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This finding has important theoretical as well as policy implications, the latter of which 

will be discussed later (see below 15.2.2). A major theoretical implication is that 

detenninistic views about the future of population health may be unrealistic. Above all 

the assumption that improved survivorship will be accompanied by longer periods of 

illness and a decreased quality of life must be refined and nuanced. There may be 

increased durations of illness overall, but this thesis shows that the duration of severe 

illness for surviving members of cohorts may well remain the same or decrease - that is 

that more of the remaining years of life will be spent outside hospital than was true in the 

past. Of course, this may be occasioned by resort to chemo-therapeutics and other bio­

medical procedures. But arguably, it is better (that is, there is an improved quality of life) 

to be in a non-institutional setting, albeit with a major illness held at bay and not "cured", 

than to be hospitalised, and thus, by definition, dependent. 

The issue of compression of mortality was investigated in this thesis first from the 

viewpoint of a period phenomenon between 1971 and 1996. A more rigorous definition 

of the concept was formulated so that its objective measurement could be made possible, 

including two empirical measures developed by the present author. It was found that, 

when mortality at all ages was considered, mortality compression was occurring among 

non-Maori. Focusing at ages 65 years and over, on what is mainly chronic diseases 

mortality, survivorship patterns were seem to be changing in rather complex ways. The 

momentum of mortality reductions generally persisted to the very old ages, thus 

stretching the tail of the survival curve. The resultant trend was a simultaneous mortality 

compression in a more relaxed relative sense and expansion in a more robust absolute 

sense. This finding indicates that life expectancy has yet to reach its biological limits. 

Further improvements in survivorship at the very old ages can be realistically expected 

before eventual absolute compression takes place. 

A cohort analysis of observed mortality and morbidity patterns and trends was carried 

out in the present study. This was done by way of constructing mortality histories by 

birth cohort and comparing inter-cohort trends. Because of the lack of availability of 

morbidity data and the quality of those available data, the construction of morbidity 

profiles by cohort was generally not possible. 
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Patterns observed in inter-cohort mortality trends suggest that a strong cohort effect was 

operating among cohorts born before the tum of the twentieth century. An inverse 

selection effect was detected among these cohorts in which significantly improved 

survivorship at younger ages was off-set by mortality fluctuations at late adult ages. A 

synthesis carried out in the latter part of the thesis, correlating survivorship changes at 

younger ages with those at middle to late adult ages, further highlighted this inverse 

selection effect for both genders. The same analysis identified the fact that reduced 

communicable disease risks at infancy and early childhood were strongly related to 

increased chronic respiratory mortality risks at older ages. For these earlier cohorts, 

exposure to the risk of communicable diseases at younger ages was found to be a key 

determinant of cohort heterogeneity at older ages. 

The issue of mortality compression at older ages was investigated in this thesis also from 

a cohort perspective, using as a basis an analysis at 65 years and over. Relative 

compression effects observed in this thesis using synthetic data were generally not 

supported by cohort data. Instead, mortality expansion was the more dominant feature in 

non-Maori cohort mortality trends. This is because inter-cohort survivorship 

improvements so far at older ages have been concentrated at more advanced ages, giving 

rise to a more widely stretched tail of the survival curve. However, it was also 

discovered that some important baselines have been laid for mortality compression, in 

that the momentum of mortality reductions, which had started from the very old ages had 

progressively spread with successive birth cohorts to less advanced ages. The effect will 

be to shift the majority of deaths, instead of an extreme minority, to an even older age, 

and produce relative compression in the process. This inference of future mortality 

development was then used to prepare projections of non-Maori mortality changes by 

cohorts between 1996 and 2026. 

15.2 Policy Implications of Future Evolution of Population Health 

For population health research to be effective it must have direct applied values in the 

social policy arena, the medium by which issues affecting the wider population can be 

addressed. The rest of this chapter takes a prospective stand-point, focusing on the 
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implications for the formulation of future health and related social policies in response to 

the various issues identified earlier in the present study. 

The discussion is organised into five sub-sections. Substantive issues raised in the earlier 

chapters are, however, not necessarily confined to any particular one of these themes. 

The first four sub-sections deal with central themes emerged from the key findings of this 

thesis and their implications for the health and the wider social sectors. Although these 

emerging issues are discussed separately, their close inter-relationships must be stressed. 

The fifth sub-section outlines a research agenda for these issues. 

15.2.1 Future Mortality Changes and Population Dynamics 

As a central theme of this thesis, a major inference of future non-Maori mortality changes 

from the study of mortality compression is that future increases in life expectancy at birth 

can be realistically expected. However, what is also clear from the heated theoretical 

debate on the compression of mortality is that the rapid increase in life expectancy enjoyed by 

many developed countries may not continue at its current pace. Both of these conclusions are 

certainly substantiated by the results of cohort-based mortality projections of non-Maori in 

the last chapter (Fourteen). Projected life expectancy at age 65 years measured in 

synthetic life tables is expected to increase at a slowly decelerating pace (see Table 14.2). 

The realisation that we may not yet be on the fringe of the limits to life expectancy has 

important implications for future policy setting. Though reductions in old age mortality will 

have an increasingly minimal effect, from an analytical point of view, on life expectancy at 

birth, their possible impacts on population health dynamics need to be carefully assessed. This 

is because the base number in any cohort surviving to middle or older adult ages is now very 

large, so that even a small improvement in survivorship at older ages will produce a 

significant increase in the expected size of future older populations. Because of what is 

essentially a size effect, increases in life expectancy at more advanced ages can be 

expected to be accompanied by concomitant shifts in patterns of social expenditure on 

the older populations. The economic and social implications of further reductions in old 

age mortality cannot therefore be underestimated. Policy decisions on service provision, 
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capital and infrastructure investments being made today will have implications for health 

programmes well into the twenty-first century, yet these tough decisions have to be 

undertaken now. 

Some valuable lessons can be drawn from the past. An overly conservative outlook on 

mortality changes during the mid 1950s to the early 1970s, under a climate of stagnated 

life expectancy trends, was guided by a belief in a fixed life expectancy, and directly 

contributed to under-development of community-based home health care and prevention 

strategies for chronic disease which were viewed as "natural" concomitants of ageing 

(Manton, 1991). An even more prominent example was provided by the systematic 

under-estimates in projections of the United States population which later led to dramatic 

changes in tax policy and policies on eligibility for Social Security, in order to ensure 

solvency of the Social Security system. 

Underlining these policy concerns is the role of mortality in an ageing population. The 

issue of population ageing was introduced in this thesis at the very start in Chapter One. 

This is also an issue currently attracting very strong interest from other quarters 

including policy, for its ramifications are long lasting. The ageing of the non-Maori 

population in New Zealand, a major driving force of demographic changes in the early 

twenty-first century, is, however, not a simple monotonic process (Pool, 1999a). This is 

because for this population the process does not follow a simple progression towards 

ageing, the end point of change, albeit the factor which tends to capture the attention of 

politicians. Instead, the process is significantly influenced by population waves created by 

what are termed "disordered cohort flow" (Rowland, 1996). As identified in earlier 

chapters, population ageing is largely a function of levels of fertility, which was most 

vividly demonstrated by the ''baby boomer" cohorts, but also by the return to 

replacement levels around 1990. 

Mortality, on the other hand, operates as an important mechanism regulating the size of 

the flow of these "disordered cohorts". Given the current low levels of mortality at most 

ages, this factor is generally less important than birth cohort sizes which, in any case, 

were determined by fertility trends far back in the twentieth century, well before 

population ageing became a dominating factor for public policy. A more important 
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function of mortality in an ageing population is, however, its selection effect in 

determining the composition of population groups in terms of their susceptibility to ill 

health. The implications of increased heterogeneity among the older population is 

discussed as a major theme below. 

Extending from the idea of rectangularisation of the life table survival curve and the 

ageing of the population, rectangularisation of the populations with low levels of 

mortality is said to be occurring (Levy, 1998). A rectangular population pyramid 

certainly raise some interesting social policy issues in terms of the caring capacity and 

inter-generational relationships. While the demand for health and support services by the 

older populations is likely to increase, the future supply of care givers and caring 

capacity is a function of the changing population dynamics and thus requires thorough 

consideration. Moreover, the supply of care givers cuts across a wide range of 

occupations, from medical specialists to persons giving support for daily living. Adequate 

supplies of these many professions in the future will entail more proactive policies on 

education and training to be in place. Future employment policies, including those on 

issues affecting female participation in the labour force, will also have an impact. 

However, it should be noted that often buried in the ageing population debate is the fact 

that nowadays most of the older people are healthy and continue to be productive and 

caring for themselves into very old age. The younger members of the older population 

often care for the older members of their peer group, and therefore provide the caring 

capacity themselves (Arber, 1996; Pool, 1999b). Viewing the issue of ageing from a 

strictly fiscal perspective tends to overlook the roles and the contributions of the older 

generation to the society, and risks seeing the old as merely being contributors to fiscal 

burden. 

15.2.2 The Compression of Severe Morbidity and the Impacts on Health Services 

A major policy concern in the context of a significant increase in life expectancy at older 

ages in the more recent period is whether or not increases in life expectancy would result 

in poorer overall health for the older population because the individuals living longer will 
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be burdened with co-morbidity. This in tum would mean increased demand for health 

and support services and reductions in quality of life for surviving elderly. But against 

this, results of the analyses presented in this thesis indicate that the majority of the 

population, even at older ages, are expected to stay healthy and independent. Greater 

longevity is not necessarily being accompanied by longer periods of hospitalisation, and 

thus will mean lower demand for services, and a better quality of life. 

Clearly, the pattern of a compression of disability of the most severe forms into a fraction 

of life expectancy and a related compression trend for hospitalisation expectancy over 

the most recent period have major implications for health and support service provisions. 

These implications are heightened by the fact that in many developed countries rationing 

of health resources, especially those for secondary and tertiary services, is gradually 

being brought to the forefront of public debate. In fact, the reduced incidence of 

intensive intervention with advancing ages, as noted in Chapter Five, suggests that high­

cost medical services may already be allocated to the elderly in a more rational manner 

than is generally assumed. The compression of hospitalisation expectancy in the context 

of enhanced longevity may help to shed some valuable insights on this rationing debate 

(see also Section 15.2.3 below on the issue of equity). The period of the entire life span 

that can be expected to be spent in secondary or tertiary hospital care is declining, partly 

reflecting configurational changes in health service provision. Overall, future older 

populations can expect to be healthier than the groups currently at these ages, yet the 

focus of their needs for health and support services is also likely to shift away from 

intensive interventions to one focusing on prevention and care in the community or in 

institutions. 

The issue of community-based preventative care is sustained by results of a synthesis of 

future mortality and morbidity trends carried out in this thesis. This points to a likely 

increase in the duration in states of moderate disability and hence increments in the 

numbers of people affected. Under the most realistic scenario modelled here, at age 65 

years expectation of life with moderate disability has the potential to overtake disability­

free life expectancy as the leading state of health. Longer-term policies with a strong 

community-based health focus aiming at addressing this issue need to be implemented 

soon before this trend eventuates. 
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The compression of severe morbidity and hospitalisation also has implications beyond the 

more immediate purpose of service planning. As part of the underlying arguments of the 

pandemic of morbidity theory (reviewed Chapter Five), it is argued that in the past bio­

medical research resources were disproportionately funnelled into studies on treatment, 

with less going towards disease prevention (Gruenberg, 1977). Though available data in 

New Zealand do not permit an analysis of health expectancies by cause, results from 

overseas studies suggest that the majority of years in which there is loss of independence 

are likely to be accounted for by a relatively limited number of chronic disabling 

conditions, a substantial proportion of which can be prevented or postponed (Khaw, 

1997). Shifts in the policy focus and the concomitant shifts in resources for research and 

development are therefore important. 

