years old that was to take place progressively over a 20 year period beginning in 
2006. Under this policy, individuals born in 1947 or later would face higher eligibility ages, 
while those born earlier would be unaffected. 

In June 1990, the National Party, then in opposition, announced its intention to raise the 
age of eligibility to 65 years old, over a 20 year period beginning in 1992 (New Zealand 
Herald 1990). This policy affected individuals born in 1933 or later, with those born from 
1943 facing the new eligibility age of 65 years old. At the time of the announcement the 
National Party was polling very strongly and it went on to win the national election in 
November 1990 (Aimer and Vowles 1993). However, escalating concerns about the state 
of the Crown’s financial situation led the Government to implement a more severe 
package of reform than it had campaigned on, including substantial welfare benefit cuts 
(Dalziel and Lattimore 2001). Three main changes to NZS were announced in the 1991 
Budget:  

(i) An increase in the NZS eligibility age from 60 to 65 years old between 1992 and 
2001. The schedule saw the eligibility age increase to 61 for those born in between 
1 April 1932 and 30 June 1932, with additional increases of 3 months for each 
successive 3-month birth cohort (the schedule is set out in Subsection 4.1). 

 
(ii) The cancellation of NZS rate-of-payment adjustments in 1991 and 1992. Consumer 

price inflation adjustment was to be made thereafter provided the rate was above 
the lower bound of the wage band, which remained at 65 per cent of the net average 
wage for couples. These changes affected all current and future NZS recipients. 

                                                                 
8 New Zealand’s public pension has previously been called National Superannuation and Guaranteed Retirement Income, but is 
referred to consistently in this paper as NZS. 
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(iii) An increase in the tax surcharge to 25 per cent and a reduction in the income 

exemption threshold.
9
 The proportion of NZS recipients who were subject to the 

surcharge continued to fluctuate at around 30 per cent until the surcharge was 
reduced in 1997 and abolished in 1998 (Boston, Dalziel et al 1999).  

In 1994 the Transitional Retirement Benefit (TRB) was introduced to assist those affected 
by the increase in the NZS eligibility age. The age of eligibility for the TRB was 60 years 
old in 1994 and was increased at the same rate as the NZS eligibility age, reaching 65 
years old in 2004, at which point it was phased out. Individuals were therefore potentially 
eligible for the TRB for three years before becoming eligible for NZS. The TRB was set at 
roughly the same amount as NZS and it was subject to the same tax surcharge. Although 
the TRB would moderate any effects of the change in NZS eligibility age on saving 
behaviour, its overall effects are likely to have been small because only a small proportion 
of potentially eligible individuals actually received the TRB.

10
 

4  Emp i r i ca l  Me thod :  D i f f e rence- in -d i f f e rences  
Es t ima t ion  

This section outlines the basic difference-in-differences framework and regression model 
in Subsections 4.1 and 4.2 respectively. Subsection 4.3 describes some of the robustness 
tests employed, and Subsection 4.4 covers extensions to the basic regression model. 

4 .1  The bas ic  d i f ference- in-d i f ferences set  up 
Difference-in-differences is a common technique used to measure the effects of policy 
changes in natural experiments.

11
 A policy change provides a natural experiment if it is 

exogenous and affects some population groups (a “treatment” group) but not others (a 
“control” group). Because the change in the NZS eligibility age was not implemented in 
response to concerns about household saving rates and because it affected different 
cohorts differently, the policy change can be considered a natural experiment.  

Difference-in-differences analysis compares changes in the outcomes for treatment and 
control groups before and after the policy change to identify the policy’s effect (the 
“treatment effect”), on the assumption that without the change the change in outcomes for 
the two groups would be the same. This assumption is known as the “common trends” 
assumption and is critical to the difference-in-differences identification strategy. For this 
study, the common trends assumption requires the effects of macroeconomic 
developments and other policy changes on the treatment and control groups to be the 
same.  

Figure 1 shows how the policies announced in 1989, 1990 and 1991 affected the NZS 
eligibility age applying to different cohorts. Three different groups can be identified as 
follows: 

(i) the control group: cohorts born before 1932, who were not affected by any of the 
policies; 

                                                                 
9 A larger increase in the surcharge was initially announced, but reduced later in response to public pressure. 
10 The Ministry of Social Development (2002) reports that only 6 per cent of 60 to 64 year olds received the TRB between 1998 and 
2001. 
11 Recent examples that consider the effects of public pension reform on saving include Attanasio and Brugiavini (2003), Attanasio 
and Rohwedder (2003) and Aguila (2011). 
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(ii) the treatment group: cohorts born between 1932 and 1946, who were not affected 
by the 1989 policy but were affected by the policies announced in 1990 and 1991; 
and 

(iii) excluded group: cohorts born in 1947 or later, who were affected by all three 
policies.  

Because cohorts in the third group were affected by the 1989 policy, they are excluded 
from the analysis in order to isolate the effects of the policies announced in 1990 and 
1991. 

Figure 1 – NZS eligibility policies and affected cohorts 

 

Figure 2 shows the age of each cohort in the treatment and control groups by year. 
Appendix Table 1 shows the number of household observations in each of these cohort-
year “cells”. Cohorts born before 1928 are excluded from the control group to ensure that 
each cohort is represented in each survey year, given the sample restriction excluding 
households with heads older than 70 years old. By narrowing the range of birth years, 
excluding older cohorts from the control group also reduces the potential for bias relating 
to any nontreatment-factors that affected different cohorts differently.  

The treatment is defined as taking effect from the National Party’s June 1990 
announcement that, if elected, it would increase the NZS eligibility age. This 
announcement was close to coinciding with the commencement of the 1991 HES survey 
(in April 1990), so the before/after demarcation is set between the 1990 and 1991 
surveys. 
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Figure 2 – Control and treatment group cohorts: age by survey year 

 

Diagonal line indicates the age at which each cohort is eligible for NZS. 

Cohorts born between 1933 and 1936 faced transitional NZS eligibility ages of between 
61 and 65 years old, while later-born cohorts in the treatment group all became eligible for 
NZS at 65 years old. To capture these differences in treatment intensity, the treatment is 
defined as the mean number of additional years that each treated cohort had to wait 
before being eligible for NZS, ie, new eligibility age – 60.

12
 The official schedule for the rise 

in the eligibility age and the corresponding treatment definitions for each cohort in the 
treatment group are shown in Table 1.

13
   

 

Table 1 – Official NZS eligibility ages and the treatment variable 

Scheduled increase in NZ eligibility age Definition of treatment variable 

Birth date 
(quarter ending) 

NZS age of 
eligibility 

Year of NZS 
receipt HES cohort NZS average 

eligibility  age 
Treatment 
variable 

Mar-1932 60 1992 1932 and earlier 60 0 

Jun-1932 61 1993 1933 61.375 1.375 

Jun-1933 62 1995 1934 62.375 2.375 

Jun-1934 63 1997 1935 63.375 3.375 

Jun-1935 64 1999 1936 64.375 4.375 

Jun-1936 65 2001 1937 and later 65 5 

                                                                 
12 Treatment intensity could alternatively be defined as the change in the discounted value of future NZS payments. However, 
because of the tax surcharge at place at the time, this would require estimating each household’s future non-NZS income, in addition 
to their life expectancies. Such estimation would likely introduce more error into the treatment intensity variable, so the simpler 
definition is used. 
13 A more precise definition would set the treatment effect in 1990 differently using the eligibility age proposed in the National Party’s 
1990 announcement. This definition has an immaterial effect on the results and is excluded for presentational clarity. 

