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Abstract

A model is proposed here to investigate how the relationships between health,

production, and wellbeing contribute to the achievement (or otherwise) of

potential government objectives. This model uses a basic general equilib-

rium framework with heterogeneous individuals and two goods (healthcare

and other). Public health and publically and privately provided healthcare

affect health level, which in turn affects productivity. Several different po-

tential objectives of the government agent are investigated, which determine

the distribution of public healthcare. The model is solved numerically to

understand the effects of the choices of government objectives including the

level of inequality aversion and varying tax rates. For governments with high

inequality aversion that maximise social welfare from utility, a non-zero tax

rate may be optimal, even with high levels of public health.
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Chapter 1

Introduction

Health is an important aspect of wellbeing, and it interacts with many other

aspects of wellbeing, including the ability to earn income and enjoy leisure

time. Most governments in the developed world choose to provide some level

of subsidised healthcare to their citizens, and this is typically a substantial

(and increasing) proportion of the annual government budget. In the OECD,

a typical country will spend about 9% of GDP on publically and privately

provided healthcare (OECD, 2017c). This may be for a number of reasons

including economic and humanitarian reasons. The primary aim of this work

is to investigate the optimal role for government in healthcare provision,

including how this varies with different government healthcare allocation

preferences.
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1.1 Definitions

An important distinction for this work is that between intrinsic health status,

health level, and healthcare service provision. Intrinsic health status is the

health level that a person would have in the absence of any medical care.

Many people will have intrinsically good health and not need any medical

care, but others may (for example) have the bad luck to be born with poor

health. As intrinsic health status affects the ability of individuals to get

insurance—those who are born with bad health are not normally offered

insurance—private health insurance is not included in this model.

Health level is the level of wellness a person experiences (after receiving

healthcare), including how they feel physically and mentally, how it affects

their ability to live the life they choose to lead, and how robust they are

to illness and injury. Healthcare service provision relates to the quality and

quantity of healthcare services available to help prevent and improve poor

health. Good healthcare service provision reduces the duration and effects of

illness and increases survival, but people experiencing good health will require

lower levels of healthcare services. Conversely, low levels of healthcare service

provision can lead to low levels of health, due to the unavailability of simple

and standard treatments for minor ailments that then escalate into more

major problems.

For the purposes of this work, we assume a single composite level of health

that is amenable to treatment. As different individuals have different in-

trinsic health statuses, this work also aims to understand how individual

heterogeneity affects the role of government in healthcare provision.
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1.2 Externalities

While an individual’s health level is obviously of great interest to that in-

dividual, it can also be of interest to other individuals—it has externalities.

There are three significant types of health-level externality: public health,

where one person’s poor health increases the risk of another’s health being

poor (for example, through a contagious disease); economic concerns where

one person’s treatment for poor health uses up resources that others might

otherwise have accessed; and altruistic concerns, where others may feel con-

cern about a person’s poor health. This work will also explicitly investigate

the effects of the first of these externalities, while the second appears in the

budget constraint and the third can be treated mathematically as a special

case of the first.

1.3 This Model

This work therefore aims to investigate the optimal role for government in

healthcare provision with four complicating factors:

• Individual heterogeneity of intrinsic health

• Externalities of health levels

• Imperfect information held by firms and government agents about in-

dividuals

• A range of different government objectives (discussed further below)
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It does this by developing and solving a model that allows us to understand

the way health, income, consumption, and wellbeing interact with each other

and with the provision of healthcare services by the government and the

private sector.

The results from the model demonstrate a role for public provision of health-

care when the population is heterogeneous, and the government has high

inequality aversion and maximises social welfare defined over individual util-

ity. However, governments that wish to maximise social welfare defined over

individual after-tax income should avoid taxing their population for health-

care, especially if they have high inequality aversion, as this may trigger a

perverse outcome.

In the following section, an extensive literature review is undertaken to clarify

the context for this work. It starts with a discussion on what wellbeing is

and how it is described. This is a topic for which there are several different

schools of thought, and it is useful to clarify which one this work relates to.

Next is an investigation into the role and objectives of government policy.

This can involve substantial value judgements, and this is dealt with here

by taking a pluralistic approach. The third subsection looks at the various

attempts that have been made to measure wellbeing and its various aspects

in practice, which is an important consideration for how governments might

incorporate the results of this work into their decision-making. Finally, two

models (Grossman (1972) and Fleurbaey (2005)) of the interaction between

health, healthcare, and income are described. These models are important

as they cover many of the same interactions as this work, but with some
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important differences.