For the population as a whole, a greater focus is needed on prevention and health 

maintenance. A social and policy framework which helps individuals to fully realise their 

potential in attaining physical, mental and social well-being is important (Tu, 1999). A 

case in point are those people who were identified in the 1996/97 Disability Surveys as 

having a disability requiring limited assistance (level one disability). Catering for the 

needs of this group of people, estimated to be some 300,000 in numbers ( or 83 per 1,000 

people) in the total population (Health Funding Authority and Ministry of Health, 1998), 

represents a great opportunity for health maintenance and a potential for health gain. 

Though the majority of these people are currently not captured in the health care system, 

policies designed to help them manage their conditions are crucial as preventative 

measures, to ensure that they do not worsen and thus require more support at a greater 

cost. 

15.2.3 The Changing Patterns of Causes of Mortality and Morbidity 

The incidence of non-fatal conditions requiring hospitalisation increased significantly 

over the recent decades and accounted for a disproportionately larger share of hospital 

utilisation trends. In contrast, the causes of mortality became more and more compressed 

into a few major categories, mainly cancers and cardiovascular diseases. 
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These diverging patterns of causes of mortality and causes of morbidity identified in this 

study present major implications for policy makers. The possibility of finding a single 

solution by which to arrest both mortality and morbidity simultaneously seems remote. 

Some forms of prioritisation between enhancing longevity and improving quality of life, 

and the various means by which to achieve these will be required. Indeed, some trade­

offs may have to be made (see Section 15.2.6 for a discussion on health and 

hospitalisation expectancies as an analytical tool in this line of policy research). 

Competing needs for the same health resources will arise between different components 

of various socio-demographic sub-groups, between geographic locations, between 

sufferers from different diseases and conditions, and even between service providers. The 

maintenance of equity, defined in terms of equal access for equal need (Sceats et al, 

1995), will be a central issue for policy makers. Improving and balancing access to health 

services so as to accommodate the changing, and sometimes conflicting patterns of need 

will be an ongoing challenge to the health care system for the years to come. 

The diverging patterns of mortality and morbidity also raise an important question: are 

people more likely to present with less lethal causes than previously (because 

expectations have changed), or will it be more typical that they survive and, indeed, 

avoid more lethal outcomes, and thus will be hospitalised for less lethal causes? The 

answer to this question is not likely to be clear-cut, though it will have significant 

influences on future directions of policy setting. 

This thesis has gone some way to address this issue. The compression of severe 

morbidity accompanying increasing longevity lends empirical support for the latter case. 

Significant declines in old age mortality in the recent decades and the persistent mortality 

differentials between population groups suggest that medical and public health 

interventions have substantially improved survival at older ages (Manton and Vaupel, 

1995). 

In contrast, issues surrounding changing health perceptions among the population at 

large, and the impacts these have are beyond the scope of this thesis. What is clear is that 

planning for future health services for the older population will be increasingly geared 
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towards less lethal chronic conditions, with a greater emphasis on the preventative 

aspects of care. 

Furthermore, as noted in Chapter Nine, future policy agenda on further lowering levels 

of mortality may not be effective in reducing levels of morbidity. Solution to this 

potential conflict will set the stage for a profound paradigm shift of the health sector as a 

whole, from disease care to health care, from disease/condition-specific interventions to 

health maintenance and health gain. There is an increasing prevalence of co-morbidity at 

older ages and many major forms of chronic morbidity have common environmental and 

behavioural determinants which play an important part in shaping their etiology. As a 

result, policies aiming at arresting individual diseases are likely to be increasingly less 

effective in improving population health status than those focusing on risk factor 

modification and targeting a multitude of conditions. 

15.2.4 Increasing Heterogeneity in Older Populations 

From the preceding discussion in this thesis on the variability of the ageing process and 

its spectrum of effects, it is apparent that the older population constitutes an 

heterogeneous group, demonstrating a broad range of disabilities and capacities to 

benefit from health care services. Increased levels of heterogeneity at older ages are 

explained by reduced mortality risks at younger ages, favouring those who would not 

have been able to survive to older ages under a high mortality regime. In light of the 

findings from the present study, it can be argued that this trend is set to continue and 

intensify into the early twenty-first century. An adequate understanding of this subtle yet 

critical relationship between patterns of exposure to risk at different life cycle stages is 

therefore important for decision making. 

The increasing diversity among the older populations in terms of their health status, and 

health and support service needs, points to a "natural evolution" of the mix of services 

required (Tu, 1999: 10) which carries far-reaching implications for the health sector. A 

better understanding of this diversity of need among the older population helps to 

sharpen the focus of contemporary health policy, which has often been captured by 
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ageing per se, and the "looming crisis" in health care. More adequate identification of 

high risk groups within the older population is needed, particularly in view of intense 

competition for limited health resources. An increased knowledge of population health 

dynamics will better prepare policy makers today to anticipate changes in population 

structure and other determinants of heterogeneity. The majority of cohorts which will be 

affected by short to medium term policy changes in the future are already born today, 

and historic time series information on their patterns of exposure to risk is generally 

available, albeit limited in some cases. The study of the effects on health and other social 

processes of increased heterogeneity among these cohorts should become a high priority 

in informing future decision making processes. 

Furthermore, and following on from the earlier point on a shift from disease oriented 

care to health care, the increased diversity of health needs among the older population 

provides strong support for individualised care. While at present the health system must 

find ways to cope with the needs of a diverse group of individuals, health policies will be 

increasingly challenged in the future to respond quickly to the rapid changes in needs that 

characterised this extremely heterogeneous group. For example, more frequent 

transitions between acute care and support and rehabilitation services can be expected 

among the frail elderly. Integrated networks of health care which can facilitate smooth 

transitions and provide the necessary system-wide support for administering appropriate 

levels of individual care will be beneficial to the older members of the society. 

The key to a rapid policy responses to the changing needs of the older population is by 

adopting a dynamic outlook on the health system Inherent in the idea of increased 

population heterogeneity is the notion of change, of dynamism in patterns of needs and 

thus in system responses. The existence of dynamic properties both in terms of 

population health and health needs was identified very early in this thesis. However, 

recognition of changing needs in the population are not always met by dynamic 

responses from the policy sector. One of the more recent example of similar failures in 

New Zealand was the stream of work on a sustainable funding pathway at the Ministry of 

Health in consultation with the Crown Company Monitoring Advisory Unit and the 

Treasury, which was commissioned on the eve of the 1996 general election by the then 

Minister of Health. This purely financial model had the potential of effectively 
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underscoring all health policy setting over the period from 1996 to 2000, but 

unfortunately it was based on a most distinctly static view of the system. Changes were 

only exemplified by the four variables included in its expenditure projections: these were 

population size and age structure, price inflation, technology and intensity of service use 

("volume growth per capita"). Results from assumed changes in these "environmental 

drivers" were combined with the current funding levels to derive a sustainable funding 

package. Implicit in this package were, however, the assumptions that the current service 

configurations as at 1996 were adequate and effective in meeting the needs of the 

population, and were to be "sustained". But importantly, it was also implicitly assumed in 

that the same mix of services will be equally adequate and effective in the short to 

medium future. 

A similar reliance on a macro-economic management framework in directing health 

policy decisions can also be found in policy discussions overseas (for example, see 

Getzen, 1992). It is clear from the preceding discussions in this chapter, however, that 

for future policy setting to be effective, financial sustainability and/or macro-economic 

considerations cannot be treat as a separate entities from the multiplicity of health needs 

of a heterogeneous population and the complexity of the health system. 

15.2.5 Research Agenda to Inform Policies Affecting Future Population Health 

Effective determination of public health priorities and planning for health and other social 

services requires reliable information on the health status of the population. As 

advocated by the WHO programme "Health for All", this information is required for 

assessing the health status of populations in both a national and an international context, 

and also for understanding and monitoring the positive as well as negative determinants 

of well-being and their dynamics (Nayar, 1999). 

It was noted in Chapter Seven, that there is a dearth of morbidity data in New Zealand 

by comparison with some other developed countries (Johnstone et al, 1998; 

Katzenellenbogen and Cheung, 1998). Improved availability of population-based health 

and related data, from either routinely collected statistics or population-based surveys, is 
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required. Innovations in collating health data, such as, for example, improving the 

efficiency of transfer of administrative records to a centrally administered population 

health data set (through the National Health Index), and linking these processes and 

information series to survey design and to survey data, and developing procedures to 

combine multiple data sources (including the censuses), should be considered as high 

priorities. 

Health expectancy type measures which integrate levels of mortality and other health­

related dimensions have been validated in numerous overseas studies, and have been 

proven to be a useful analytical tool and a highly relevant indicator for policy decision 

making. Health expectancies calculated for different demographic sub-groups can be 

compared directly and over time, independent of size and age compositional effects. The 

ability to make direct comparisons ensures health expectancy measures as particularly 

useful in establishing public health priorities, when potential benefits from the competing 

programmes can be calculated and compared, leaving policy planning with the necessary 

information to make an informed choice. 

The major application of the health expectancy methodology in New '.Zealand was 

reported extensively in this thesis. The versatility of health expectancy as a tool for policy 

research has also been demonstrated elsewhere by the present author (Cheung, 1999b). 

The vital information will be the way in which the relationships between life expectancy 

and health expectancy are changing, corresponding to scenarios of expansion or 

compression of morbidity. To take an example, insights into the relative impacts of 

future trends in disability and mortality on population health status may be gained by 

examining the elasticity of health expectancy (Cheung, 1999b). This is done by analysing 

the sensitivity of the health expectancy indices to a small (one percent) change in 

mortality and/or disability. The results of this analysis point to a greater effectiveness of 

strategies aimed at disability prevention than those aimed at postponing deaths, should 

maximising independent years of life be the policy goal. For females, the former would 

be twice as effective as the latter. 

To realise fully the potential of health expectancy as a policy indicator and its inherent 

analytical strengths, drawn from life table techniques, further developments are required 
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in a number of areas. First, because of a lack of available data, health expectancies 

calculated for New Zealand thus far are merely cross-sectional observations. Repeated 

disability surveys using compatible survey instruments and methodology are needed in 

the future, preferably over regular intervals, to give comparable measures at different 

points in time. More detailed information on the causes of disability would be valuable 

for calculating cause-specific and/or cause-deleted health expectancy. This information is 

of direct policy value in informing the prioritisation process. However, given the 

relatively small population size in New Zealand and the likely high per capita cost in 

obtaining this information, findings from overseas studies may need to be drawn upon 

and interpolated into New Zealand data to provide imputations which would be of value 

for policy analyses in this area. 

A simple two stage division is used in the computation of most health expectancies found 

in the literature. A person is either healthy or unhealthy depending on the definition of ill­

health employed. Such a simple, and sometimes arbitrary, threshold does not adequately 

reflect the full spectrum of health. An indicator that includes all levels of ill-health / 

disability rather than just a single dependency threshold would provide a more precise 

measure of population health status. Development of this type of instruments is, 

however, in its infancy, and unavoidably involves subjective judgements on the relative 

values of different states of health. 