Before Year

Cohort 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

1928 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70

1929 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69

1930 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68

1931 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67

1932 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66

1933 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65

1934 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64

1935 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

1936 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62

1937 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61

1938 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

1939 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59

1940 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58

1941 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57

1942 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56

1943 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

1944 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

1945 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

1946 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

After
C

ontrol group
Transition

group
Treatm

entgroup



 

W P  1 4 / 2 1  |  
T h e  E f f e c t  o f  P u b l i c  P e n s i o n  E l i g i b i l i t y  A g e  o n  H o u s e h o l d  
S a v i n g :  E v i d e n c e  f r o m  a  N e w  Z e a l a n d  N a t u r a l  E x p e r i m e n t  

8
 

Most of the analysis uses the full data set from 1984 to 1998, giving seven survey years in 
the pre-treatment period and eight years in the treatment period. The analysis is 
completed on this long sample period to ensure a high degree of age overlap between the 
control and treatment groups, which allows age to be controlled for as discussed in the 
next section. The disadvantage of using a longer sample period is that it increases the 
possibility of the common trends assumption being violated, because there is higher 
chance that other policy or macroeconomic changes occur within the sample period that 
affect the treatment and control groups differently. These potential biases are explored in 
Section 5.3 and are found to have little impact on the results. 

4 .2  The d i f ference- in-d i f ferences regress ion model   
Because different cohorts are at different ages in each survey period, it is necessary to 
control for the effect of age to account for life-cycle patterns in behaviour. This is done by 
implementing the difference-in-differences estimation in a regression framework with age 
included as an explanatory variable. Dummy variables for year are included to control for 
macroeconomic shocks and to improve the efficiency of the estimation. Similarly, cohort 
dummies are included to control for differences in behaviour between cohorts. However 
because the treatment itself is defined by cohort, it is possible for cohort dummies to 
capture part of the treatment effect and thereby bias estimates downward. The collinearity 
between age, cohort and year prevents year and cohort variables being included in the 
same regression with age, so these two sets of dummy variables are included 
alternately.

14
 Formally, the estimated difference-in-differences regression model is as 

follows:  

௧ݏ
௖ ൌ∝ ൅݂ሺܽ݃݁௧

௖ሻ ൅ ௖ݐܽ݁ݎଵܶߚ	 ൅ ௧ݎ݁ݐ݂ܣଶߚ ൅ ௖ݐܽ݁ݎଷሺܶߚ ൈ ௧ሻ൅ݎ݁ݐ݂ܣ ௧ܦଵߣ ൅ ௖ܦଶߣ 	൅ ௧ݑ	
௖,  (3) 

 

where: 

௧ݏ
௖ = the saving rate of cohort c in year t, replaced by variables for 

disposable income ܻܦ௧
௖, expenditure ܥ௧

௖ and labour supply ܵܮ௧
௖  

for the specifications presented in Section 6; 

݂ሺܽ݃݁௧
௖ሻ = a function representing a quadratic in age

15
; 

 ;௖ = the treatment variable, as defined in Table 1ݐܽ݁ݎܶ

 ௧ = a dummy variable equal to one for years 1991 to 1998, and zeroݎ݁ݐ݂ܣ
otherwise; 

 ;௧ = a vector of year dummiesܦ

 ;௖ = a vector of cohort dummiesܦ

                                                                 
14 Methods have been developed to identify age, cohort and year effects using additional assumptions, such as those used in Vink 
(2014). These methods cannot be used in this context over the full sample period because treatment status varies only by cohort. The 
possibility of estimating age and cohort effects using pre-treatment data to apply over the full sample is also ruled out by the short pre-
treatment period available.  
15 For the saving, income and expenditure estimations, an age quadratic is preferred to a set of age dummy variables for the purposes 
of parsimony and presentational clarity. Replacing the age quadratic with dummy variables does not alter the key findings. However, 
age dummy variables are used for estimating labour supply effects to capture the (larger) discontinuities in labour supply at the age of 
retirement. 

Included alternately 
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 ଵ = the estimated difference between the treatment and controlߚ
groups that is constant over time; 

 ଶ = the estimated post-treatment effect that is common to both theߚ
treatment and control groups; 

 ଷ = the difference-in-differences estimator of the treatment effect, ieߚ
the average effect on the saving rate over the treatment period 
effect of each additional year added to the eligibility age;    

 ;ଵ = a vector of estimated year effectsߣ

 ଶ = a vector of estimated cohort effects; andߣ

௧ݑ
௖ = the residual. 

By including variables to control for age, year and/or cohort, it is assumed that the effect 
of birth cohort does not vary with time or age, the effect of age does not vary with time or 
cohort, and the effect of time does not vary by age or cohort (the common trends 
assumption). The validity of the common trends assumption can be examined in both the 
pre-treatment and treatment periods as discussed in the following two subsections.  

 
4 .3  The common t rend assumpt ion:  tes ts  in  the pre-

t reatment  per iod 
The presence of any difference in time trends in the pre-treatment period between the 
treatment and control group would raise significant concerns about the validity of the 
difference-in-differences results. Two standard robustness or “falsification” tests are used 
in the literature to test the common trends assumption over the pre-treatment period. The 
first attempts to directly estimate any difference in trends with the following regression 
model

16
:  

௧ݏ
௖ ൌ∝ ൅݂ሺܽ݃݁௧

௖ሻ ൅ γଵ݀݊݁ݎݐ ൅ ݐܽ݁ݎଶሺܶߛ ൈ ሻ݀݊݁ݎݐ ൅ ௧ݑ
௖; ݐ ൏ 1991 (4)

where ݀݊݁ݎݐ is a time trend variable and ሺܶݐܽ݁ݎ ൈ  ሻ is a variable that interacts the݀݊݁ݎݐ
time trend with the treatment variable. The coefficient ߛଵ captures any trend that is 
common to the treatment and control groups, while ߛଶ captures any difference in time 
trends between the two groups. If the common trends assumption is valid, the estimated 
coefficient of ߛଶ should be close to zero and statistically insignificant. 

The second test estimates the model using a “placebo” treatment. This involves re-
estimating the difference-in-differences model over the pre-treatment period, but with the 
assumption that the treatment took effect at an earlier date. Since this treatment precedes 
the announcement of the policy change investigated, the difference-in-difference estimator 
should be statistically insignificant and close to zero.  

Two separate placebo treatments are considered. In both cases the policy announcement 
is assumed to occur in 1987, which is the mid-point of the pre-treatment period. In the first 
case, the placebo policy is the same as the actual policy, so that the only difference is the 
timing of the announcement. In the second case, the same increase in the eligibility age is 
assumed to occur, but beginning four years earlier in 1988.  

                                                                 
16 The dependent variable in Equations 4 to 6 is shown as the cohort saving rate, however the same models are used with income, 
expenditure and labour supply as the independent variables. 
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4 .4  Adding in teract ion terms to  the model  
A further check on the validity of the common trends assumption involves interacting the 
treatment effect with the year dummy variables to provide an estimate of the policy effect 
by year, as shown by Equation 5: 

௧ݏ
௖ ൌ∝ ൅݂ሺܽ݃݁௧

௖ሻ ൅	 ௖ݐܽ݁ݎଵܶߚ	 ൅ ௖ݐܽ݁ݎଷሺܶߚ ൈ ௧ݎ݁ݐ݂ܣ ൈ ௧ሻܦ ൅ ௧ܦଵߣ ൅ ௧ݑ
௖, (5)

where βଷ is a vector of coefficients capturing the treatment effect in each of the post-

treatment years.
17

 Given the hypothesis that the treatment effect should be broadly 
constant over time after controlling for age (and ignoring any adjustment lags), any 
changes in the treatment effect over time could be indicative of some bias in the 
estimation.  

As an additional check, the before/after treatment demarcation (set by the ݎ݁ݐ݂ܣ௧ variable) 
can be set earlier than the actual policy announcement, following Autor (2003). This 
technique tests whether any pre-treatment effects are evident, the existence of which 
would suggest bias in the estimated treatment effects (in the post-treatment period). Of 
particular interest is whether any effects from the 1989 adjustment to the NZS-wage ratio 
may be captured in the treatment effect.  