After the literature review, the model that is used in this work is described.

This is a static model with individual agents who care about their utility,

firms that care about their profits, and a government that may care about

a range of different objectives including GDP, individual after-tax incomes,

health, wellbeing, and inequality.

Once the model is described mathematically, it can be solved numerically.

This is done for two individuals with homogeneous or heterogeneous health,

with and without taking account of public health, for seven different choices

of government objectives, and varying levels of inequality aversion. The

implications of these solutions are then be discussed.

The work concludes by bringing together the modelling results to obtain

qualitative understanding that can help inform government policy. It also

discusses the strengths and weaknesses of the approach, and how this might

be improved in future work.

Finally, the first appendix provides a glossary of all the variables and param-

eters used in this work (including the values used for the numerical solution),

and the second appendix contains the detailed mathematical derivations used

to develop the model.
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Chapter 2

Literature

In this chapter, an extensive literature review is undertaken to clarify the

context for this work. It starts with a discussion on what wellbeing is and

how it is described. Next is an investigation into the role and objectives of

government policy, and the third subsection looks at the various attempts

that have been made to measure wellbeing and its various aspects in prac-

tice. Finally, two models (Grossman (1972) and Fleurbaey (2005)) of the

interaction between health, healthcare, and income are described.

2.1 Wellbeing of Individuals and Societies

2.1.1 What is Wellbeing?

“Wellbeing” is a term that is used in two main ways. It may be used to refer

to subjective wellbeing, or to a more holistic concept that includes substantial

6



objective dimensions. Either way, wellbeing is a compound idea that is made

up of multiple dimensions.

When “wellbeing” refers to subjective wellbeing, it describes the subjective

experience of people, and as such it must be self-reported. It can refer to

life satisfaction, positive affect (e.g. feeling happy), or negative affect (e.g.

feeling sad). It (usually implicitly) incorporates people’s preferences. Ac-

cording to welfarist approaches, subjective wellbeing is the primary measure

of overall wellbeing, akin to economists’ traditional understanding of “util-

ity” (Bentham, 1789). Other dimensions of wellbeing, such as income, health,

other material standard-of-living indicators, and other quality-of-life indica-

tors, are contributors to subjective wellbeing. This is the position of Layard

(2005) and of Helliwell, Layard, and Sachs (2015). However, this approach

can come with significant measurement challenges, particularly when trying

to measure life satisfaction. Lucas (2016) summarises some of the challenges

in measuring subjective wellbeing; these include the effects of short-term in-

fluences on the respondent that should not affect their estimation of their

long-term life satisfaction such as question order, the local weather (distinct

from climate), and the mood of the respondent. It can also fail to distinguish

high life satisfaction due to low expectations; and high positive affect (for

example) due to drug taking from high subjective wellbeing due to a higher

quality of life.

The second main usage of “wellbeing” in the economics literature has a

broader meaning, and relates to the capability approach of Sen and others

(see for example Sen (1999) and Sen (2009)). In the capability approach, the
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emphasis is on the capability of individuals to live the life they have reason

to value, and thus health, education, the environment, and other dimensions

are as important as material wellbeing. Many of these capabilities can be

measured in objective terms; but an individual’s preferences become impor-

tant when one capability must be traded against another. In addition, there

is no standard way of describing the capabilities or measures that should

be included in this definition of wellbeing. A review of the dimensions that

could be important is given in Alkire (2002).

In the health literature, wellbeing (usually in a health sense) is commonly

measured by Quality-Adjusted Life Years (QALYs) or Disability-Adjusted

Life Years (DALYs). QALYs are measured relative to perfect health, which

takes the value 1 for each year of perfect health, and a lower value (deter-

mined from empirical studies) for each year of imperfect health. DALYs are

measured as number of years lost due to premature death, plus disability-

(and sometimes age-) weighted years spent with some type of disability. In

both cases, these measures are intended to help quantify the effect of health

on quality of life and ability to function. However, they are a health-specific

measure, and so do not take into account (for example) the effect of income

on quality of life, nor do they explicitly1 take into account the interaction

between health and income.

In this work, “wellbeing” will refer to the second (capability approach) defini-

tion of wellbeing, unless it is explicitly referred to as “subjective wellbeing”.