A major extension of the health expectancy technique demonstrated in this thesis is the 

calculation of hospitalisation expectancies. Using available hospital data dating back to 

the middle of the twentieth century, a time series data set employing an integrated 

measure of population health was developed. Notwithstanding the inherent problems 

with using hospital utilisation data, the strength of this methodological extension is its 

applicability at sub-national levels. In another exercise and as a test of its analytical 

power and utility, hospitalisation expectancy was calculated by the present author for a 

population of around 137,000 for one New Zealand region. The results obtained were 

intuitively reasonable, suggesting that the methodology is robust also at the sub-national 

level. The wide applicability of this methodology is a particular advantage in many 

developing countries where population wide surveys on health are not available, but 

where hospital records might be, say for a capital city, as well as an estimate of the size 
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and structure of that population, plus life tables indirectly estimated by the so-called non-

conventional techniques (Pool et al, 1999). Results of hospitalisation expectancies 

calculated using local data can be compared with those from other countries which have 

multiple-level sets of health expectancies calculated based on hospital utilisation as well 

as survey data. Techniques similar to indirect standardisation can then be applied to infer 

health expectancies with different thresholds for countries or areas where survey data are 

lacking. 

There are two other very important differences between health and the hospitalisation 

expectancies developed in this thesis and alluded to in the last paragraph: the difference 

between sample survey data from sometimes irregular, or even once-off, surveys and 

population data from routinely collected sources. The use of population-based data for 

the hospitalisation expectancies means that numbers in cells are typically very large and 

thus problems akin to sampling error are avoided. Moreover, continuous and more 

timely hospitalisation expectancy series can be built up, as was demonstrated in this 

thesis. 

The hospitalisation expectancy methods can provide planners with the tools and a sound 

evidence-base to plan services to meet emerging needs of the population, as well as to 

undertake theoretically robust yet empirically based analyses. For example, the ratio of 

persons-years exposure at ages x to x+n partitioned into the state of hospital stay (nL\) 

to the number of survivors at that age Ux) gives an estimated number of hospital days 

over the next n-years period. This ratio takes into account of both the incidence and the 

duration dimensions of hospitalisation, and the levels of mortality. This latter factor is 

particularly importantly when dealing with older ages where both the prevalence of 

hospitalisation and mortality levels are high. Ratios derived for each demographic sub­

group can then be applied to the corresponding numbers in the population to estimate the 

number of hospital days. 

Conventional analyses based on hospital admission and discharge rates alone, typically 

multiplying hospital rates by the numbers of population, effectively assume everyone in 

the population will survive to the end of the projected period, and thus artificially inflate 

the number of hospital days. The hospitalisation expectancy-based projection 
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methodology outlined above incorporates this mortality factor, and thus gives a far more 

reliable estimate of potential hospital use for financial and service planning. Moreover, 

instead of segregating the effects of mortality on population needs from those needs 

directly measured from utilisation data, as occurs in some other needs assessments tools 

such as QAL Y s, the analysis using hospitalisation expectancy integrates these two crucial 

components of population needs and their interactions at every age group. The 

assessment of the impacts of changing patterns of morbidity and mortality on hospital use 

is made possible with this measure. 

15.3 Conclusion 

Population health status is an increasingly major concern especially in societies with low levels 

of mortality. The noble sentiment of "good health for all" has been a celebrated political 

platform for at least two decades though its attainment is much difficult to realise - the 

slogan would have lost its political appeal if success had been achieved. This point merely 

highlights the difficulties in setting a realistic policy goal which also appeals to the general 

public. 

This thesis has addressed, from both a theoretical and a methodological perspective, 

contemporary issues, predominantly of theoretical origin, in population health, and has 

demonstrated their policy relevance. Considerable knowledge about future population 

health dynamics can be gained from scientific studies on mortality and morbidity patterns 

and trends. Patterns and trends identified for the non-Maori population from the present 

study tend to support one of two diametrically opposing views on future evolution of 

population health. In the words of Hayward and Heron: " ... 'long life in good health' [an 

apparent rebuff to Verbrugge's longer life but worsening health (1984)] is not simply a 

theoretical construct but an empirical fact for a significant number of individuals in the 

population." (1999:89). Deriving policy mechanisms to achieve this goal is fundamental 

if good health is ever to be attainable for all. 
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APPENDIX ONE: 

NON-MAORI LIFE EXPECTANCIES AT SELECTED AGES FROM SYNTHETIC 

LIFE TABLES, BY GENDER, 1881-1996 

Non-Maori Males 
Calendar Life expectancy at age 

year 0 1 15 45 65 85 

1881 52.9 57.7 48.0 24.9 12.4 
1886 54.0 59.0 48.6 25.5 12.4 
1891 55.2 59.9 49.2 25.3 11.9 
1896 57.4 61.8 50.4 26.2 12.4 
1901 57.6 61.8 50.6 26.0 12.0 
1906 58.8 63.0 51.5 26.3 12.1 3.9 
1911 60.5 63.7 51.9 26.5 12.2 3.8 
1916 60.7 63.3 51.7 27.1 12.5 4.0 
1921 61.9 64.3 52.5 27.1 12.6 3.7 
1926 63.7 65.6 53.4 27.3 12.5 3.9 

1931 65.3 66.7 54.2 27.9 12.9 3.8 

1936 65.5 66.9 54.4 27.8 12.8 3.9 

1941 65.6 66.8 54.1 27.3 12.5 3.6 

1945 66.7 67.9 55.0 27.8 12.7 3.9 

1951 68.3 69.0 55.8 28.1 12.9 3.9 

1956 68.9 69.5 56.1 28.3 12.9 4.1 

1961 69.2 69.7 56.3 28.2 12.8 3.9 

1966 68.7 69.0 55.6 27.7 12.6 4.2 

1971 69.l 69.3 55.8 27.9 12.6 4.0 

1976 69.4 69.5 56.0 28.2 12.9 3.9 

1981 70.8 70.7 57.1 29.1 13.4 4.4 

1986 71.4 71.2 57.6 29.7 13.7 4.6 

1991 73.4 72.9 59.3 31.4 14.9 5.0 

1996 75.3 74.7 61.0 32.8 15.8 5.1 
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Non-Maori Females 
Calendar Life expectancy at age 

year 0 1 15 45 65 85 

1881 56.4 60.5 50.6 27.8 13.9 
1886 57.1 61.5 50.9 27.8 13.7 
1891 58.1 61.9 50.9 27.5 13.1 
1896 59.9 63.5 52.2 28.2 13.7 
1901 59.9 63.3 52.0 27.6 13.1 
1906 61.2 64.4 52.8 28.1 13.1 4.1 
1911 63.2 65.7 53.6 28.3 13.2 4.4 
1916 64.3 66.l 54.4 29.0 13.8 4.3 
1921 64.3 66.l 54.1 28.7 13.5 4.2 
1926 66.3 67.8 55.5 29.1 13.7 4.3 
1931 67.8 68.8 56.0 29.5 13.8 4.1 
1936 68.5 69.5 56.7 29.7 13.9 4.3 
1941 69.1 69.9 56.9 29.5 13.7 4.2 
1945 70.3 71.0 57.9 30.2 14.4 4.5 
1951 72.4 72.9 59.5 31.1 14.8 4.2 
1956 73.9 74.2 60.7 32.0 15.3 4.6 
1961 74.5 74.7 61.2 32.4 15.5 4.5 

1966 74.8 74.9 61.3 32.6 15.9 4.7 
1971 75.2 75.2 61.6 32.8 16.0 4.7 
1976 75.9 75.8 62.2 33.5 16.7 5.1 
1981 76.9 76.6 63.0 34.2 17.2 5.5 
1986 77.4 77.1 63.4 34.6 17.5 5.6 
1991 79.2 78.7 64.9 36.0 18.6 6.1 
1996 80.6 80.0 66.2 37.1 19.3 6.2 
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APPENDIX Two 
METHOD FOR ESTIMATING LIFE CYCLE STAGE CONTRIBUTION TO THE 

INCREASES IN LIFE EXPECTANCY AT BIRTH 

The contribution at each life cycle stage to the increases in life expectancy at birth (eo), 

expressed as percentage of the overall increases in eo, is calculated using the following 

method. 

1. Let years x and y denote the beginning and the end of the time interval. 

2. The difference in eo between synthetic life table of year x and synthetic life table of 

year y, representing the overall increases in life expectancy at birth, is calculated and is 

used as the denominator in the subsequent percentage calculations. 

3. For each life cycle stage, a new eo for year x is estimated by substituting the 

corresponding nPx from synthetic life table of year x with that from year y, and px's at 

all other ages are kept as the same at year x. 

4. The difference between the estimated new eo ( calculated speci:ficly for each life cycle 

stage) and the old eo for year x, representing the increases in life expectancy at birth 

attributable to imprvements in survivorship at the respective life cycle stage alone, is 

then calculated to be the numerator. 

5. Percentage contribution to the increases in eo through mortality reductions at each life 

cycle stage is calculated by dividing the numerator from step 4 by the denominator 

from step 2. 
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APPENDIX THREE 

CONSTRUCTION OF HEALTH AND HOSPITALISATION EXPECTANCIES 

Disability-based health expectancies are caluclated by the following steps, using the 

Sullivan's observed prevalence life table method (1971): 

1. Observed disability prevalence rates are extracted from the 1996/97 Disability Surveys 

by three levels of disability (Levels 1, 2 and 3), by age group (<5, 5-9, 10-14, 15-24, 

25-29, 30-34, 35-39, ... , 80+), by gender and by ethnicity (total, Maori and non­

Maori). 

2. Level specific prevalence rates are re-organised into reverse incremental levels of 

disability, i.e., Level 3, Levels 2+3, Levels 1+2+3 (see Figures 9.la and 9.lb). 

3. An actuarial technique, known as graduation, is applied to the observed rates. to 

smooth out random fluctuations between age groups and to estimate rates by five­

year age group at ages 80 years and above. It was found a third-degree polynomial 

function has the best overall fit 1, and the best fit at the adult age range. 

Let nO/ denotes the graduated disability prevalence rate at age group x to x+n with 

level i or above disability, x = 0, ... , 100; i = 1,2 or 3. 

4. Complete life tables from Statistics New Zealand for the non-Maori population, by 

gender, are abridged with age groups: <1, 1-4, 5-9, 10-14, ... , 100+. 

5. At each age group, life table person-years exposure between exact ages x and x+n 

(nLx) either with level i or above disability ( denoted by nLix) or without level i or above 

disability ( denoted by nLix) are partitioned by: 

L i L * s:i. n x - n x nUx , 

The coefficient of detennination, R2, is also calculated which measures the adherence of data to the 
fitted curve. An R2 value of 1 indicates perfect adherence of data. The R2 calculated are 0.95 or more 
in all cases, indicating an excellent fit with at least 95% of the variations accounted for by the fitted 
curve. 
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6. Life table total person-years exposure at exact age x (Tx) either with or without level i 

or above disability ( denoted by Tix and T ·\ respectively) are calculated by: 

7. Life expectancy at exact age x either with or without level i or above disability 

(denoted by lx and e·ix respectively) are calculated by: 

-i T .; I l i e X = X X = ex - e X 

Hospitalisation expectancies are calculated by following the same procedures. Prevalence 

rates of hosptialisation by five-year age group, by gender, are estimated as the product of 

age-gender-specific discharge rate and age-gender-specific average length of stay 

(expressed in years to match with the life table nLx function). The final results of 

hospitalisation expectancies (e\) are then converted into number of days. 
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APPENDIX FOUR: 

NON-MAORI DISABILITY-BASED HEALTH EXPECTANCIES AND 

STANDARD ERRORS, AT FIVE-YEAR AGE INTERVAL, BY GENDER, 1996/97 

Non-Maori Males Non-Maori Females 
Age life exp.* disability- independ- active life exp. disability- independ- active 

free life ent life life free life ent life life 
exp. exp. exp. exp. exp. exp. 