Interaction terms can also be added to Equation 3 to provide estimates of the treatment 
effect by age, as shown in Equation 6:  

௧ݏ
௖ ൌ∝ ൅	݂ሺܽ݃݁௧

௖ሻ ൅ ௖ݐܽ݁ݎଵܶߚ		 ൅ ௖ݐܽ݁ݎଷሺܶߚ ൈ ௧ݎ݁ݐ݂ܣ ൈ ܾܽ݃݁ܽ݊݀௔ሻ ൅ ௖ܦଵߣ 	൅ ௧ݑ	
௖, (6)

where 	ܾܽ݃݁ܽ݊݀௔ is a set of five-year age band dummies and ߚଷ is a vector of coefficients 
capturing the treatment effect for each age group.

18
 As households age over time, the 

households within each age band will be drawn from earlier cohorts, which may lead to 
bias if the time and age constant cohort effects are nonzero. A vector of cohort dummies 
 .is included in Equation 6 to control for this potential source of bias (௖ܦ)

5  Sav ing  Resu l t s  
This section presents the estimated effects of the increase in the NZS eligibility age on 
saving rates. To provide context for the subsequent regression estimates, Subsection 5.1 
first presents the average saving rates of the treatment and control groups graphically. 
Subsection 5.2 reports difference-in-differences regression results for the average effect 
on saving rates and Subsection 5.3 provides a breakdown of this effect by year, age and 
income quintile. Subsection 5.4 summarises the findings of the preceding subsections and 
considers the effect on the aggregate household saving rate. 

All of the regression results presented are estimated using weighted least squares, with 
the weights equal to the number of household observations in each year-cohort cell. This 
weighting method provides an efficient way of estimating parameters when using cell 
averages by accounting for the greater variance in cells with few observations. 
Additionally, Donald and Lang (2007) show standard errors can be underestimated if 
residuals are correlated within cohort or year. Using tests developed by Silva and Parente 
(2013), the residuals in all the estimated specifications reported in this and the following 
section were found to be correlated within years but not within cohorts. In recognition of 
these test results, the p-values shown in all tables are calculated to be robust to within-
year correlation using the methods of Rogers (1994). 

                                                                 
17 The After  dummy variable is excluded from Equation 5 because of collinearity. 
18 Age bands dummies are used instead of individual age dummies to reduce the volatility of each estimate. 
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5 .1  The raw data  
Figure 3 compares the average saving rates of the treatment group, before and after the 
treatment took effect, with the average saving rates of the control group. Each data point 
represents the mean of the saving rates for all cohorts in the relevant sample group at that 
particular age. To remove some of the volatility in the data, age is defined in two-year 
bands, so that the data point at age 60.5 years old includes cohorts at age 60 and 61 
years old.

19
 Although there are no controls for the effects of time, cohort or treatment 

intensity, the figure shows a “jump” up in the saving rates of the treated group after the 
treatment, which is consistent with the policy having increased the saving rates of affected 
cohorts.  

Figure 3 – Mean saving rates: control group and before- and after- treated groups 
(sample period 1984 to 1998) 

 

5 .2  Average t reatment  e f fec t  
Table 2 provides several estimates of the average treatment effect on the annual saving 
rates of all households in the treatment group.  In the first column, Specification (a) shows 
estimates for Equation 3, excluding year and cohort dummies. The estimated coefficient of 
the difference-in-differences estimator ሺߚଷሻ is positive and statistically significant, 
indicating that each one-year increase in the eligibility age increased the annual saving 
rate of affected households by an average of 2.1 percentage points over the treatment 
period. For households facing an eligibility age of 65 years old, this translates to a 10.5 
percentage point increase in the average annual saving rate.     

Turning to the other variables in Specification (a): the estimated coefficient for ߚଶ suggests 
average saving rates across the whole sample were 4.4 percentage points lower in the 
period following the policy change, after excluding the effects of the treatment and 
controlling for age. The estimated coefficient for ߚଵ is small and not statistically significant, 
suggesting no significant difference between the average saving rates of the treatment 
and control groups (again, excluding treatment effects and controlling for age). Finally, the 
variables for age are both statistically significant and their estimated coefficients are 
consistent with the expected “hump-shape” profile of life-cycle saving behaviour, with 
saving rates peaking around the age of 55.  

                                                                 
19Ages are excluded if they are observed in two or fewer survey years to reduce noise at the ends of each line. 
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Table 2 – Average saving rate effects: regression results (sample period 1984 to 
1998) 

*p<0.1, ** p<0.05, *** p<0.01, p-values are robust to within-year correlation.
 
 

Specifications (b) and (c) include the dummy variables in Equation 3 to account for year or 
cohort effects.

20
 These specifications show similar results to Specification (a), although the 

magnitude of the difference-in-difference estimator is significantly smaller in Specification 
(c) than in the other two specifications. This difference may reflect the fact that the cohort 
dummies in Specification (c) are capturing some of the treatment effect (which is, by 
definition, cohort-related) and/or it may reflect cohort-related bias in the estimates of 
Specifications (a) and (b). The results from Specifications (b) and (c) are therefore best 
interpreted as providing upper and lower bounds of the true effect. 

As robustness checks, two additional specifications were estimated (results not shown). 
The first excluded cohorts that faced transitional NZS eligibility ages (those born between 
1933 and 1936) from the treatment group in Specification (a), as a simple way of checking 
whether the definition of treatment intensity affects the results. Excluding these cohorts 
did not significantly change the estimated average treatment effect. The second check 
collapsed the data into before and after periods following the suggestion of Bertrand, 
Duflo et al (2004), who show that serial correlation in the residuals can lead to 
underestimated standard errors and false inference when using difference-in-difference 
regression.

21
 Collapsing the data involves calculating the saving rate for each cohort in the 

pre-treatment period and the post-treatment period, rather than by year, and re-estimating 
the model with this reduced data set. Estimated treatment effects were still statistically 
significant after collapsing the data. 

                                                                 
20 The after and treatment variables are removed from Specifications (b) and (c) respectively because of collinearity. 
21 Tests for autocorrelation in the cohort saving rates suggested no autocorrelation when age controls were included 

Specification (a) Equation 3 excluding 
year/cohort dummy 

variables 

(b) Equation 3 with 
year dummy 

variables 

(c) Equation 3 with 
cohort dummy 

variables 
Estimated coefficients (p-values)  

   
Age 0.082*** 0.077*** 0.110*** 

 (0.000) (0.001) (0.000) 

Age squared -0.001*** -0.001*** -0.001*** 

 (0.000) (0.001) (0.000) 

Treated group (ߚଵ) 0.001 -0.006 
 

 (0.820) (0.301) 
 

After (ߚଶሻ -0.044* 
 

-0.051* 

 (0.085) 
 

(0.085) 
Difference-in-difference estimator 
of treatment effect (ࢼ૜ሻ 

0.021*** 0.022*** 0.013** 

(0.002) (0.001) (0.027) 

Additional controls 
   

Year effects 
 

Y 
 

Cohort effects 
  

Y 

R squared 0.371 0.434 0.426 

N 285 285 285 
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Table 3 shows results for the three tests of the common trend assumption, outlined in 
Subsection 4.3. For Specification (d), the estimate of γଵ shows that, after accounting for 
age, average saving rates were trending up by 1.2 percentage points each year in both 
the treatment and control groups. The zero (to three decimal places) estimate for γଶ 
indicates no other time trend differences between the treatment and control group over 
the pre-treatment period. This result provides assurance that differential time trends are 
not leading to bias in the results presented in Table 2. Similarly, the placebo regression 
results in Specifications (e) and (f) provide support for the robustness of the central 
results, with the estimated treatment effect, ߚଷ, small and statistically insignificant for both 
specifications, as expected.