This corresponds with the meaning used by Stiglitz, Sen, and Fitoussi (2009)

1This interaction may be taken into account implicitly, depending on the methodology
used to determine the quality or disability weights.
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and most of the wellbeing measures described later in section 2.3 including

the OECD Better Life Index (OECD, 2017a) and their How’s Life series

(OECD, 2011); this type of wellbeing can also be influenced by government

policy more directly.

2.1.2 GDP and Wellbeing

Traditionally, GDP (Gross Domestic Product) has been used as a measure of

wellbeing when comparing countries, partially due to its standardised mea-

surement and single value, and partially due to the belief that income level

(despite the fact GDP measures production2) is a good proxy for wellbeing.

Standardised measurement is a very helpful feature to have for any inter-

nationally and intertemporally compared indicator, and a single value (as

opposed to, for example, a dashboard) is a valuable communication tool.

However, the belief that GDP is a good measure of welfare or wellbeing is

subject to much criticism; and is not the intended purpose of GDP. Simon

Kuznets, one of the original developers of GDP and GNI (Gross National

Income), stated “The welfare of a nation can, therefore, scarcely be inferred

from a measurement of national income as defined above.” (Kuznets, 1934,

p. 7). The System of National Accounts (UN, 2008) explicitly states that

GDP is not appropriate as a measure of welfare (paragraph 1.75). There

are a number of reasons for this, including that GDP includes production of

“regrettables” such as pollution (Nordhaus and Tobin, 1972); that it does not

2GNI, by contrast, measures Gross National Income. In each case, depreciation should
be deducted to come closer to a measure of material wellbeing, so NNI (Net National
Income) may be the best national accounts proxy of material wellbeing.
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include unmonetised production such as the cooking, cleaning, and childcare

that occurs within a family unit and may contribute substantially to welfare

(Waring and Steinem, 1988); it does not distinguish between sustainable

production and that which depletes capital of any type nor does it distinguish

between increased production for normal reasons and increased production to

deal with a problem like destruction caused by a major earthquake (Nordhaus

and Tobin, 1972); and it ignores the fact that welfare and wellbeing are not

just about economic or material wellbeing (Stiglitz, Sen, and Fitoussi, 2009).

In the last decade or so, the belief in income and GDP as good proxies for

wellbeing has been increasingly challenged by popular opinion as well as a

variety of authors.

The use of GDP or income as measures of wellbeing also raises the East-

erlin paradox. In this paradox, raised by Richard Easterlin (1974, see also

Easterlin et al., 2010), within a country richer people tend to be happier

than poorer people at any given time; but as GDP changes over time av-

erage happiness is (broadly) unchanged. This paradox can be resolved if it

is income relative to one’s near neighbours that is important for happiness

rather than absolute income levels. The paradox is also resolved if people

become habituated to recent levels of material wellbeing and so their happi-

ness reverts to a stable ‘set-point’ if they do not keep increasing their income

(possibly at a faster rate). However, Stevenson and Wolfers (2008) suggest

that poor data (both lack of data and measurement issues), regressing on

income instead of log-income, and conflating happiness with life satisfaction

have led to these conclusions; and once these problems are addressed there

is a positive relationship between GDP and life satisfaction over time and
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across countries with no saturation point. In addition, the subjective well-

being of an individual has also been shown to be sensitive to differences in

GDP per capita between their own country and other countries (Becchetti

et al., 2013; Grimes and Reinhardt, 2015).

2.1.3 Wellbeing of Individuals

At an individual level, wellbeing encompasses the things an individual values

as contributing to their quality of life. This includes their material conditions

such as their financial wealth and their consumption, but it also includes

things money can’t always buy, such as good health, clean air, and quality

friendships. Individuals will value these things differently according to their

preferences, which then makes it difficult to come up with a single value-

neutral number representing wellbeing from a dashboard approach.

It is also useful to think about the distinction between utility and capability.