(DFLE) (ILE) (ALE) (DFLE) (ILE) (ALE) 
0 75.3 58.7 65.6 73.1 80.6 62.0 68.9 76.9 
1 74.7 58.1 65.1 72.5 80.0 61.4 68.3 76.3 
5 70.9 54.6 61.5 68.7 76.1 57.7 64.4 72.4 
10 65.9 50.2 56.9 63.8 71.1 53.2 59.7 67.5 
15 61.0 45.8 52.3 59.0 66.2 48.7 55.1 62.7 
20 56.3 41.5 47.8 54.4 61.4 44.3 50.5 58.0 
25 51.7 37.3 43.4 49.9 56.5 39.9 46.0 53.3 
30 47.0 33.1 39.0 45.3 51.6 35.5 41.4 48.5 
35 42.3 28.9 34.4 40.6 46.8 31.3 36.9 43.7 
40 37.5 24.8 29.9 35.8 41.9 27.1 32.4 39.0 
45 32.8 20.8 25.4 31.2 37.1 23.1 28.0 34.3 
50 28.2 17.0 21.1 26.6 32.4 19.3 23.6 29.6 
55 23.8 13.5 17.0 22.2 27.9 15.7 19.5 25.1 
60 19.6 10.4 13.3 18.1 23.5 12.3 15.6 20.8 
65 15.8 7.6 9.9 14.3 19.3 9.3 11.9 16.7 
70 12.4 5.3 7.1 11.0 15.4 6.7 8.7 13.0 
75 9.4 3.5 4.8 8.1 11.9 4.5 5.9 9.6 
80 7.0 2.1 2.9 5.8 8.8 2.8 3.7 6.8 

Standard Error 

0 0.7198 0.7406 0.5855 0.7319 0.7650 0.7716 
1 0.7212 0.7422 0.5869 0.7328 0.7676 0.7736 
5 0.7129 0.7345 0.5809 0.7238 0.7638 0.7694 
10 0.7076 0.7291 0.5737 0.7166 0.7573 0.7622 
15 0.7025 0.7240 0.5637 0.7081 0.7469 0.7405 
20 0.6425 0.6532 0.5128 0.6660 0.6930 0.6662 
25 0.5745 0.5793 0.4627 0.6182 0.6327 0.5789 
30 0.5421 0.5579 0.4453 0.5812 0.6009 0.5407 
35 0.5043 0.5283 0.4292 0.5458 0.5679 0.5126 
40 0.4695 0.5024 0.4177 0.5066 0.5371 0.4936 
45 0.4346 0.4775 0.4092 0.4635 0.4992 0.4599 
50 0.3843 0.4345 0.3968 0.4208 0.4686 0.4438 
55 0.3353 0.3822 0.3820 0.3636 0.4215 0.4218 
60 0.2605 0.3181 0.3546 0.2928 0.3420 0.3770 
65 0.2006 0.2546 0.3282 0.2005 0.2490 0.3300 
70 0.1596 0.2057 0.2858 0.1547 0.1972 0.2884 
75 0.1205 0.1576 0.2573 0.1150 0.1449 0.2353 
80 0.0535 0.0882 0.2458 0.0572 0.0781 0.1827 

* exp. = expectancy 
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NON-MAORI HOSPITALISATION EXPECTANCIES, 

AT FIVE-YEAR AGE INTERVAL, BY GENDER, 1996-98 

Hospitalisation Expectancy (in days) 

Age non-Maori males non-Maori females 

0 62.5 68.9 
1 59.3 66.2 
5 58.3 65.5 
10 57.6 64.9 
15 56.8 64.2 
20 56.0 63.4 
25 55.0 62.4 
30 54.0 61.5 
35 53.1 60.4 
40 52.2 59.4 
45 51.3 58.2 
50 50.3 56.9 
55 49.2 55.5 
60 47.7 53.7 
65 45.6 51.4 
70 42.8 48.2 
75 39.5 44.2 
80 35.1 38.5 
85 30.2 30.3 
90 23.4 21.3 
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APPENDIX SIX: 

CONSTRUCTION OF NON-MAORI COHORT LIFE TABLES 

Cohort life tables are constructed based on the abridged synthetic life tables analysed in 

Chapter Eight. The probability of each birth cohort surviving from exact age x to x+5 is 

estimated from synthetic life tables using the method illustrated in Figure A. I. For cohort 

born in the five years from t-x-5 to t-x, the probability of surviving between exact ages x 

and x+5 is estimated by the corresponding probability of surviving between exact ages x 

and x+5 from the synthetic life table in year t. It is assumed that the birth cohort entering 

age group x to x+5 and exposed to the risk of dying between years t-5 and t (denoted by 

the triangular area A) experienced the same age specific survival rate (sPx) as estimated 

from the synthetic life table in year t. Similarly, those leaving age group x to x+5 and 

exposed to the risk of dying between years t and t+5 (denoted by the triangular area B) 

are assumed to experience the same age specific survival rate (sPx) estimated for the 

synthetic life table in year t. 

Figure A.I 

X 

x+l 
x+2 
x+3 
x+4 
x+5 

Sources: 

Lexis diagram showing the method of estimating birth cohort probability 
of surviving function of cohort life table 

Calendar year of synthetic life tables 
t-x t t+5 

synthetic sPx (year t) 

Derived by the author 

The estimation of cohort survivorship for the first year of life is a minor exception to this 

formula. It is taken from the average for years t-x+5 and t-x of the probability of 

surviving from birth to exact age one, assuming a linear trend in infant mortality rate 

during the interval. 
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This method of estimating cohort survivorship is much simpler than some other 

approaches, such as the "extinct cohort" method (see Kannisto, 1988), which follows 

through the mortality experience of a birth cohort from birth to death year after year. 

The major drawback of the simpler approach used here is that, rather than making direct 

measurements, the mortality experience during the inter-censal period is approximated 

from that around the census year. With some minor exceptions, and one major exception 

(influenza 1917-19), of epidemics in the early years, large annual fluctuations in non­

Maori mortality rates have generally disappeared over the last century. There is, 

however, also the impact noted earlier of World War One deaths of males aged 15 to 44 

years. This simpler approach is adequate for the purposes of this thesis of studying a long 

term demographic phenomenon. 
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BY FIVE-YEAR BIRTH INTERVAL, BY GENDER, 1871-1961 

Cohort Born 1871-76 Males 
age group Ix Ox n4. Tx ex 

<1 100,000 0.88670 92,069 5,445,933 54.46 
1-4 88,670 0.94068 344,158 5,353,864 60.38 
5-9 83,409 0.97942 412,756 5,009,706 60.06 

10-14 81,693 0.98804 406,021 4,596,950 56.27 
15-19 80,716 0.98165 399,875 4,190,929 51.92 
20-24 79,234 0.97754 391,723 3,791,054 47.85 
25-29 77,455 0.97820 383,052 3,399,331 43.89 
30-34 75,766 0.97768 374,601 3,016,279 39.81 
35-39 74,075 0.97292 365,357 2,641,678 35.66 
40-44 72,068 0.96748 354,483 2,276,321 31.59 
45-49 69,725 0.95792 341,289 1,921,838 27.56 
50-54 66,791 0.94774 325,226 1,580,549 23.66 
55-59 63,300 0.92996 305,417 1,255,323 19.83 
60-64 58,867 0.88785 277,828 949,906 16.14 
65-69 52,265 0.82377 238,297 672,078 12.86 
70-74 43,054 0.73757 187,024 433,780 10.08 
75-79 31,756 0.63064 129,455 246,756 7.77 
80-84 20,026 0.49214 74,705 117,301 5.86 
85-89 9,856 0.30176 32,075 42,596 4.32 
90-94 2,974 0.19687 8,899 10,522 3.54 
95-99 585 0.05432 1,543 1,623 2.77 
100+ 32 80 80 2.50 

Females 
age grouo Ix Ox n4. Tx ex 

<1 100,000 0.90460 93,322 5,768,920 57.69 
1-4 90,460 0.94383 351,676 5,675,599 62.74 
5-9 85,378 0.98333 423,333 5,323,923 62.36 

10-14 83,955 0.98876 417,415 4,900,590 58.37 
15-19 83,011 0.98185 411,288 4,483,175 54.01 
20-24 81,504 0.97884 403,210 4,071,887 49.96 
25-29 79,780 0.97724 394,360 3,668,677 45.99 
30-34 77,964 0.97612 385,167 3,274,317 42.00 
35-39 76,103 0.97412 375,589 2,889,150 37.96 
40-44 74,133 0.97373 365,796 2,513,561 33.91 
45-49 72,185 0.96562 354,723 2,147,765 29.75 
50-54 69,704 0.95537 340,742 1,793,042 25.72 
55-59 66,593 0.94123 323,180 1,452,300 21.81 
60-64 62,679 0.91265 299,708 1,129,120 18.01 
65-69 57,204 0.85900 265,856 829,412 14.50 
70-74 49,138 0.79073 219,984 563,556 11.47 
75-79 38,855 0.69370 164,523 343,571 8.84 
80-84 26,954 0.56192 105,249 179,049 6.64 
85-89 15,146 0.38006 52,256 73,800 4.87 
90-94 5,756 0.23124 17,719 21,544 3.74 
95-99 1,331 0.07451 3,576 3,825 2.87 
100+ 99 249 249 2.51 
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Cohort Born 1876-81 Males 
age group lx Px nLx Tx ex 

<1 100,000 0.89356 92,549 5,657,668 56.58 
1-4 89,356 0.95699 349,739 5,565,119 62.28 
5-9 85,513 0.98340 424,017 5,215,381 60.99 

10-14 84,094 0.99019 418,407 4,791,363 56.98 
15-19 83,269 0.98472 413,164 4,372,956 52.52 
20-24 81,996 0.98065 406,015 3,959,792 48.29 
25-29 80,410 0.98128 398,285 3,553,777 44.20 
30-34 78,905 0.97904 390,388 3,155,492 39.99 
35-39 77,251 0.97162 380,772 2,765,104 35.79 
40-44 75,058 0.96830 369,342 2,384,332 31.77 
45-49 72,679 0.96152 356,402 2,014,990 27.72 
50-54 69,882 0.94953 340,592 1,658,588 23.73 
55-59 66,355 0.92717 319,693 1,317,995 19.86 
60-64 61,522 0.88381 289,742 998,302 16.23 
65-69 54,374 0.83039 248,816 708,560 13.03 
70-74 45,152 0.74828 197,345 459,744 10.18 
75-79 33,786 0.63108 137,770 262,399 7.77 
80-84 21,322 0.47893 78,833 124,629 5.85 
85-89 10,212 0.33287 34,027 45,796 4.48 
90-94 3,399 0.18256 10,049 11,770 3.46 
95-99 621 0.05285 1,633 1,720 2.77 
100+ 33 85 87 2.65 

Females 
age group lx Px nLx Tx ex 

<1 100,000 0.91094 93,765 6,012,811 60.13 
1-4 91,094 0.95899 356,902 5,919,045 64.98 
5-9 87,358 0.98677 433,898 5,562,143 63.67 

10-14 86,202 0.99042 428,943 5,128,245 59.49 
15-19 85,376 0.98435 423,538 4,699,301 55.04 
20-24 84,040 0.98158 416,329 4,275,763 50.88 
25-29 82,492 0.97814 407,952 3,859,434 46.79 
30-34 80,689 0.97816 399,038 3,451,482 42.78 
35-39 78,926 0.97724 390,141 3,052,445 38.67 
40-44 77,130 0.97308 380,459 2,662,303 34.52 
45-49 75,053 0.96791 369,246 2,281,844 30.40 
50-54 72,645 0.96056 356,062 1,912,598 26.33 
55-59 69,780 0.94385 339,104 1,556,536 22.31 
60-64 65,861 0.91105 314,661 1,217,433 18.48 
65-69 60,003 0.87412 281,132 902,772 15.05 
70-74 52,450 0.81028 237,372 621,640 11.85 
75-79 42,499 0.71199 181,895 384,268 9.04 
80-84 30,259 0.56187 118,152 202,373 6.69 
85-89 17,002 0.39374 59,240 84,221 4.95 
90-94 6,694 0.23080 20,598 24,981 3.73 
95-99 1,545 0.06458 4,112 4,382 2.84 
100+ 100 262 270 2.71 
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Cohort Born 1881-86 Males 
age group Ix Ox n4 Tx ex 