22
 

Table 3 – Average saving rate effects: robustness checks over the pre-treatment 
period (1984 to 1990)  

Specification (d) Equation 4: 
difference in trends 

(e) Placebo treatment 
(assumed age increase 

between1992-2001) 

(f) Placebo treatment 
(assumed age increase 

between 1988-1997) 

Estimated coefficients (p-values) 
   

Age 0.053** 0.027 0.030 

 
(0.035) (0.291) (0.261) 

Age squared -0.000* -0.000 -0.000 

 
(0.059) (0.481) (0.420) 

Time trend (γଵሻ 0.012** 
  

 
(0.030) 

  
Treatment x Time trend (઻૛ሻ 0.000 

  

 
(0.975) 

  
Treated group (ߚଵ) 

 
0.022 0.021 

  
(0.359) (0.436) 

After (ߚଶሻ 
 

-0.004 -0.001 

  
(0.677) (0.550) 

Difference-in-difference estimator 
of placebo effect (ࢼ૜ሻ 

 
0.009 0.005 

 
(0.290) (0.716) 

R squared 0.345 0.399 0.399 

N 133 133 133 

*p<0.1, ** p<0.05, *** p<0.01, p-values are robust to within-year correlation. 

5 .3  Breakdown of  e f fec ts  by year ,  age,  and income 
quin t i le  

5 . 3 . 1  T r e a t m e n t  e f f e c t s  b y  y e a r  

Figure 4 shows estimated treatment effects by year for Equation 5, along with 95 per cent 
confidence intervals. Each point estimate corresponds to an estimated coefficient in the 
vector ߚଷ. The treatment is defined as taking effect from the 1989 survey, two years earlier 
than the policy announcement, to check for any potential sources of bias immediately prior 

                                                                 
22 Differences in the age variable coefficients compared with Specifications (a), (b) and (c) reflect the shorter age range in the pre-
treatment sample.The results (not presented) were not sensitive to the inclusion of year or cohort dummy variables. 
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to the treatment.  The estimates in Figure 4 do not suggest significant pre-treatment 
effects, with the estimated coefficients close to zero in both 1989 and 1990. These results 
suggest the decrease in the NZS-wage ratio announced in 1989 had a similar effect on 
both the treatment and control groups and is therefore not biasing the estimated treatment 
effects.  

Figure 4 – Saving rates: estimated treatment effects by year (sample period 1984 to 
1998) 

 

The treatment effect is immediately evident in first year after the policy announcement, 
with the estimate statistically significant and of a near-constant magnitude across the first 
four years of the treatment period. From 1995 there appears to be a rise in the estimated 
treatment effects. The rise in the effect is most apparent, and statistically significant, in the 
last two years of the sample, notwithstanding some widening in the confidence intervals 
through time (partially reflecting smaller samples in later years). The rise in treatment 
effects may reflect changes in other policies that occurred in that period or the downturn 
associated with the Asian Financial Crisis. These potential sources of bias are explored in 
more detail in the income and expenditure breakdowns discussed in Subsection 6.2. It is 
also possible that the rise in effects over time reflects an increasing treatment effect with 
age, as discussed in the following subsection. Unfortunately it is difficult with the data 
available to separately identify these age and time treatment effects.

23
   

Re-estimating Specifications (a) through (c) with the 1995 to 1998 period excluded from 
the sample results in slightly higher (but not significantly different) estimates to those 
presented in Table 3, suggesting no upward bias from the later years on the overall 
estimated average treatment effect. These estimates over the shorter time period are 
shown in Table 4.  

  

                                                                 
23 The standard approach would be to add additional interaction variables to the difference-in-differences model to separately identify 
the different effects. The linear relationship between age, time and cohort makes estimating such a model impossible. 
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Table 4 – Average saving rate effects: regression results (sample period 1984 to 
1994)  

Specification 

 

 

(g) Equation 3 
excluding year/cohort 
dummy variables 

(h) Equation 3 with 
year dummy variables 

(i) Equation 3 with 
cohort dummy 
variables 

Age  0.044** 0.039* 0.070** 

 (0.046) (0.096) (0.024) 

Age Squared -0.000 -0.000 -0.001** 

 (0.126) (0.206) (0.043) 

Treated group (ߚଵ) 0.008* 0.002  

 (0.062) (0.729)  

After (ߚଶሻ -0.080**  -0.089*** 

(0.010)  (0.007) 

Difference-in-difference estimator 
of treatment effect (ࢼ૜ሻ 

0.026*** 0.027*** 0.020*** 

(0.001) (0.001) (0.001) 

Year effects  Y  

Cohort effects   Y 

R squared 0.424 0.437 0.462 

N  209 209 209 

*p<0.1, ** p<0.05, *** p<0.01, p-values are robust to within-year correlation. 

5 . 3 . 2  T r e a t m e n t  e f f e c t s  b y  a g e  

Figure 5 shows the treatment effects by age of household head, estimated using Equation 
6. The profile of effects appears to increase steadily with age, with estimates of just over 
0.5 percentage point for households with heads aged between 45 and 49 years old and of 
around 2.5 percentage points for households with heads aged between 60 and 64 years 
old. This rising profile could be explained by the fact that younger cohorts could smooth 
their adjustment over a longer time period, whereas older individuals had a shorter time 
period between learning of the policy change and their retirement, and therefore their 
(annual) adjustment was greater. 

There are two main, and possibly offsetting, potential sources of bias in these results. 
First, many of the treated cohorts in the 60 to 64 year old group faced the transitional 
eligibility ages and are therefore receiving NZS in the treatment period. If receiving NZS is 
associated with retirement from the workforce, this would lead to downward bias as 
retirees start dissaving. Second, and in the opposite direction, because most of the older 
age group is observed later in the sample period, the higher treatment effects may reflect 
time-related bias, as noted in the previous subsection. However, of those in the treatment 
group, the 60 to 64 year old age group is least likely to be affected by time-related bias as 
they are closest in age to the control group.  
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Figure 5 – Saving rates: estimated treatment effects by age group (sample period 
1984 to 1998) 

 

5 . 3 . 3  T r e a t m e n t  e f f e c t s  b y  i n c o m e  q u i n t i l e  

As a final breakdown of the results, Figure 6 shows the estimated treatment effect by 
disposable income quintile. These estimates are calculated by running five separate 
regressions analogous to Specification (a), one for each income quintile, with the quintiles 
calculated for each cohort-year cell. The five point estimates in the figure represent the 
estimated coefficient of ߚଷ for each of these regressions.

24
 

The estimated treatment effects for the middle three income quintiles are broadly similar 
at around 3 percentage points, and each is statistically significant at the 5 per cent level. 
The effects on these quintiles are clearly driving the overall average estimate.  

The estimate for the highest income quintile is insignificantly different from zero. This 
estimate is likely to reflect the influence of the tax surcharge, which meant that NZS was 
(or was expected to be) abated away for most of this group while the surcharge was in 
place. The highest-income households were therefore only weakly affected, if at all, by the 
change in the NZS eligibility age.  

The estimate for the lowest income quintile is negative at -1.8 percentage points. The 
confidence intervals are noticeably wider for this estimate than for the other quintiles, 
reflecting greater dispersion in saving rates at lower levels of disposable income. The 
concurrent reduction in welfare benefits is likely to be a confounding factor that is biasing 
the treatment estimate for this quintile. The degree to which the cuts in welfare benefits 
may bias the average treatment effects is limited by the lowest income quintile’s 
proportionally smaller share of total income and expenditure.  Separate income and 
expenditure effects by quintile are examined in Subsection 6.2.  

 
  

                                                                 
24 An important caveat to this approach is that households transition between income quintiles over time, meaning the population 
membership of each cohort-quintile group is not fixed. Unfortunately more stable measures of lifetime income, such as highest 
education qualification, are not available for the full sample. 
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Figure 6 – Saving rates: estimated treatment effects by income quintile (sample 
period 1984 to 1998)  

 
5 .4  Summary and approx imate impact  on aggregate 

sav ing ra tes 
The preceding subsections have provided a range of estimates for the effects on 
household saving rates of an additional year in the NZS eligibility age faced by the 
household head. Estimates of the average treatment effect range from 1.3 to 2.7 
percentage points, depending on the sample period and the control variables used. As the 
midpoint of this range, 2 percentage points is selected as the preferred estimate for the 
average effect. This estimate also represents the lowest of the shorter-period estimates, 
which are less likely to be biased by non-treatment-related factors.  