Both are important. Utility can be described as the value we get from the

ends - how much we can consume, how healthy we are, how many quality

friendships we have etc. The capability approach (as described by Sen in his

body of work such as Sen, 1999 and Sen, 2009), is more about the process

and choices available to individuals, such as the freedom good health gives

to choose to earn more income or to further one’s education. The capability

approach highlights the importance of the linkages between different aspects

of wellbeing. The greater our capability, the more opportunity we have to

make choices that maximise our utility even if we change our preferences.
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2.1.4 Wellbeing of Society

At the societal level, we face the additional challenge of aggregation across

individuals when attempting to understand wellbeing, and this, like com-

bining different aspects of well-being, is not value-neutral (see, for example,

the argument by Robbins (1932)). Sen (2009) illustrates this in relation to

the capability approach by posing a conundrum: should person A be the

recipient of a good as they are the most needy, person B as they put in the

most effort, or person C as they can pay the most? Clearly, any answer to

this case is a value judgement and cannot be determined objectively. In this

context, wellbeing faces the same practical and philosophical challenges as

utility when aggregating across individuals.

There are some principles that are useful to consider when comparing or

aggregating wellbeing across individuals. These include the Pareto principle

which can give a partial ordering by stating that the wellbeing of society is

greater in one state than another if the wellbeing of at least one person in that

state is higher, and no person is worse off in terms of their own wellbeing.

Another is the impartiality principle of Harsanyi (1977), where “there are

occasions when people make, or are at least expected to make, a special

effort to assess social situations from an impartial and impersonal point of

view, giving equal weight to the legitimate interests of each participant”

(p. 48). Harsanyi does not explicitly elaborate on what legitimate interests

might be, but does suggest judges and public officials would be expected to

be guided by such a principle, as well as any person who makes a “moral

value judgement”.
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Another principle useful to consider in this context is the Rawlsian “veil of

ignorance”. According to this principle, choices relating to social welfare will

be impartial or just if they are made without knowing the social positions

or preferences of individuals (Atkinson and Stiglitz, 1980), especially those

individuals who are making the decisions.

One characterisation of this approach is the maxi-min social welfare function

W , which maximises the utility Ui of the worst-off individual i:

W = min
i

(Ui) (2.1)

This function is chosen on the basis that if an individual doesn’t know what

their position in society will be, they will want to choose a society where

the worst possible outcome they could face will be better than it is in any

other society. However, this ignores the rest of the distribution, and even

taking into account the veil of ignorance, a society with one very low-utility

individual and many very high-utility individuals may be preferable to a so-

ciety with one moderately low-utility individual and many slightly low-utility

individual due to the higher chance of being high-utility. More specifically,

in a two-person society the maxi-min approach would recommend choosing

the allocation (100, 101) over (99, 200) even though individuals operating

behind a Rawlsian veil of ignorance might prefer the latter allocation.

At a different extreme is the Benthamite objective of maximising the sum of

individual utilities (Atkinson and Stiglitz, 1980):

W =
∑
i

Ui (2.2)
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Although this includes everyone in the society, unlike the maxi-min approach,

it is still compatible with many different distributions. Increasing the social

welfare of this society can be achieved by increasing the utility of the lowest-

utility individual (as in the maxi-min approach), but this has the same effect

on overall social welfare as increasing the utility of the highest-utility indi-

vidual by the same amount.

The maxi-min (ν → ∞) and Benthamite (ν = 0) cases can both be sum-

marised by the isoelastic formulation (Atkinson and Stiglitz, 1980):

W =
1

1− ν
∑
i

[
Ui

1−ν − 1
]

(2.3)

This formulation also allows intermediate cases which take into account the

distribution of utilities, while putting a higher weight (higher value for ν) on

those in the society who have lower utility. Each of these approaches, how-

ever, suffers from the traditional issue of inter-personal utility comparisons

which led to the adoption of the revealed preference approach (Samuelson,

1938). However, the revealed preference approach is based on individuals’

choices rather than their observed wellbeing or utility and so is difficult to

incorporate into an explicit wellbeing approach to policy. For this reason,

the revealed preference approach is not pursued further.

2.2 Objectives of Government Policy

If wellbeing is considered in the sphere of public policy, it is also important

to consider the role of government—another value judgement. Is the role of

14



government and public policy to “improve peoples lives, now and into the

future” as suggested by Karacaoglu (2015, p. 1)? Or is it much narrower,

limited to the minimal state providing basic protections against fraud, theft,

and violence as described by Nozick (1974)? In a democracy such as New

Zealand, those in power with the consent of the population determine the

answers to these questions.

Nozick argues for a very limited state, where the state’s role is “limited to the

narrow functions of protection against force, theft, enforcement of contracts,

and so on”, where anything more extensive “will violate persons’ rights not

to be forced to do certain things, and is unjustified” (1974, p. ix). In this

statement, he is referring to a state with coercive powers, and does not rule

out voluntary collaborations that are far less limited. He allows a coercive tax

to finance this operation of government to circumvent free-rider problems. If

public policy is limited to operating in this narrow definition of the state,

there is little role for government wellbeing policy beyond that delivered by

living in a society with an effective legal structure.