<1 100,000 0.89984 92,989 5,773,217 57.73 
1-4 89,984 0.96419 353,490 5,680,228 63.13 
5-9 86,761 0.98539 430,637 5,326,739 61.40 

10-14 85,494 0.99075 425,491 4,896,102 57.27 
15-19 84,703 0.98566 420,477 4,470,610 52.78 
20-24 83,488 0.98217 413,718 4,050,133 48.51 
25-29 81,999 0.98284 406,478 3,636,415 44.35 
30-34 80,592 0.97663 398,252 3,229,937 40.08 
35-39 78,709 0.97400 388,427 2,831,686 35.98 
40-44 76,662 0.97386 378,301 2,443,259 31.87 
45-49 74,658 0.96526 366,809 2,064,958 27.66 
50-54 72,065 0.95098 351,494 1,698,149 23.56 
55-59 68,532 0.92135 329,187 1,346,655 19.65 
60-64 63,142 0.88355 297,329 1,017,469 16.11 
65-69 55,789 0.82684 254,795 720,139 12.91 
70-74 46,129 0.74321 201,030 465,344 10.09 
75-79 34,283 0.62749 139,490 264,314 7.71 
80-84 21,513 0.47943 79,566 124,824 5.80 
85-89 10,314 0.31851 33,997 45,258 4.39 
90-94 3,285 0.16870 9,598 11,262 3.43 
95-99 554 0.09706 1,520 1,664 3.00 
100+ 54 140 144 2.67 

Females 
age IITOUP Ix Px n4 Tx ex 

<1 100,000 0.91539 94,077 6,174,021 61.74 
1-4 91,539 0.96718 360,146 6,079,944 66.42 
5-9 88,534 0.98663 439,712 5,719,797 64.61 

10-14 87,350 0.99174 434,949 5,280,086 60.45 
15-19 86,629 0.98520 429,940 4,845,137 55.93 
20-24 85,347 0.98229 422,956 4,415,197 51.73 
25-29 83,835 0.98114 415,223 3,992,241 47.62 
30-34 82,254 0.97965 407,084 3,577,018 43.49 
35-39 80,580 0.97672 398,209 3,169,934 39.34 
40-44 78,704 0.97897 389,381 2,771,725 35.22 
45-49 77,048 0.96984 379,433 2,382,345 30.92 
50-54 74,725 0.96194 366,514 2,002,911 26.80 
55-59 71,881 0.94240 349,052 1,636,397 22.77 
60-64 67,740 0.92043 325,225 1,287,346 19.00 
65-69 62,350 0.88285 293,489 962,121 15.43 
70-74 55,046 0.82342 250,929 668,632 12.15 
75-79 45,326 0.71460 194,289 417,703 9.22 
80-84 32,390 0.58382 128,249 223,414 6.90 
85-89 18,910 0.39662 66,025 95,165 5.03 
90-94 7,500 0.24174 23,283 29,140 3.89 
95-99 1,813 0.14015 5,168 5,857 3.23 
100+ 254 667 689 2.71 
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Cohort Born 1886-91 Males 
age irroup lx Px nLx Tx ex 

<1 100,000 0.90233 93,163 5,869,814 58.70 
1-4 90,233 0.96747 355,060 5,776,651 64.02 
5-9 87,298 0.98968 434,237 5,421,591 62.10 

10-14 86,397 0.99145 430,139 4,987,354 57.73 
15-19 85,659 0.98746 425,607 4,557,215 53.20 
20-24 84,584 0.98515 419,782 4,131,607 48.85 
25-29 83,328 0.97911 412,290 3,711,825 44.54 
30-34 81,587 0.97930 403,715 3,299,536 40.44 
35-39 79,899 0.97825 395,150 2,895,820 36.24 
40-44 78,161 0.97499 385,918 2,500,671 31.99 
45-49 76,206 0.96697 374,738 2,114,753 27.75 
50-54 73,689 0.94746 358,767 1,740,015 23.61 
55-59 69,818 0.92830 336,573 1,381,248 19.78 
60-64 64,812 0.88786 305,889 1,044,674 16.12 
65-69 57,544 0.82689 262,815 738,786 12.84 
70-74 47,582 0.74333 207,379 475,971 10.00 
75-79 35,369 0.61699 142,979 268,592 7.59 
80-84 21,823 0.47407 80,420 125,613 5.76 
85-89 10,345 0.30447 33,738 45,193 4.37 
90-94 3,150 0.20274 9,471 11,455 3.64 
95-99 639 0.11664 1,783 1,984 3.11 
100+ 74 195 202 2.71 

Females 
age irroup Ix Px nLx Tx ex 

<1 100,000 0.91789 94,252 6,321,164 63.21 
1-4 91,789 0.97277 362,155 6,226,912 67.84 
5-9 89,289 0.98958 444,118 5,864,757 65.68 

10-14 88,358 0.99106 439,816 5,420,639 61.35 
15-19 87,568 0.98691 434,975 4,980,823 56.88 
20-24 86,422 0.98526 428,924 4,545,849 52.60 
25-29 85,148 0.98046 421,578 4,116,925 48.35 
30-34 83,484 0.98000 413,245 3,695,346 44.26 
35-39 81,814 0.98163 405,313 3,282,102 40.12 
40-44 80,311 0.98048 397,635 2,876,789 35.82 
45-49 78,743 0.97234 388,271 2,479,154 31.48 
50-54 76,565 0.96277 375,700 2,090,884 27.31 
55-59 73,715 0.94439 358,326 1,715,183 23.27 
60-64 69,616 0.92343 334,752 1,356,857 19.49 
65-69 64,285 0.89015 303,772 1,022,105 15.90 
70-74 57,223 0.82833 261,558 718,334 12.55 
75-79 47,400 0.73539 205,642 456,776 9.64 
80-84 34,857 0.58917 138,484 251,133 7.20 
85-89 20,537 0.44557 74,218 112,649 5.49 
90-94 9,151 0.29267 29,571 38,431 4.20 
95-99 2,678 0.15210 7,713 8,860 3.31 
100+ 407 1,094 1,146 2.81 



315 

Cohort Born 1891-96 Males 
age group Ix Px nLx Tx ex 

<1 100,000 0.90958 93,218 5,961,444 59.61 
1-4 90,958 0.97409 359,118 5,868,226 64.52 
5-9 88,601 0.98829 440,412 5,509,108 62.18 

10-14 87,564 0.99186 436,037 5,068,696 57.89 
15-19 86,851 0.98894 431,853 4,632,658 53.34 
20-24 85,890 0.97602 424,302 4,200,805 48.91 
25-29 83,830 0.98314 415,618 3,776,503 45.05 
30-34 82,417 0.98274 408,529 3,360,885 40.78 
35-39 80,995 0.98064 401,053 2,952,356 36.45 
40-44 79,426 0.97521 392,209 2,551,303 32.12 
45-49 77,457 0.96793 381,075 2,159,094 27.87 
50-54 74,973 0.95358 366,163 1,778,019 23.72 
55-59 71,492 0.92611 344,255 1,411,857 19.75 
60-64 66,210 0.88689 312,326 1,067,602 16.12 
65-69 58,721 0.82816 268,378 755,276 12.86 
70-74 48,630 0.72952 210,268 486,898 10.01 
75-79 35,477 0.61503 143,241 276,630 7.80 
80-84 21,819 0.49784 81,704 133,389 6.11 
85-89 10,862 0.35756 36,866 51,685 4.76 
90-94 3,884 0.23050 11,948 14,819 3.82 
95-99 895 0.13868 2,549 2,871 3.21 
100+ 124 318 322 2.60 

Females 
ae;e ErrOUP Ix Px nLx Tx ex 

<1 100,000 0.92517 94,388 6,476,551 64.77 
1-4 92,517 0.97476 365,398 6,382,163 68.98 
5-9 90,182 0.99054 448,777 6,016,765 66.72 

10-14 89,329 0.99207 444,873 5,567,988 62.33 
15-19 88,620 0.98899 440,663 5,123,115 57.81 
20-24 87,645 0.98479 434,891 4,682,452 53.43 
25-29 86,312 0.98078 427,412 4,247,561 49.21 
30-34 84,653 0.98353 419,781 3,820,149 45.13 
35-39 83,259 0.98290 412,737 3,400,368 40.84 
40-44 81,835 0.97957 404,999 2,987,631 36.51 
45-49 80,164 0.97367 395,543 2,582,632 32.22 
50-54 78,053 0.96204 382,859 2,187,089 28.02 
55-59 75,090 0.95025 366,113 1,804,230 24.03 
60-64 71,355 0.93259 344,749 1,438,117 20.15 
65-69 66,545 0.89882 315,893 1,093,368 16.43 
70-74 59,812 0.83660 274,627 777,475 13.00 
75-79 50,039 0.73797 217,414 502,847 10.05 
80-84 36,927 0.62881 150,368 285,433 7.73 
85-89 23,220 0.48920 86,448 135,065 5.82 
90-94 11,359 0.29818 36,866 48,617 4.28 
95-99 3,387 0.18849 10,064 11,751 3.47 
100+ 638 1,650 1,687 2.64 



316 

Cohort Born 1896-01 Males 
age irroup Ix Px nLx Tx ex 

<1 100,000 0.91535 93,651 6,072,558 60.73 
1-4 91,535 0.97216 361,042 5,978,907 65.32 
5-9 88,986 0.98875 442,430 5,617,864 63.13 

10-14 87,986 0.99192 438,150 5,175,434 58.82 
15-19 87,275 0.98807 433,771 4,737,283 54.28 
20-24 86,234 0.98459 427,848 4,303,513 49.91 
25-29 84,905 0.98549 421,446 3,875,665 45.65 
30-34 83,673 0.98568 415,371 3,454,219 41.28 
35-39 82,475 0.98234 408,734 3,038,848 36.85 
40-44 81,018 0.97844 400,724 2,630,113 32.46 
45-49 79,271 0.97168 390,744 2,229,389 28.12 
50-54 77,026 0.95535 376,534 1,838,645 23.87 
55-59 73,587 0.92934 354,937 1,462,111 19.87 
60-64 68,388 0.88544 322,352 1,107,174 16.19 
65-69 60,553 0.81941 275,427 784,822 12.96 
70-74 49,618 0.73568 215,302 509,395 10.27 
75-79 36,503 0.63100 148,841 294,093 8.06 
80-84 23,033 0.51053 86,981 145,252 6.31 
85-89 11,759 0.37633 40,461 58,271 4.96 
90-94 4,425 0.27319 14,086 17,810 4.02 
95-99 1,209 0.11291 3,364 3,724 3.08 
100+ 137 353 360 2.64 

Females 
age group Ix Px nLx Tx ex 

<1 100,000 0.92925 94,694 6,612,674 66.13 
1-4 92,925 0.97362 366,798 6,517,979 70.14 
5-9 90,474 0.99134 450,410 6,151,181 67.99 