The effect of increasing the eligibility age on the aggregate household saving rate is 
approximated in a simple way by summing the treatment effect for each cohort weighted 
by their respective treatment intensities and aggregate income shares.  On the basis of 
this calculation, the increase in eligibility age was associated with a lift in the annual 
aggregate household saving rate of around 2.5 percentage points in 1991, with the effect 
decreasing to around 2 percentage points by 1998, as the treatment group ages and 
earns a smaller proportion of total household income.  

There are key two caveats that should be considered when interpreting this 
approximation. First, the calculation only involves cohorts included in the treatment group 
– the effects on younger cohorts are not incorporated, but are likely to be relatively muted 
given the increasing effect by age. Second, Vink (2014) shows there are level and trend 
differences between the HES and HIOA saving rate measures, introducing measurement 
error in HES-based estimates of aggregate saving effects. 

6  Add i t i ona l  Resu l t s  
To help explain the responses in household saving behaviour presented in Section 5, this 
section considers the separate effects of the policy change on real disposable income, 
real expenditure and household labour supply. Subsection 6.1 considers the effect on 
average household income and expenditure and Subsection 6.2 breaks down this effect 
by year, age and income quintile. Subsection 6.3 presents the effect of the policy change 
on household labour supply. 
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The disposable income and expenditure measures used in this section are defined in 
Equation 1, deflated by the consumer price index measure of inflation. The natural log is 
taken of each cohort’s average disposable income and expenditure, so that the treatment 
effect estimates can be interpreted approximately in percentage change terms. 

6 .1  Average income and expendi ture  e f fec ts  
Table 5 provides estimates of the average effect of the treatment on the annual income 
and expenditure of all households in the treatment group. The specifications shown are 
estimated using Equation 3 and are therefore analogous to those shown in Table 3. Taken 
together, the magnitudes of the estimates for each income/expenditure specification pair 
are consistent with the magnitudes of the estimated treatment in the corresponding saving 
rate specifications.

25
  For income, the estimated treatment effects range between an 

approximate increase of 1.3 to 2.4 per cent in annual real household disposable income 
for each additional year added to the NZS eligibility age.

26
 On the other hand, the 

estimated effect on real expenditure is marginally negative but statistically insignificant in 
each specification. These results suggest that the average household saving response 
was generated primarily by increases in income rather than by reductions in expenditure. 

Table 5 – Average income & expenditure effects: regression results (sample period 
1984 to 1998) 

 Real disposable income Real expenditure 

Specification (j) Eq 3 excl 
year/cohort 

dummy 
variables 

(k) Eq 3 with 
year dummy 

variables 

(l) Eq 3 with 
cohort 
dummy 

variables 

(m) Eq 3 excl 
year/cohort 

dummy 
variables 

(n) Eq 3 with 
year dummy 

variables 

(o) Eq 3 with 
cohort 
dummy 

variables 

Age 0.168*** 0.184*** 0.202*** 0.086*** 0.105*** 0.090*** 

 (0.000) (0.000) (0.000) (0.000) (0.000) (0.001) 

Age squared -0.002*** -0.002*** -0.002*** -0.001*** -0.001*** -0.001*** 

 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

Treated group (ߚଵ) -0.124*** -0.110** -0.073**  -0.051 

 (0.005) (0.031) (0.045)  (0.217) 

After (ߚଶሻ 0.001 -0.004 0.000 0.002  

 (0.863) (0.581) (0.997) (0.726)  

Difference-in-
difference 
estimator of 
treatment effect 
 ૜ሻࢼ)

0.024** 

(0.014) 

0.017* 

(0.067) 

0.013 

(0.144) 

-0.001 

(0.918) 

-0.007 

(0.389) 

-0.002 

(0.764) 

Year effects  Y  Y  

Cohort effects  Y   Y 

R squared 0.745 0.764 0.761 0.791 0.822 0.809 

N  285 285 285 285 285 285 

*p<0.1, ** p<0.05, *** p<0.01, p-values are robust to within-year correlation. 

  

                                                                 
25 The small difference between the estimated effects on saving and the residual of the estimated effects on income and expenditure 
result from saving being measured as a rate, while income and expenditure are measured in log terms. 
26 The treatment effect is not statistically significant at the 10 per cent level if cohort dummies are included. 
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Table 6 shows the key results for the three tests of the common trend assumption, 
outlined in Subsection 4.3, for real disposable income. These test results raise some 
concerns about the potential for biases in the results reported in Table 5. In particular, the 
placebo regression estimates for disposable income in Specification (q) is of a similar 
magnitude to those in Table 5. The results for expenditure are less concerning. The full 
set of results relating to Table 6 is contained in the appendix. 

Table 6 – Average income & expenditure effects: robustness checks over the pre-
treatment period (1984 to 1990) 

  
Income   Expenditure  

Specification 
(p) Equation 
4: difference 

in trends 

(q) Placebo 
treatment 

(1992-2001) 

(r) Placebo 
treatment 

(1988-1997) 

(s) Equation 
4: difference 

in trends 

(t) Placebo 
treatment 

(1992-2001) 

(u) Placebo 
treatment 

(1988-1997) 

Treatment x Time 
trend (઻૛ሻ 

-0.000 

(0.119) 
 

 -0.000* 

(0.075) 

  

 
   

Difference-in-
difference estimator 
of placebo effect 
 ૜ሻࢼ)

 0.017 

(0.116) 

0.004* 

(0.078) 

 
0.007 

(0.547) 

0.002 

(0.473) 
 

 

R squared 0.343 0.423 0.424 0.616  0.614 0.614 

N  133 133 133 133 133 133 

*p<0.1, ** p<0.05, *** p<0.01, p-values are robust to within-year correlation. 

6 .2  Breakdown of  income and expendi ture  e f fec ts  by 
year ,  age and income qu in t i le  

6 . 2 . 1  T r e a t m e n t  e f f e c t s  b y  y e a r  

A breakdown of the treatment effects on income and expenditure by year, along with 
growth in GDP household consumption expenditure, is shown in Figure 7. Consistent with 
the corresponding analysis of saving rate effects shown in Figure 4, the treatment is 
defined as taking effect from 1989 and estimated using the model in Equation 5, with each 
point estimate representing one of the estimated coefficients in the vector ߚଷ. Confidence 
intervals are excluded for presentational clarity. The GDP data is included to illustrate the 
possible relationship between the treatment effects and the economic cycle. Such a 
relationship makes sense if income and expenditure for the (younger) treatment group are 
more sensitive to economic developments than the (older) control group, which would be 
explained by higher proportions of the control group having retired from the work force.

27
  

Focussing first on the pre-treatment period, the positive treatment effect in 1990 for both 
income and expenditure is consistent with the concerns raised by the robustness tests 
examined in the previous subsection. Potential explanations for these positive pre-
treatment effects include the Government’s reduction in the NZS-wage ratio in 1989 and 
economic growth over the 1980s. An implication is that the subsequent estimated year 
effects and the estimated average effects shown in Table 5 are likely to be biased 
upwards. This bias suggests the true positive effect on income is lower than estimated, 
and the true negative effect on expenditure is greater than estimated.  