Atkinson and Stiglitz (1980) suggest that Nozick’s minimal state could be

increased with little controversy by allowing the government to also enact

“universally approved” activities. This allows Pareto improvements, where

at least one individual is made better off and no one is made worse off.

As this in theory requires no coercion, it could also be achieved voluntar-

ily in Nozick’s state. This includes situations where the conditions for the

first and second theorems of welfare economics do not hold, for example, if

competition is imperfect (perhaps because of small market size), or if infor-
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mation is imperfect. Correcting these market failures would then achieve a

Pareto-efficient outcome (if a competitive equilibrium exists) according to

these theorems.

A more interventionist role for the state involves redistributive policies that

are not Pareto-improving, making some individuals worse off than they would

otherwise be (in the process of making others better off). This is common

practise internationally, with many states (including New Zealand) practising

some level of income redistribution as well as public provision of goods and

services such and education and healthcare. However, the extent and nature

of such redistribution requires significant value judgements.

A recent paper (Odermatt and Stutzer, 2017) begins with “It is self-evident

that public policy should be oriented towards the well-being of the peo-

ple.” This is compatible with the Rawlsian veil of ignorance (Rawls, 1971),

Harsanyi’s impartiality principle (1977), and Sen’s capability framework (Sen,

1999; Sen, 2009), but it requires somewhat more extensive government in-

tervention and possibly coercion than Nozick’s limited state (1974). The

same paper (Odermatt and Stutzer, 2017) then continues “It is similarly

self-evident that views differ regarding what well-being means and what con-

tributes to well-being.”, as discussed in section 2.1.1.

As this work is investigating health, income, and their interactions with well-

being, there are several possible “views on well-being” a government might

have:

• Utility: Utility can be considered a measure of wellbeing, but is re-

liant on knowing the preferences of the individuals experiencing the

16



wellbeing.

• Health: Health is generally considered to be an important contributor

to capability and wellbeing, and is more easily measured than utility,

but it misses other important contributors to wellbeing.

• After-tax (disposable) Income: Income is traditionally used as a proxy

for wellbeing, with the idea that it can be used as the individual desires

to purchase other contributors to wellbeing such as healthcare services.

However, material wellbeing is only one part of wellbeing and, in our

current context, this approach ignores health outcomes.

• GDP: Although (as explained above) GDP is not a measure of well-

being or welfare, increasing GDP has been a significant focus of many

governments in the past few decades. This is due to the idea of the

“trickle-down effect”, where an increase in GDP will (eventually) cause

an increase in incomes (and, by extension, wellbeing) for all.

Inequality can be taken into account (using for example the isoelastic for-

mulation of equation (2.3)) when looking at the whole of society for utility,

health, and after-tax income as these are measures for individuals; but not

for GDP as that is already a whole-of-society measure. Even then, how-

ever, one could devise an inequality-adjusted GDP measure by, for instance,

interacting a Gini coefficient for income with GDP.

In this work, a pluralistic approach considering each of these possibilities is

taken in the spirit of Robbins (1932), to help develop an understanding of

the consequences of choosing any one of these options.
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2.3 Wellbeing Measurement and Modelling

Much of the current effort studying wellbeing is in developing frameworks,

defining, and measuring wellbeing. This has led to a proliferation of indexes,

many covering a similar set of aspects of wellbeing, but dividing wellbeing

into different categories and using different measures and weights. Each

index is designed with a different purpose in mind and makes different value

judgements. No one measure or framework is dominant yet.

One of the earliest explicit wellbeing measures to be developed was the

UNDP’s Human Development Index (UNDP, 1990). In the initial report

it describes the HDI as a “move in the right direction” (p. 1) by considering

life expectancy and knowledge levels as well as national income, rather than

the final word in measuring what is important for human development. The

primary reason the UNDP choose to include the indicators they do is their

statistical availability, reliability, and international comparability for most

countries in the world and particularly the less-developed countries they are

most interested in. These indicators are converted to indexes (using the log

of real ppp-adjusted GDP per capita and the levels of the other indicators)

then averaged to create the final values for the Human Development Index.