10-14 89,690 0.99439 447,193 5,700,771 63.56 
15-19 89,187 0.98996 443,694 5,253,579 58.91 
20-24 88,291 0.98488 438,117 4,809,885 54.48 
25-29 86,956 0.98635 431,811 4,371,768 50.28 
30-34 85,769 0.98393 425,397 3,939,957 45.94 
35-39 84,390 0.98520 418,829 3,514,560 41.65 
40-44 83,142 0.98266 412,103 3,095,731 37.23 
45-49 81,700 0.97350 403,086 2,683,627 32.85 
50-54 79,535 0.96748 391,206 2,280,541 28.67 
55-59 76,948 0.95803 376,666 1,889,335 24.55 
60-64 73,719 0.93593 356,784 1,512,670 20.52 
65-69 68,995 0.89712 327,230 1,155,886 16.75 
70-74 61,897 0.83985 284,703 828,655 13.39 
75-79 51,984 0.76166 228,947 543,952 10.46 
80-84 39,594 0.64715 163,045 315,005 7.96 
85-89 25,624 0.49048 95,479 151,960 5.93 
90-94 12,568 0.34312 42,200 56,482 4.49 
95-99 4,312 0.15591 12,462 14,281 3.31 
100+ 672 1,763 1,820 2.71 



317 

Cohort Born 1901-06 Males 
age group Ix Px nLx Tx ex 

<1 100,000 0.91819 93,864 6,194,483 61.94 
1-4 91,819 0.97721 363,093 6,100,619 66.44 
5-9 89,727 0.99051 446,507 5,737,526 63.94 

10-14 88,876 0.99232 442,671 5,291,020 59.53 
15-19 88,193 0.98986 438,728 4,848,349 54.97 
20-24 87,299 0.98670 433,591 4,409,621 50.51 
25-29 86,138 0.98687 427,862 3,976,030 46.16 
30-34 85,007 0.98759 422,399 3,548,168 41.74 
35-39 83,952 0.98504 416,622 3,125,769 37.23 
40-44 82,697 0.98292 409,952 2,709,147 32.76 
45-49 81,284 0.97333 401,001 2,299,195 28.29 
50-54 79,116 0.95731 387,137 1,898,193 23.99 
55-59 75,738 0.92957 365,357 1,511,056 19.95 
60-64 70,404 0.88093 331,065 1,145,699 16.27 
65-69 62,022 0.81869 281,995 814,634 13.13 
70-74 50,776 0.73655 220,440 532,639 10.49 
75-79 37,399 0.64528 153,831 312,199 8.35 
80-84 24,133 0.52340 91,911 158,368 6.56 
85-89 12,631 0.42275 44,927 66,457 5.26 
90-94 5,340 0.26875 16,937 21,530 4.03 

,-----------------------------------
95-99 ___ !,j_3_5~ 0.13588 4,075 4,593 3.20 

---------
100+ 195 505 518 2.66 

Females 
age irroup Ix Px nLx Tx ex 

<1 100,000 0.93264 94,948 6,752,309 67.52 
1-4 93,264 0.97701 368,769 6,657,361 71.38 
5-9 91,120 0.99179 453,731 6,288,592 69.01 

10-14 90,372 0.99344 450,379 5,834,861 64.56 
15-19 89,779 0.98981 446,610 5,384,483 59.97 
20-24 88,865 0.98763 441,575 4,937,873 55.57 
25-29 87,766 0.98675 435,921 4,496,297 51.23 
30-34 86,603 0.98720 430,243 4,060,376 46.89 
35-39 85,494 0.98597 424,473 3,630,133 42.46 
40-44 84,295 0.98462 418,233 3,205,660 38.03 
45-49 82,999 0.97878 410,589 2,787,427 33.58 
50-54 81,237 0.97144 400,385 2,376,837 29.26 
55-59 78,917 0.96038 386,767 1,976,453 25.04 
60-64 75,790 0.93467 366,570 1,589,686 20.97 
65-69 70,838 0.90223 336,877 1,223,116 17.27 
70-74 63,913 0.84679 295,083 886,238 13.87 
75-79 54,120 0.77951 240,769 591,156 10.92 
80-84 42,187 0.66045 175,125 350,386 8.31 
85-89 27,863 0.53600 106,993 175,261 6.29 
90-94 14,934 0.34383 50,173 68,269 4.57 ,-----------------------------------
95-99 ---~'_1_3_5_: 0.19504 15,341 18,095 3.52 ---------
100+ 1,002 2,653 2,754 2.75 

Note: Figures below the broken line denote proJected numbers 



318 

Cohort Born 1906-11 Males 
age group lx Px nLx Tx ex 

<1 100,000 0.92731 94,548 6,317,816 63.18 
1-4 92,731 0.98087 367,376 6,223,268 67.11 
5-9 90,957 0.98775 452,001 5,855,891 64.38 

10-14 89,843 0.99238 447,504 5,403,891 60.15 
15-19 89,158 0.99075 443,730 4,956,387 55.59 
20-24 88,334 0.98735 438,875 4,512,657 51.09 
25-29 87,217 0.98837 433,546 4,073,782 46.71 
30-34 86,202 0.98710 428,229 3,640,236 42.23 
35-39 85,090 0.98794 422,884 3,212,006 37.75 
40-44 84,064 0.98431 417,022 2,789,123 33.18 
45-49 82,745 0.97576 408,710 2,372,101 28.67 
50-54 80,739 0.95742 395,100 1,963,391 24.32 
55-59 77,301 0.92299 371,622 1,568,292 20.29 
60-64 71,348 0.88101 335,514 1,196,670 16.77 
65-69 62,858 0.83000 287,576 861,155 13.70 
70-74 52,172 0.75924 229,460 573,579 10.99 
75-79 39,612 0.65780 164,171 344,120 8.69 
80-84 26,057 0.55785 101,481 179,949 6.91 
85-89 14,536 0.43557 52,168 78,468 5.40 ·----------- -- - - - -------
90-94 ---~._3_3_1J 0.28619 20,358 26,300 4.15 

---------
95-99 1,812 0.14960 5,208 5,942 3.28 
100+ 271 711 734 2.71 

Females 
age group lx Px nLx Tx ex 

<1 100,000 0.94174 95,631 6,958,587 69.59 
1-4 94,174 0.98201 373,308 6,862,957 72.88 
5-9 92,480 0.98972 460,023 6,489,649 70.17 

10-14 91,529 0.99408 456,291 6,029,625 65.88 
15-19 90,987 0.99217 453,155 5,573,334 61.25 
20-24 90,275 0.98948 448,998 5,120,179 56.72 
25-29 89,325 0.98892 444,149 4,671,180 52.29 
30-34 88,335 0.98890 439,223 4,227,031 47.85 
35-39 87,354 0.98762 434,067 3,787,808 43.36 
40-44 86,273 0.98733 428,629 3,353,741 38.87 
45-49 85,179 0.98273 422,218 2,925,112 34.34 
50-54 83,708 0.97525 413,360 2,502,894 29.90 
55-59 81,636 0.95931 399,876 2,089,534 25.60 
60-64 78,314 0.93905 379,638 1,689,657 21.58 
65-69 73,541 0.90961 351,086 1,310,019 17.81 
70-74 66,893 0.85992 311,042 958,933 14.34 
75-79 57,523 0.78110 256,136 647,891 11.26 
80-84 44,931 0.68951 189,780 391,755 8.72 
85-89 30,981 0.54851 119,935 201,975 6.52 ---------- - - - - -------
90-94 - _ !~,_9_9_3~ 0.37974 58,616 82,040 4.83 

---------
95-99 6,453 0.21332 19,574 23,425 3.63 
100+ 1,377 3,685 3,850 2.80 

Note: Figures below the broken line denote proJected numbers 



319 

Cohort Born 1911-16 Males 
age group Ix Px nLx Tx ex 

<1 100,000 0.93967 95,475 6,465,328 64.65 
1-4 93,967 0.97882 371,887 6,369,853 67.79 
5-9 91,977 0.98975 457,528 5,997,965 65.21 

10-14 91,035 0.99379 453,760 5,540,437 60.86 
15-19 90,470 0.99063 450,229 5,086,677 56.23 
20-24 89,622 0.98862 445,561 4,636,447 51.73 
25-29 88,602 0.98749 440,239 4,190,887 47.30 
30-34 87,494 0.98969 435,213 3,750,647 42.87 
35-39 86,592 0.98824 430,411 3,315,434 38.29 
40-44 85,573 0.98552 424,766 2,885,023 33.71 
45-49 84,334 0.97417 416,222 2,460,257 29.17 
50-54 82,155 0.95342 401,209 2,044,035 24.88 
55-59 78,328 0.92614 377,179 1,642,826 20.97 
60-64 72,543 0.88797 342,399 1,265,647 17.45 
65-69 64,416 0.83862 296,093 923,249 14.33 
70-74 54,021 0.76732 238,680 627,156 11.61 
75-79 41,451 0.69969 176,135 388,476 9.37 
80-84 29,003 0.59190 115,424 212,341 7.32 1-----------------------------------
85-89 __ ! ?,_1_~7_: 0.46451 62,853 96,917 5.65 ---------
90-94 7,974 0.30331 25,982 34,064 4.27 
95-99 2,419 0.16134 7,022 8,082 3.34 
100+ 390 1,026 1,060 2.72 

Females 
age group Ix Px nLx Tx ex 

<1 100,000 0.95275 96,457 7,143,603 71.44 
1-4 95,275 0.98078 377,439 7,047,146 73.97 
5-9 93,444 0.99156 465,248 6,669,708 71.38 

10-14 92,655 0.99436 461,970 6,204,459 66.96 
15-19 92,133 0.99277 458,997 5,742,489 62.33 
20-24 91,466 0.99076 455,219 5,283,492 57.76 
25-29 90,621 0.99029 450,907 4,828,272 53.28 
30-34 89,741 0.99118 446,728 4,377,366 48.78 
35-39 88,950 0.99150 442,859 3,930,637 44.19 
40-44 88,194 0.98940 438,631 3,487,778 39.55 
45-49 87,259 0.98393 432,789 3,049,147 34.94 
50-54 85,857 0.97319 423,529 2,616,359 30.47 
55-59 83,555 0.96153 409,739 2,192,829 26.24 
60-64 80,340 0.94044 389,739 1,783,090 22.19 
65-69 75,555 0.90844 360,482 1,393,351 18.44 
70-74 68,637 0.86346 319,758 1,032,870 15.05 
75-79 59,266 0.81552 268,996 713,111 12.03 
80-84 48,332 0.71872 207,674 444,115 9.19 1-----------------------------------
85-89 __ ~1,_7_3_7~ 0.57354 136,652 236,441 6.81 ---------
90-94 19,923 0.40187 69,825 99,789 5.01 
95-99 8,007 0.23244 24,669 29,965 3.74 
100+ 1,861 5,035 5,296 2.85 

Note: Figures below the broken line denote projected numbers 



320 

Cohort Born 1916-21 Males 
age group lx Px nLx Tx ex 

<1 100,000 0.94603 95,952 6,617,357 66.17 
1-4 94,603 0.98028 374,680 6,521,405 68.93 
5-9 92,737 0.99200 461,831 6,146,725 66.28 

10-14 91,995 0.99474 458,769 5,684,894 61.80 
15-19 91,512 0.99094 455,488 5,226,125 57.11 
20-24 90,683 0.98609 450,263 4,770,637 52.61 
25-29 89,422 0.98895 444,639 4,320,374 48.31 
30-34 88,434 0.99116 440,212 3,875,736 43.83 
35-39 87,651 0.99017 436,104 3,435,523 39.20 
40-44 86,790 0.98515 430,727 2,999,420 34.56 
45-49 85,501 0.97234 421,593 2,568,692 30.04 
50-54 83,136 0.95588 406,510 2,147,100 25.83 
55-59 79,468 0.93018 383,467 1,740,590 21.90 
60-64 73,919 0.89611 350,397 1,357,122 18.36 
65-69 66,240 0.84859 306,125 1,006,725 15.20 
70-74 56,210 0.80236 253,278 700,600 12.46 
75-79 45,101 0.72975 195,033 447,322 9.92 ·---------- - - - - -------
80-84 --~~,_9_1_~ 0.61879 133,195 252,290 7.67 