                                                                 
27 Although retirees would still be subject to the effects of fluctuations in wages (through the NZS-wage link) and in investment 
income, they would be unaffected (by definition of retirement) to changes in the economy-wide employment rate. 
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Figure 7 – Income and Expenditure: estimated treatment effects by year (sample 
period 1984 to 1998) 

 

In 1991, the first post-treatment year, the estimated treatment effects are positive and 
negative respectively for income and expenditure (compared with the previous period, 
1990), which is aligned with the positive treatment effect on saving shown in Figure 4. The 
magnitude of the change in the income and expenditure treatment effects is similar 
between 1990 and 1991. This suggests that the treatment effect on saving was caused by 
responses in both the income and expenditure.  

For the following five years, 1992 to 1996, the estimated treatment effects of the two 
measures broadly track the economic cycle in parallel: both decline during the sharp 
economic recession in 1991 (1992 HES year), before rising with the subsequent economic 
recovery. However, in the last two years of the sample, 1997 and 1998, the estimated 
treatment effects diverge, consistent with the rise in the saving estimate in those years. 
This pattern could be explained by policy and/or economic shocks that had different 
effects on the treatment and control groups because of, for example, differences in the 
proportions of each that were receiving NZS and/or in the labour market. These 
differences increased over time and are greatest at the end of the sample period.

28
 

There are three shocks of note that occurred late in the sample. First, and possibly the 
most significant, was the removal of the tax surcharge on NZS. This policy was 
announced in the 1996 Budget, but implemented from April 1997. Anticipation of the 
permanent increase in income resulting from the surcharge removal likely boosted the 
control group’s expenditure in the 1997 HES survey by more than it did for the younger 
treatment group, because most households in the treatment group had to wait longer 
before they would benefit. The actual surcharge removal in survey year 1998 then directly 
increased the control group’s (current) disposable income compared with the treatment 
group. Such effects are consistent with the observed drop in the expenditure treatment 
effect in 1997 and the subsequent drop in the disposable income treatment effect in 1998. 
Second, income tax reductions implemented in 1996 (affecting HES surveys from 1997) 
would have boosted the disposable income (and expenditure, but to a lesser extent if 

                                                                 
28 By 1997, all of the households in the control group were eligible for NZS, and they were working an average of 7 hours per week. 
This, compares with only two (of fifteen) cohorts eligible for NZS in the treatment group, in which households were working an average 
of 50 hours per week.   
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some of the tax cut was saved) of the treatment group compared with the control group. 
Finally, the recession of 1997/98 is also likely to have had greater effects on the treatment 
than control group. 

An important question is whether the differing effects on income and expenditure over 
time undermine the reliability of the saving estimates. The divergence in income and 
expenditure treatment effects for 1997 and 1998 does indicate that estimates for those 
years should be viewed with caution. However, the parallel movement of the income and 
expenditure effects over the earlier treatment years suggests that the corresponding 
saving estimates are valid.  

6 . 2 . 2  T r e a t m e n t  e f f e c t s  b y  a g e  

Figure 8 shows treatment effects by age for income and expenditure, estimated using 
Equation 6.  The pattern of effects is in line with the corresponding estimates for saving 
rates by age presented in Subsection 5.3.2.  The estimated treatment effects on income 
for the oldest age group are perhaps the most striking of these results, with income 
increasing by approximately 17.5 per cent for households with heads facing an eligibility 
age of 65 years old. For most households in this group (those not affected by the tax 
surcharge), the increase in NZS eligibility age represented a direct loss in current income 
(rather than expected future income) compared with those of a similar age in the control 
group. The large positive treatment effect on income therefore implies these households 
more than offset their loss of NZS income with additional earned income. Furthermore, as 
noted in Subsection 5.3.2, the estimates for this age group are least likely to be affected 
by any positive bias from differential economic or policy effects, given they are closest in 
age to the control group. Subsection 6.3 considers what might be driving this result by 
examining changes in labour supply. 

Figure 8 – Income and expenditure: estimated treatment effects by age (sample 
period 1984 to 1998) 
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6 . 2 . 3  T r e a t m e n t  e f f e c t s  a c r o s s  t h e  i n c o m e  d i s t r i b u t i o n  

Estimated treatment effects for income and expenditure by disposable income quintile are 
shown in Figure 9. Again, the pattern of effects is in line with the corresponding estimates 
for saving rates by income quintile presented in Section 5.3.3. The likelihood of an upward 
bias in the estimates caused by economic growth helps to explain the positive point 
estimates for expenditure for the upper quintiles, which would otherwise appear 
anomalous. The negative estimates for the lowest quintile likely reflect the direct effects of 
the loss of current income from NZS for households in the 60 to 65 year old age group 
and from the 1991 benefit cuts.  

Figure 9 – Income and expenditure: estimated treatment effects across the income 
distribution (sample period 1984 to 1998) 

 

6 .3  Labour  supply  e f fec ts  
This subsection uses the HES measure of average weekly hours worked totalled for all 
members of the household to provide greater insight into the treatment effects on income. 
Like the other dependent variables, the average hours worked measure is calculated for 
each cohort in each year. The focus of the section is on the breakdown of treatment 
effects over time and by age, which are estimated using Equations 5 and 6 respectively.

29
 

Results for the three tests of the common trends assumption, outlined in Subsection 4.3, 
do not raise concerns about potential biases and are included in Appendix B. 

6 . 3 . 1  T r e a t m e n t  e f f e c t s  b y  y e a r   

Figure 10 shows treatment effects for labour supply by year, estimated using Equation 5, 
with the treatment defined as taking effect from the 1989 survey. The pattern of estimated 
effects is very similar to the corresponding pattern for income in Figure 7. This similarity 
suggests that a change in hours worked drove the observed income effects and supports 
the argument that the estimated income and expenditure effects are influenced by the 
economic cycle.  The continuing rise in the labour supply treatment effects later in the 

                                                                 
29 One difference from these equations is the use of dummy variables to control for age, rather than an age quadratic (which are 
employed in the rest of this paper). Although the inclusion of dummy variables reduces degrees of freedom (and thereby the statistical 
significance of the estimates presented), an age quadratic is not well suited to capturing the discontinuities in the life-cycle patterns of 
labour force participation.  
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sample (1997 and 1998) is the one main difference with the pattern of income effects. 
This may have been caused by the removal of the NZS tax surcharge. The removal would 
have directly increased the control group’s total current disposable income (reducing the 
estimated income treatment effect). However, it probably only had a minor impact on the 
control group’s labour supply because household heads in the group were aged between 
65 and 69 by 1997, and many would have already withdrawn permanently from the labour 
market.  

Figure 10 – Average weekly hours worked: estimated treatment effects by year 
(sample period 1984 to 1998) 

 

6 . 3 . 2  T r e a t m e n t  e f f e c t s  b y  a g e  

The estimated treatment effects on labour supply by age of household head are shown in 
Figure 11. The effects show a marked increase with age. Moreover, as discussed in the 
previous two subsections covering to age-specific effects, any bias in the age estimates 
are likely to be lowest for the oldest cohorts in the treatment group.  

The estimated average increase of approximately three hours per week for households 
headed by 60 to 64 year olds corresponds to an approximate 15 per cent increase in 
labour supply for each additional year of NZS eligibility. This represents a total increase in 
labour supply of 75 per cent for cohorts that faced an eligibility age of 65 years old.  
Although these estimates may appear high, their magnitude is consistent with the 
corresponding estimated treatment effect for income of around 17.5 percent, which 
reflects additional income earned over and above what was required to offset the direct 
losses of NZS. The labour supply estimate is also in line with the findings of Hurnard 
(2005) who found that the rate of labour force participation (not hours) for 60 to 64 year 
olds approximately doubled as a result of the increase in the NZS eligibility age.

30
 

 

 

  

                                                                 
30 Hurnard (2005) does not explicitly state this result, which was derived from his separate estimates for males and females. 
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Figure 11 – Average weekly hours worked: estimated treatment effects by age 
(sample period 1984 to 1998) 

 
The question remains as to why older households appear to have worked by more than 
was required to offset their loss in NZS income. Two potential explanations relate to the 
presence of “frictions” in the labour market. First, households may not have been able to 
optimally choose their preferred number of hours worked, for example because of a lack 
of part-time work opportunities. Second, social norms may have encouraged workers to 
retire at the point they became eligible for NZS, rather than at the optimal time from an 
economic perspective.  