This indicator continues to be used in their annual reports, including the

latest (UNDP, 2016).

The World Bank uses Adjusted Net Savings, also known as Genuine Sav-

ings (Hamilton, 2000), which emphasises sustainability through measuring

changes to capital stocks. Hamilton takes the standard measures of eco-

nomic capital savings, then adjusts them for changes in natural resources,
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pollutants (proxied by carbon emissions), and human capital. To do this,

prices must first be found for each natural resource, pollutant, and human

capital; and the final level of genuine savings is reported as a monetary value.

This then provides an indicator of sustainability – countries or regions with

a negative genuine savings are drawing down their net level of capital, which,

if continued indefinitely, would lead to serious problems. The quality of gen-

uine savings as a sustainability predictor was investigated by Greasley et al.

(2014) in the long run for Britain, finding it could be a suitable forward-

looking indicator of future wellbeing over timeframes as long as 100 years.

The OECD’s Better Life Index (OECD, 2017a; OECD, 2011) divides well-

being into eleven different dimensions, namely civic engagement, commu-

nity/social connection, jobs, education, environment, health, housing, in-

come and wealth, personal safety, subjective wellbeing, and work-life balance.

These dimensions are then measured by 1-4 indicators each, chosen for their

international comparability among other features. The OECD do not apply

weights to each dimension to obtain an overall wellbeing score—instead, they

encourage visitors to their website to enter their own weightings. The records

they have kept of the weights entered on their website give a valuable, if bi-

ased, indication of the importance of each dimension. In Rijpma et al. (2017),

the Better Life Index has been applied to and adapted for The Netherlands,

with an overall indicator calculated. Importantly, this indicator is subjected

to sensitivity testing, including for the form of the aggregation function. The

Better Life Index is also under consideration in New Zealand for adoption as

part of the New Zealand Treasury’s refreshed Living Standards Framework

(King, Huseynli, and MacGibbon, 2018).
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The UN Sustainable Development Goals (UN, 2015) are not described as a

measure of wellbeing, but do measure countries against targets that cover

a similar range as other measures of wellbeing. There are 169 targets that

make up the 17 Sustainable Development Goals, covering people, planet,

prosperity, peace, and partnership; and they are intended as goals to make

the world a better place relative to how it was when the goals were declared

in 2015. These goals are also emphasised as “integrated and indivisible”,

indicating that if the means of obtaining one target is at the cost of sig-

nificantly reducing performance against another target, it is unlikely to be

considered an acceptable means of reaching that target. Multiple indicators

and indexes to measure progress against the targets have been created, for

example, (Sridhar, 2016; SDSN, 2015; OECD, 2017b).

Some not-for-profit and many non-governmental organisations have devel-

oped their own measures, including the Legatum Institute’s Prosperity Index

(2016) and the New Economics Foundation’s Happy Planet Index (Abdal-

lah et al., 2009). The Prosperity Index has 104 variables spread across 9

pillars that cover similar dimensions as the OECD Better Life Index, which

are weighted and averaged to form subindices and the overall index. The

Happy Planet Index is created from three components—health, and positive

experience of life, and ecological footprint—in a complex formula that can

be very roughly represented as happy life years divided by ecological foot-

print. In addition to these measures, there are also regular reports ranking

the “best” cities to live in, such as the Global Liveability Ranking (The

Economist, 2016), and in New Zealand The Treasury have used their Living

Standards Framework (Gleisner, Llewellyn-Fowler, and McAlister, 2011) as
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a qualitative tool for policy analysis.

All of these frameworks run into statistical, methodological, and value prob-

lems. Frequently, the required data isn’t available, isn’t internationally com-

parable, or has measurement issues. Methodologically, converting indicators

into commensurate values that can be compared is difficult and there is no

clear best way to do so. Methodological and statistical issues are noted

as issues in most of these measures. Less often noted or discussed are the

value problems (as noted in Stiglitz, Sen, and Fitoussi (2009)), where the

way the indicators are combined requires an implicit or (more rarely) an

explicit judgement. Of the indicators described above, only the OECD pro-

poses a solution to this problem, by letting users of the index chose their own

weightings between dimensions (although they still combine their Better Life

Index indicators within each dimension3). As such, most of these measures

of wellbeing are not as objective as they might claim to be.