---------
85-89 20,366 0.48423 75,568 119,094 5.85 
90-94 9,862 0.32349 32,630 43,526 4.41 
95-99 3,190 0.17469 9,369 10,896 3.42 
100+ 557 1,473 1,528 2.74 

Females 
age group lx Px nLx Tx ex 

<1 100,000 0.95785 96,838 7,328,420 73.28 
1-4 95,785 0.98178 379,648 7,231,581 75.50 
5-9 94,040 0.99321 468,603 6,851,933 72.86 

10-14 93,402 0.99671 466,238 6,383,330 68.34 
15-19 93,094 0.99401 464,075 5,917,092 63.56 
20-24 92,536 0.99202 460,835 5,453,017 58.93 
25-29 91,798 0.99180 457,106 4,992,182 54.38 
30-34 91,045 0.99390 453,835 4,535,076 49.81 
35-39 90,489 0.99249 450,748 4,081,241 45.10 
40-44 89,810 0.99012 446,830 3,630,493 40.42 
45-49 88,922 0.98244 440,709 3,183,663 35.80 
50-54 87,361 0.97426 431,185 2,742,954 31.40 
55-59 85,113 0.96278 417,644 2,311,770 27.16 
60-64 81,945 0.94589 398,640 1,894,125 23.11 
65-69 77,511 0.91716 371,502 1,495,486 19.29 
70-74 71,090 0.88299 334,654 1,123,983 15.81 
75-79 62,772 0.83168 287,445 789,329 12.57 
80-84 __ ~~,_2_Q.6J 0.73959 227,043 501,884 9.61 

---------85-89 38,611 0.60145 154,584 274,842 7.12 
90-94 23,223 0.42067 82,480 120,258 5.18 
95-99 9,769 0.25435 30,635 37,778 3.87 
100+ 2,485 6,766 7,144 2.87 

Note: Figures below the broken line denote projected numbers 



321 

Cohort Born 1921-26 Males 
age J?TOUP Ix Px n4 Tx ex 

<1 100,000 0.95224 96,179 6,824,501 68.25 
1-4 95,224 0.98524 378,084 6,728,323 70.66 
5-9 93,818 0.99307 467,466 6,350,239 67.69 

10-14 93,168 0.99464 464,590 5,882,773 63.14 
15-19 92,668 0.99199 461,487 5,418,183 58.47 
20-24 91,926 0.98758 456,776 4,956,696 53.92 
25-29 90,784 0.99244 452,207 4,499,920 49.57 
30-34 90,098 0.99210 448,712 4,047,713 44.93 
35-39 89,386 0.99037 444,781 3,599,001 40.26 
40-44 88,526 0.98436 439,167 3,154,220 35.63 
45-49 87,141 0.97441 430,129 2,715,053 31.16 
50-54 84,911 0.95662 415,345 2,284,923 26.91 
55-59 81,227 0.93596 393,132 1,869,578 23.02 
60-64 76,025 0.90532 362,132 1,476,446 19.42 
65-69 68,827 0.87258 322,212 1,114,315 16.19 
70-74 60,058 0.82618 274,190 792,103 13.19 1-----------------------------------
75-79 --~~._6_1_9J 0.75639 217,874 517,913 10.44 ---------80-84 37,531 0.64438 154,289 300,038 7.99 
85-89 24,184 0.50212 90,820 145,750 6.03 
90-94 12,143 0.33679 40,583 54,930 4.52 
95-99 4,090 0.19109 12,178 14,347 3.51 
100+ 782 2,082 2,169 2.78 

Females 
age EITOUP Ix Px nLx Tx Cx 

<1 100,000 0.96175 96,940 7,490,329 74.90 
1-4 96,175 0.98541 381,892 7,393,390 76.87 
5-9 94,771 0.99408 472,453 7,011,498 73.98 

10-14 94,210 0.99594 470,092 6,539,045 69.41 
15-19 93,827 0.99540 468,055 6,068,953 64.68 
20-24 93,395 0.99310 465,364 5,600,898 59.97 
25-29 92,750 0.99519 462,638 5,135,535 55.37 
30-34 92,305 0.99558 460,505 4,672,897 50.62 
35-39 91,897 0.99319 457,921 4,212,392 45.84 
40-44 91,271 0.98875 453,789 3,754,471 41.14 
45-49 90,244 0.98252 447,278 3,300,682 36.57 
50-54 88,667 0.97591 437,994 2,853,404 32.18 
55-59 86,531 0.96338 424,730 2,415,411 27.91 
60-64 83,361 0.94637 405,630 1,990,681 23.88 
65-69 78,891 0.92874 380,399 1,585,051 20.09 
70-74 73,269 0.89769 347,605 1,204,652 16.44 ·---------- - - -------
75-79 --~~._7_7_3_; 0.84419 303,244 857,047 13.03 ---------
80-84 55,525 0.75980 244,281 553,803 9.97 
85-89 42,188 0.62003 170,864 309,521 7.34 
90-94 26,158 0.43392 93,770 138,657 5.30 
95-99 11,350 0.26923 36,016 44,886 3.95 
100+ 3,056 8,373 8,871 2.90 

Note: Figures below the broken line denote proJected numbers 



Cohort Born 1926-31 Males ,..;....::...;~~-r------____:...;=:..:..---------, 
age group 

<1 
1-4 
5-9 

10-14 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 ---------75-79 
80-84 
85-89 
90-94 
95-99 
100+ 

age group 
<1 
1-4 
5-9 

10-14 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 

---------75-79 
80-84 
85-89 
90-94 
95-99 
100+ 

100,000 0.95997 96,797 7,045,328 70.45 
95,997 0.98813 381,707 6,948,530 72.38 
94,857 0.99332 472,700 6,566,824 69.23 
94,223 0.99490 469,914 6,094,124 64.68 
93,743 0.99281 467,027 5,624,210 60.00 
93,068 0.99175 463,423 5,157,183 55.41 
92,301 0.99281 459,844 4,693,760 50.85 
91,637 0.99315 456,614 4,233,916 46.20 
91,009 0.98959 452,675 3,777,302 41.50 
90,061 0.98465 446,850 3,324,628 36.92 
88,679 0.97413 437,660 2,877,777 32.45 
86,385 0.96373 424,091 2,440,118 28.25 
83,252 0.94184 404,153 2,016,026 24.22 
78,410 0.92195 376,748 1,611,873 20.56 
72,290 0.89197 341,923 1,235,125 17.09 
64,48o:-oj4674--297,693 - - 893,201 - - -1-3.85 

-------~ 
54,598 0.77878 242,793 595,508 
42,520 0.66686 177,186 352,715 
28,355 0.51919 107,691 175,529 
14,722 0.35084 49,716 67,839 
5,165 0.20175 15,517 18,122 
1,042 2,605 2,605 

Females 
Ix Px nLx Tx 

100,000 0.96813 97,450 7,693,534 
96,813 0.98942 385,203 7,596,084 
95,789 0.99452 477,632 7,210,881 
95,264 0.99687 475,576 6,733,249 
94,966 0.99585 473,845 6,257,674 
94,572 0.99632 471,988 5,783,829 
94,223 0.99672 470,345 5,311,841 
93,915 0.99561 468,542 4,841,496 
93,502 0.99392 466,089 4,372,955 
92,934 0.98944 462,213 3,906,866 
91,952 0.98344 455,952 3,444,653 
90,429 0.97782 447,132 2,988,700 
88,424 0.96591 434,583 2,541,568 
85,409 0.95530 417,501 2,106,985 
81,591 0.93775 395,258 1,689,484 
76,512: 0.90994 365,333 1,294,226 ~-------J 
69,621 0.85439 322,762 928,893 
59,484 0.76972 263,173 606,131 
45,786 0.63444 187,085 342,958 
29,048 0.44831 105,177 155,873 
13,022 0.27860 41,626 50,696 
3,628 9,070 9,070 

10.91 
8.30 
6.19 
4.61 
3.51 
2.50 

ex 
76.94 
78.46 
75.28 
70.68 
65.89 
61.16 
56.38 
51.55 
46.77 
42.04 
37.46 
33.05 
28.74 
24.67 
20.71 
16.92 
13.34 
10.19 
7.49 
5.37 
3.89 
2.50 

Note: Figures below the broken line denote projected numbers 
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Cohort Born 1931-36 
Males 

age group lx 

<1 100,000 
1-4 96,341 
5-9 95,206 

10-14 94,733 
15-19 94,303 
20-24 93,671 
25-29 92,867 
30-34 92,330 
35-39 91,593 
40-44 90,702 
45-49 89,375 
50-54 87,423 
55-59 84,263 
60-64 80,284 

Px 
0.96341 
0.98822 
0.99503 
0.99546 
0.99330 
0.99141 
0.99422 
0.99202 
0.99027 
0.98537 
0.97816 
0.96385 
0.95279 
0.93571 ~--------

65-69 __ 75,123: 0.90364 --------
70-74 67,884 0.85963 
75-79 58,356 0.79359 
80-84 46,311 0.68406 
85-89 31,679 0.53433 
90-94 16,927 0.36154 
95-99 6,120 

Females 

age lITOUP lx Px 
<1 100,000 0.97144 
1-4 97,144 0.99070 
5-9 96,241 0.99557 

10-14 95,814 0.99644 
15-19 95,473 0.99703 
20-24 95,189 0.99738 
25-29 94,940 0.99716 
30-34 94,670 0.99606 
35-39 94,297 0.99373 
40-44 93,706 0.98921 
45-49 92,695 0.98390 
50-54 91,203 0.97775 
55-59 89,174 0.97064 
60-64 86,556 0.96191 r---------
65-69 __ 83,259: 0.94768 --------
70-74 78,903 0.91947 
75-79 72,549 0.86931 
80-84 63,068 0.78266 
85-89 49,360 0.64692 
90-94 31,932 0.46534 
95-99 14,859 

Note: Figures below the broken line denote projected numbers 

Cohort Born 1936-41 
Males 

age £rOUp lx 
<1 100,000 
1-4 96,497 
5-9 95,557 

10-14 95,082 
15-19 94,759 
20-24 94,204 
25-29 93,582 
30-34 92,949 
35-39 92,326 
40-44 91,500 
45-49 90,331 
50-54 88,607 
55-59 86,128 

Px 
0.96497 
0.99026 
0.99503 
0.99661 
0.99414 
0.99340 
0.99323 
0.99330 
0.99105 
0.98722 
0.98092 
0.97202 
0.96182 

,---------
60-64 82,840: 0.94628 -------- --------
65-69 78,389 0.91748 
70-74 71,920 0.87262 
75-79 62,759 0.80948 
80-84 50,802 0.69944 
85-89 35,533 0.54777 
90-94 19,464 

Females 
age group lx Px 

<1 100,000 0.97296 
1-4 97,296 0.99155 
5-9 96,474 0.99651 

10-14 96,137 0.99847 
15-19 95,990 0.99775 
20-24 95,775 0.99770 
25-29 95,555 0.99697 
30-34 95,265 0.99583 
35-39 94,867 0.99410 
40-44 94,308 0.99107 
45-49 93,466 0.98683 
50-54 92,235 0.98103 
55-59 90,485 0.97634 r---------
60-64 88,344• 0.96768 -------- --------' 
65-69 85,489 0.95429 
70-74 81,581 0.92979 
75-79 75,854 0.87910 
80-84 66,683 0.79341 
85-89 52,907 0.65505 
90-94 34,657 