7  Sens i t i v i t y  Ana lyses  
This section presents sensitivity analyses relating to the average saving results presented 
in Subsection 5.2. Subsection 7.1 uses an alternative, economic, measure of saving. 
Subsection 7.2 undertakes the analysis at the household level, rather than the cohort 
level, which allows for the inclusion of household level demographics. 

7 .1  An a l ternat ive measure o f  sav ing 
The main measure of saving used in this paper corresponds closely to the HIOA measure 
of saving as outlined in Subsection 2.2. However, other saving definitions may be 
preferable from an economic perspective. In this section, the difference-in-difference 
regression model of Equation 3 is re-estimated using an alternative measure of saving 
that is better aligned with economic concepts. There are two main adjustments. First, 
spending on items that provide consumption benefits over more than a year (such as 
consumer durable goods, capital goods, education and healthcare services) is classified 
as saving rather than expenditure. Second, the inflation components of interest income 
and interest expenses are removed from income and expenditure respectively. This 
adjustment accounts for the fact that inflation reduces the real value of borrowed principal. 
The inflation component of interest is compensation for this reduction and not an actual 
income or expense.

31
  

                                                                 
31  Gorman, Scobie et al (2013) show that these adjustments have significant effects on the trend and level of aggregate measures of 
saving. 
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Table 7 shows the results from re-estimating the difference-in-difference regression model 
of Equation 3 using this economic measure of saving as the dependent variable. 
Specification (a) from Table 3 is also reproduced for comparison. Estimates using the two 
alternative measures of saving are almost identical, demonstrating that the results are not 
particular to the choice of saving measure. Results are similar if cohort or year dummies 
are included. 

Table 7 – Average saving rate effects with alternative saving rate measure: 
regression results (sample period 1984 to 1998)  

Specification (a) Equation 3 with HIOA-comparable 
saving measure  excluding year/cohort 

dummy variables 

(s) Equation 3 with economic 
saving measure excluding 

year/cohort dummy variables 
Age 0.082*** 0.070*** 

 (0.000) (0.000) 

Age squared -0.001*** -0.001*** 

 (0.000) (0.000) 

Treated group (ߚଵ) 0.001 -0.001 

 (0.820) (0.905) 

After (ߚଶሻ -0.044* -0.046** 

 (0.085) (0.032) 

Difference-in-difference estimator 
of treatment effect (ࢼ૜ሻ 

0.021*** 0.021*** 

(0.002) (0.004) 

R squared 0.321 0.383 

N 285 285 

*p<0.1, ** p<0.05, *** p<0.01, p-values are robust to within-year correlation. 

7 .2  Sav ing measured at  the household  leve l  
The analysis in this paper has been based on saving rates measured at the cohort level. 
The main advantage of this method is that it minimises the influence of measurement 
errors and outliers. However, it does not allow for the consideration of differences in 
characteristics at the household level, which may have an influence on a household’s 
saving rate. If these characteristics – such as family structure - vary across cohorts and/or 
across time, they may introduce bias into the treatment effect estimates. 

This section repeats the analysis presented in Table 2 (with the same HIOA-comparable 
saving definition), but uses saving rates calculated at the household level as the dependent 
variable. To minimise the effect of outliers and measurement error, the estimation is 
undertaken using quantile regression at the median.

32
 The model is also estimated with the 

inclusion of dummy variables to control for the following household characteristics:  gender 
of household head; whether the household head is of Maori or Pacific Island ethnicity; 
whether the household is renting, has a mortgage, or is rent and mortgage free; and 
whether the household head is a single parent or partnered with children. 

Table 8 shows the results from the household-level estimations. Household characteristics 
are excluded from Specification (u) but included in (v). Again, Specification (a) from Table 3 
is reproduced for comparison. The estimated effect of the policy change in both 
specifications using household-level data is not significantly different from the estimate 
                                                                 
32 P-values are calculated taking into account error clustering by year using the methods of Machado, Parente et al (2012).  
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using cohort averages. These results provide assurance that the results are not particular to 
the measurement of saving at the cohort level, or biased by differences in the demographic 
composition of the sample. Results are similar if cohort or year dummies are included.     

Table 8 – Average saving rate effects using household-level data: regression 
results (sample period 1984 to 1998) 

Specification (a) Equation 3 cohort 
level, excl year/cohort 

dummy variables 

(t) Equation 3 household 
level excl demographics 
and year/cohort dummy 

variables 

(u) Equation 3 household 
level with demographics 
excl year/cohort dummy 

variables 
Age 0.070*** 0.047*** 0.045*** 

 (0.000) (0.000) (0.000) 

Age squared -0.001*** -0.000*** -0.000*** 

 (0.000) (0.000) (0.002) 

Treated group (ߚଵ) -0.001 -0.061** -0.053* 

 (0.905) (0.043) (0.059) 

After (ߚଶሻ -0.046** -0.001 -0.001 

 (0.032) (0.750) (0.797) 

Difference-in-difference 
estimator of treatment 
effect (ࢼ૜ሻ 

0.021*** 0.018*** 0.017*** 

(0.004) (0.002) (0.005) 

Household Level  Y Y 

Demographics   Y 

R squared 0.321 0.003 0.006 

N 285 13263 13263 

*p<0.1, ** p<0.05, *** p<0.01, p-values are robust to within-year correlation. 

8  Conc lus ion  

This paper has assessed the effects of the last increase in the NZS eligibility age, from 60 
to 65 years old, on household saving rates using difference-in-differences regression 
analysis. The analysis suggests the policy change caused an average increase in 
household saving rates of around 2 percentage points for each additional year added to 
the eligibility age faced by the household head. For households facing an eligibility age of 
65 years old, this translates to a 10 percentage point increase in the average annual 
saving rate. The impact of the policy change on saving rates is evident from the first year 
after its announcement in 1990, and it appears to have been greatest on older and 
middle-income households. These results are generally robust to a variety of sensitivity 
and falsification tests. 

The findings for saving rates are validated by the estimated effects of the policy change 
on disposable income, expenditure, and labour supply, although the findings for income 
and expenditure are less robust than for saving rates. Disposable income and labour 
supply are found to have increased as a result of the policy change, while the effect on 
expenditure is negative. The positive effects on disposable income and labour supply are, 
again, greatest for older households.  

The positive income effect on households with heads in the 60 to 64 year-old age group is 
particularly interesting, given it reflects additional income earned over and above that 
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required to offset the direct loss of NZS income resulting from the policy change. This 
“overcompensation” in income is corroborated by a corresponding large (approximately 15 
per cent) increase in these households’ labour supply for each additional year in the NZS 
eligibility age faced. Labour market frictions, such as a lack of part-time work 
opportunities, provide one plausible explanation for the apparent excess sensitivity of 
labour supply and income to the policy change.  

The results suggest the lift in the eligibility age led to an initial increase in the aggregate 
household saving rate of around 2.5 percentage points, declining to around 2 percentage 
points by 1998. To what extent would future reductions in the generosity of NZS lead to 
similar changes in aggregate household saving rates? The absence of a tax surcharge, an 
income test, is one important difference of NZS today from the scheme in 1990s. All else 
being equal, this difference would likely increase the relative effects of a future reduction 
in the generosity of NZS. Two other important factors relate to the amount of forewarning 
provided and the nature of household expectations. To the extent that any future changes 
are signalled well in advance of implementation, households will have a longer period of 
time to adjust, leading to a smaller increase in annual saving rates. However, if future 
changes are already built into household expectations, the effects on saving will be 
reduced. 
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Append ix  A :  HES Sav ing  Measures  
This appendix provides additional detail relating to HES and the calculation of household 
saving.  