Note: Figures below the broken line denote projected numbers 



Cohort Born 1941-46 
Males 

age irrOUP Ix 

<1 100,000 
1-4 96,749 
5-9 95,920 

10-14 95,604 
15-19 95,357 
20-24 94,867 
25-29 94,149 
30-34 93,576 
35-39 92,962 
40-44 92,199 
45-49 91,162 
50-54 89,669 

Px 

0.96749 
0.99143 
0.99671 
0.99741 
0.99486 
0.99243 
0.99391 
0.99345 
0.99179 
0.98875 
0.98362 
0.97762 r--------

55-59 __ ~!!~~~: 0.96927 --------
60-64 84,968 0.95798 
65-69 81,398 0.92911 
70-74 75,628 0.88026 
75-79 66,572 0.82104 
80-84 54,658 0.70674 
85-89 38,629 

Females 

age irrOUP Ix Px 

<1 100,000 0.97522 
1-4 97,522 0.99294 
5-9 96,834 0.99784 

10-14 96,624 0.99815 
15-19 96,445 0.99790 
20-24 96,243 0.99742 
25-29 95,995 0.99717 
30-34 95,723 0.99598 
35-39 95,338 0.99496 
40-44 94,858 0.99241 
45-49 94,138 0.98809 
50-54 93,017 0.98513 r---------55-59 91,633 1 0.98176 -------- ------~-' 
60-64 89,962 0.97564 
65-69 87,770 0.96374 
70-74 84,587 0.93767 
75-79 79,315 0.88824 
80-84 70,451 0.79849 
85-89 56,254 

Note: Figures below the broken line denote projected numbers 

Cohort Born 1946-51 
Males 

age group Ix 

<1 100,000 
1-4 97,176 
5-9 96,656 

10-14 96,408 
15-19 96,180 
20-24 95,597 
25-29 94,878 
30-34 94,269 
35-39 93,655 
40-44 92,922 
45-49 91,997 

Px 
0.97176 
0.99465 
0.99743 
0.99763 
0.99394 
0.99248 
0.99358 
0.99349 
0.99217 
0.99004 
0.98696 ,---------

50-54 -- 90,797: 0.98101 --------
55-59 89,073 0.97515 
60-64 86,859 0.96542 
65-69 83,855 0.93813 
70-74 78,667 0.88917 
75-79 69,949 0.82886 
80-84 57,978 

Females 
age in"OUP Ix Px 

<1 100,000 0.97793 
1-4 97,793 0.99539 
5-9 97,342 0.99837 

10-14 97,184 0.99847 
15-19 97,035 0.99784 
20-24 96,825 0.99730 
25-29 96,564 0.99693 
30-34 96,268 0.99636 
35-39 95,918 0.99489 
40-44 95,428 0.99263 
45-49 94,725 0.99109 r---------
50-54 __ 93,880: 0.98767 --------
55-59 92,723 0.98591 
60-64 91,417 0.97819 
65-69 89,423 0.96702 
70-74 86,474 0.94244 
75-79 81,496 0.89331 
80-84 72,801 

Note: Figures below the broken line denote projected numbers 



Cohort Born 1951-56 
Males 

age group Ix 
<1 100,000 
1-4 97,617 
5-9 97,133 

10-14 96,912 
15-19 96,667 
20-24 95,983 
25-29 95,112 
30-34 94,456 
35-39 93,818 
40-44 93,050 
45-49 92,288: -------- --------· 
50-54 91,352 
55-59 89,834 
60-64 88,051 
65-69 85,515 
70-74 80,894 
75-79 72,542 

Px 
0.97617 
0.99504 
0.99773 
0.99747 
0.99293 
0.99092 
0.99311 
0.99324 
0.99182 
0.99181 
0.98986 
0.98338 
0.98015 
0.97120 
0.94596 
0.89675 

Females 
age group Ix Px 

<1 100,000 0.98139 
1-4 98,139 0.99564 
5-9 97,711 0.99825 

10-14 97,540 0.99862 
15-19 97,405 0.99737 
20-24 97,149 0.99711 
25-29 96,869 0.99711 
30-34 96,589 0.99643 
35-39 96,244 0.99556 
40-44 95,817 0.99471 
45-49 95,310: 0.99249 --------

________ , 

50-54 94,594 0.99000 
55-59 93,648 0.98797 
60-64 92,522 0.98004 
65-69 90,675 0.96914 
70-74 87,877 0.94626 
75-79 83,154 

Note: Figures below the broken line denote projected numbers 

Cohort Born 1956-61 
Males 

age group Ix 
<1 100,000 
1-4 98,323 
5-9 97,983 

10-14 97,851 
15-19 97,705 
20-24 97,429 
25-29 97,106 
30-34 96,800 
35-39 96,488 

Px 
0.98323 
0.99654 
0.99865 
0.99851 
0.99717 
0.99668 
0.99685 
0.99678 
0.99645 ~--------

40-44 __ ??1!1~: 0.99597 --------
45-49 95,757 0.99333 
50-54 95,118 0.99227 
55-59 94,383 0.99012 
60-64 93,450 0.98173 
65-69 91,743 0.97122 
70-74 89,103 

Females 
age group Ix Px 

<1 100,000 0.98323 
1-4 98,323 0.99654 
5-9 97,983 0.99865 

10-14 97,851 0.99851 
15-19 97,705 0.99717 
20-24 97,429 0.99668 
25-29 97,106 0.99685 
30-34 96,800 0.99678 
35-39 96,488 0.99645 

,----------
40-44 96,145 1 0.99597 -------- ________ J 

45-49 95,757 0.99333 
50-54 95,118 0.99227 
55-59 94,383 0.99012 
60-64 93,450 0.98173 
65-69 91,743 0.97122 
70-74 89,103 

Note: Figures below the broken line denote projected numbers 
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APPENDIX EIGHT: 

INDICES OF COMPRESSION OF MORTALITY CALCULATED BASED ON 

NON-MAORI SYNTHETIC LIFE TABLES, AT BIRTH AND AT AGE 65 YEARS, 

BY GENDER, 1971-1996 

Non-Maori Males 
1970-72 1975-77 1980-82 1985-87 1990-92 1995-97 

At birth 

life expectancy ( eo) 69.1 69.4 70.8 71.4 73.4 75.3 
person-year differential (PD) 26.74 26.43 26.20 26.39 25.90 24.08 
person-year ratio (PR) 0.2791 0.2759 0.2703 0.2700 0.2609 0.2423 
standard deviation (SD) 17.50 17.71 16.97 16.95 16.56 15.73 
coefficient of variation (CV) 0.2534 0.2553 0.2398 0.2375 0.2257 0.2088 
numerator of entropy (NH) 12.37 12.45 12.07 12.06 11.81 11.13 
entropy (H) 0.1791 0.1795 0.1706 0.1689 0.1610 0.1478 

At age 65 years 

life expectancy (e6s) 12.6 12.9 13.4 13.7 14.9 15.8 

person-year differential (PD) 18.95 18.63 19.27 19.68 19.87 18.95 

person-year ratio (PR) 0.6008 0.5914 0.5902 0.5890 0.5717 0.5455 

standard deviation (SD) 7.38 7.42 7.63 7.73 8.01 8.05 

coefficient of variation (CV) 0.5855 0.5759 0.5699 0.5628 0.5375 0.5100 

numerator of entropy (NH) 6.85 6.85 7.05 7.15 7.34 7.27 

entropy (H) 0.5435 0.5318 0.5267 0.5202 0.4926 0.4606 

Non-Maori Females 
1970-72 1975-77 1980-82 1985-87 1990-92 1995-97 

At birth 

life expectancy ( eo) 75.2 75.9 76.9 77.4 79.2 80.6 

person-year differential (PD) 23.32 22.93 23.77 23.52 23.08 21.24 

person-year ratio (PR) 0.2368 0.2321 0.2363 0.2331 0.2256 0.2086 

standard deviation (SD) 16.54 16.62 16.23 15.95 15.14 14.50 

coefficient of variation (CV) 0.2201 0.2190 0.2112 0.2060 0.1911 0.1799 

numerator of entropy (NH) 11.19 11.28 11.25 11.05 10.67 10.05 

entropy (H) 0.1488 0.1487 0.1464 0.1428 0.1346 0.1247 

At age 65 years 

life expectancy ( e6s) 16.0 16.7 17.2 17.5 18.6 19.3 

person-year differential (PD) 17.77 17.41 18.71 18.74 18.98 17.66 

person-year ratio (PR) 0.5259 0.5107 0.5208 0.5171 0.5050 0.4776 

standard deviation (SD) 7.79 8.01 8.33 8.30 8.48 8.39 

coefficient of variation (CV) 0.4858 0.4803 0.4837 0.4741 0.4556 0.4339 

numerator of entropy (NH) 6.94 7.08 7.39 7.36 7.47 7.26 

entropy (H) 0.4332 0.4247 0.4292 0.4204 0.4011 0.3756 
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APPENDIX NINE: 

INDICES OF COMPRESSION OF MORTALITY CALCULATED BASED ON 

NON-MAORI COHORT LIFE TABLES FOR COHORTS BORN BETWEEN 

1851 AND 1901, AT BIRTH AND AT AGE 65 YEARS, BY GENDER 

Non-Maori Males 
1851-61 1861-71 1871-81 1881-91 1891-01 

At birth 

life expectancy ( eo) - - 55.5 58.2 60.2 
person-year differential (PD) - - 40.41 37.72 36.74 
person-year ratio (PR) - - 0.4214 0.3933 0.3750 
standard deviation (SD) - - 29.82 28.34 27.37 
coefficient of variation (CV) - - 0.5373 0.4868 0.4549 
numerator of entropy (NH) - - 22.05 20.40 19.47 
entropy (H) - - 0.3973 0.3505 0.3237 

At age 65 years 

life expectancy ( e6s) 12.6 12.8 12.9 12.9 12.9 

person-year differential (PD) 18.69 19.49 20.02 20.09 21.19 

person-year ratio (PR) 0.5970 0.6029 0.6075 0.6098 0.6217 
standard deviation (SD) 7.14 7.28 7.47 7.41 7.66 
coefficient of variation (CV) 0.5651 0.5669 0.5769 0.5755 0.5937 
numerator of entropy (NH) 6.78 6.99 7.14 7.10 7.40 
entropy (H) 0.5370 0.5441 0.5516 0.5518 0.5729 

Non-Maori Females 
1851-61 1861-71 1871-81 1881-91 1891-01 

At birth 

life expectancy ( eo) - - 58.9 62.5 65.4 

person-year differential (PD) - - 39.62 37.09 35.86 
person-year ratio (PR) - - 0.4022 0.3726 0.3541 

standard deviation (SD) - - 29.95 28.81 28.07 

coefficient of variation (CV) - - 0.5086 0.4613 0.4290 
numerator of entropy (NH) - - 21.72 20.32 19.43 
entropy (H) - - 0.3688 0.3254 0.2969 

At age 65 years 

life expectancy ( e6s) 13.8 14.l 14.8 15.7 16.6 

person-year differential (PD) 19.07 19.86 19.94 20.05 21.03 

person-year ratio (PR) 0.5807 0.5848 0.5748 0.5617 0.5592 
standard deviation (SD) 7.42 7.72 7.94 8.08 8.49 

coefficient of variation (CV) 0.5379 0.5473 0.5378 0.5164 0.5119 
numerator of entropy (NH) 7.00 7.30 7.42 7.53 7.83 
entropy (H) 0.5080 0.5175 0.5024 0.4808 0.4723 
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