Preferred Saving Measure 

Table 1 provides the expenditure categories and codes relating to the saving measure 
outlined in Subsection 2.2.  

Table 1 – HES expenditure categories used in preferred saving measure calculation 

Category Item reference number codes  

HES total expenditure 0001-7269 

HES contribution to savings 6900-6909 

HES mortgage principal payments 1210-1217 

HES life and health insurance payments 6903 

HES purchases of property 1100-1109, 1538 

HES sale of property 1110-1119 

Alternative saving measure – inflation adjustment 

The inflation adjusted measure of saving used in Subsection 7.1 is calculated as follows. 
In each year the ratio of annual inflation to nominal interest rates is applied to each 
household’s interest payments and receipts to provide “inflation components” of interest 
payments and receipts. The inflation component of interest payments is added to saving 
and deducted from expenditure. The inflation component of interest receipts is deducted 
from saving (and income). The Reserve Bank of New Zealand’s measures of “floating first 
mortgage” and “6-month term deposit” rates are used to approximate the average interest 
rates for interest payments and receipts respectively. 

Alternative saving measure – including investment items 

Table 2 outlines the investment expenditures added to the alternative saving measure 
including investment expenditure described in Subsection 7.1. 

Table 2 – Expenditure items classified as “investment” expenditure   

Category Item reference number codes  

Health 5200 – 5299, 6000-6099  

Education 6200-6299, 6702-6703 

Durable goods 2100-2179, 2200-2339, 

2400-2419, 2500-2519, 

4200-4229 

Building-permit fees 1300 

Office Equipment 5650-5669 

Sales of durable and capital goods 7000-7269 

Other capital goods 1100-1199, ,5506, 

5507 
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Append ix  B :  Add i t i ona l  Tab les  
 

Appendix Table 1 – Sample size of each cohort by year 

Year       

Cohort 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Total 

1928 40 55 55 45 75 50 40 45 45 50 30 35 45 35 25 670 

1929 50 50 50 45 60 35 40 40 35 55 25 30 45 30 35 625 

1930 45 55 40 60 60 45 40 40 45 50 45 35 30 35 25 650 

1931 50 55 50 50 50 45 40 45 40 55 45 35 25 45 35 665 

1932 60 35 40 40 65 50 35 35 40 65 30 30 30 30 30 615 

1933 40 45 50 30 60 45 45 30 35 55 35 35 25 35 25 590 

1934 45 35 35 40 55 40 40 35 40 50 30 35 30 30 35 575 

1935 55 40 30 30 50 45 45 35 30 50 35 35 40 35 30 585 

1936 45 50 55 30 55 35 40 35 35 50 35 40 35 35 35 610 

1937 60 60 50 45 60 40 50 30 35 55 30 35 30 30 30 640 

1938 55 60 45 50 60 40 35 30 30 40 30 40 30 35 50 630 

1939 50 50 55 45 70 40 50 40 40 55 50 35 45 40 25 690 

1940 55 65 65 60 45 60 45 40 35 65 40 45 45 50 35 750 

1941 60 65 50 65 65 45 40 45 40 65 40 40 40 45 45 750 

1942 65 70 50 50 75 55 55 50 45 80 60 45 50 30 35 815 

1943 60 55 45 55 80 65 55 40 45 80 40 40 50 45 45 800 

1944 75 65 70 60 85 40 55 50 55 60 35 40 35 40 45 810 

1945 70 65 65 75 60 55 40 40 50 70 50 40 50 35 50 815 

1946 80 80 60 70 80 65 70 55 55 80 60 45 50 35 65 950 

Total 1060 1060 965 940 1210 905 860 755 780 1130 755 710 730 700 705 13265 

Note: Actual sample sizes rounded to the nearest multiple of five. 
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Appendix Table 2 – Average income effects: robustness checks over the pre-
treatment period (1984 to 1990) 

Specification (m) Eq 4: 
difference 
in trends 

Placebo treatment 
(1992-2001) 

Placebo treatment 
(1988-1997) 

Age 0.201*** 0.152*** 0.156*** 0.179*** 0.147*** 0.152*** 0.174*** 
 (0.000) (0.004) (0.005) (0.002) (0.003) (0.005) (0.003) 
Age squared -0.002*** -0.002*** -0.002*** -0.002*** -0.002*** -0.002*** -0.002*** 
 (0.000) (0.004) (0.006) (0.001) (0.003) (0.006) (0.001) 
Time trend (γଵ) 0.005     

(0.169)     

Treatment x Time 
trend (઻૛ሻ 

-0.000     

(0.119)     

Treated group (βଵ) -0.006 -0.005  -0.001 -0.001  

 (0.505) (0.557)  (0.554) (0.630)  

After (βଶሻ -0.049 -0.026 -0.063  -0.036 

(0.274) (0.571) (0.181)  (0.468) 

Difference-in-
difference estimator 
of placebo effect (઺૜ሻ 

0.017 0.016 0.012 0.004* 0.004 0.003 

(0.116) (0.152) (0.352) (0.078) (0.109) (0.304) 

Year effects Y   Y  

Cohort effects Y   Y 

R squared 0.343 0.423 0.435 0.461 0.424 0.437 0.462 

N  133 133 133 133 133 133 133 
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Appendix Table 3 – Average expenditure effects: robustness checks over the  
pre-treatment period (1984 to 1990) 

Specification (m) Eq 4: 
difference in 

trends 

Placebo treatment 
(1992-2001) 

Placebo treatment 
(1988-1997) 

Age 0.162*** 0.130*** 0.135*** 0.128* 0.123** 0.127** 0.126* 
 (0.000) (0.005) (0.006) (0.080) (0.011) (0.013) (0.084) 
Age squared -0.002*** -0.001*** -0.002*** -0.001** -0.001** -0.001** -0.001** 
 (0.000) (0.005) (0.005) (0.037) (0.010) (0.013) (0.039) 
Time trend (γଵ) -0.008 

  
    

 (0.200) 
  

    

Treatment x Time 
trend (઻૛ሻ 

-0.000* 
  

    

(0.075) 
  

    

Treated group (βଵ) 
 

-0.003 -0.003  -0.000 0.000  

 
 

(0.789) (0.782)  (0.969) (0.976)  

After (βଶሻ 
 

-0.071 
 

-0.059 -0.083  -0.063 

 
(0.154) 

 
(0.326) (0.139)  (0.318) 

Difference-in-
difference estimator 
of placebo effect (઺૜ሻ 

 
0.007 0.007 0.007 0.002 0.002 0.002 

 
(0.547) (0.603) (0.678) (0.473) (0.518) (0.664) 

Year effects   
Y   Y  

Cohort effects    
Y   Y 

R squared 0.616 0.614 0.655 0.657 0.614 0.656 0.657 

N  133 133 133 133 133 133 133 
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Appendix Table 4 – Labour supply effects: robustness checks over the pre-
treatment period (1984 to1990) 

Specification (m) Eq 4: 
difference 
in trends 

Placebo treatment 

(1992-2001) 

Placebo treatment 

(1988-1997) 

Time trend (γଵ) -1.625* 
  

    

 (0.073) 
  

    

Treatment x Time 
trend (઻૛ሻ 

-0.000     

(0.998)     

Treated group (βଵ) -1.543** -0.414  -0.409** -0.108  

 (0.042) (0.600)  (0.025) (0.579)  

After (βଶሻ -3.971 0.424 -3.006  0.156 

(0.194) (0.917) (0.405)  (0.971) 

Difference-in-
difference estimator 
of placebo effect (઺૜ሻ 

0.217 0.748 0.701 0.013 0.159 0.151 

(0.822) (0.480) (0.630) (0.953) (0.520) (0.623) 

Year effects Y   Y  

Cohort effects Y   Y 

R squared 0.817 0.863 0.857 0.819 0.863 0.857 0.817 

N 133 133 133 133 133 133 133 
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