Note also that measurement (and to a lesser degree regression) doesn’t di-

rectly help us to understand the impacts of different policy settings and

understand their interaction, and there is much less literature on creating a

model of wellbeing. Most of the current and historical work is theoretical

and only brings one or two aspects of wellbeing together, most commonly

growth or income and the environment. This includes applying viability the-

ory to explore the boundaries of sustainable satisficing in fisheries (Krawczyk

et al., 2013), Arrow et al. work on “comprehensive consumption” (2012,

2013), “clean” and “dirty” technologies (Acemoglu et al., 2016), and adapt-

3The OECD’s How’s Life series of reports (OECD, 2011), which uses the same di-
mensions and most of the same indicators as the Better Life Index, makes no attempt to
combine indicators or dimensions
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ing growth theory to include the environment (Dasgupta and Heal, 1974). In

health economics, the Grossman model (Grossman, 1972) described in section

2.4.1 studies some of the interaction between health and income, as does the

Fleurbaey model (Fleurbaey, 2005) described in section 2.4.2. Karacaoglu

(2015) pulls together some of these theoretical strands of work to create a

more comprehensive theoretical model appropriate for a small open economy

such as New Zealand, and King (2018) has designed a comprehensive model

as a practical tool for answering policy questions.

2.4 Models of Health, Income, and Wellbeing

Theoretical models that investigate the relationship between health, income,

and wellbeing are not common. Two are described in some detail here. The

Grossman model (Grossman, 1972) is a pioneering model in this field, and

is often quoted in subsequent literature. The Fleurbaey model (Fleurbaey,

2005) is more recent, and has a similar objective to this work.

2.4.1 Grossman model

The Grossman model can be summarised as a dynamic partial equilibrium

model for an individual that treats health as a capital stock. An individual

in the model face two constraints—a goods budget constraint and a time

constraint.

Consider first the time constraint4. The total time available (Ω = 365 days

4Grossman’s notation is used throughout this section
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in the year) must be exhausted by all possible uses (otherwise not all possible

uses are included). In the Grossman model, there are four possible uses of

time in a time period i: working for wages TWi, household production Ti,

investing in health THi, and time lost due to illness TLi
5. Time lost due to

illness is assumed to be inversely related to the stock of health. Note that

investing in health—such as preventative check-ups—is distinct from time

lost due to illness. Thus, we have:

TWi + TLi + THi + Ti =Ω (2.4)

The goods budget constraint is an intertemporal constraint, with the present

value of consumption equal to the present value of income plus initial assets

A0:

∑ PiMi + ViXi

(1 + r)i
=
∑ WiTWi

(1 + r)i
+ A0 (2.5)

Wi is the wage rate, and Pi and Vi are the prices for medical care Mi and

purchased goods Xi. As this is a partial equilibrium model, all prices are ex-

ogenous. The purchased goods Xi and the time invested in home production

Ti are combined (along with human capital Ei) in a household production

function to obtain consumption of non-health commodity Zi. Similarly, the

purchased medical care Mi is combined with the time invested in healthcare

THi (along with human capital Ei) to obtain the gross investment in health

Ii. As the stock of health cannot be sold, this gross investment must be

5Leisure—a significant contributor to wellbeing—is not mentioned in Grossman’s anal-
ysis. However, it could be considered a part of the time spent investing in health.
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non-negative. The health level of an individual in time period i + 1 is then

determined by:

Hi+1 −Hi = Ii − δiHi (2.6)

where δi is the exogenous (but potentially age-dependent) rate of depreciation

of health in the ith time period. Note that this allows the length of life to be

endogenous—death occurs when Hi = Hmin and all days are sick days TLi =

Ω. Intertemporal utility is then a function of health Hi and consumption Zi.

Grossman then goes on to derive the equilibrium conditions, and use the

model to investigate the effects of different depreciation rates, wages rates,

and human capital levels. Using the model, he is able to make several predic-

tions. First, if the rate of depreciation increases with age, demand for health

capital will decline while expenditure on medical care will increase. Second,

demand for health and medical care increases with wages. Third, if more

education (higher human capital) increases the efficiency of producing gross

improvements in health, then the more educated will demand a higher level

of health. He then concludes with “Any model must recognize that health is

a durable capital stock, that health capital differs in important respects from

other forms of human capital, and that the demand for medical care must be

derived from the more fundamental demand for “good health.”” (Grossman,

1972, p. 248).

The Grossman model differs from the model proposed in this work in several

different ways, including the purpose. The purpose of Grossman’s model is

to emphasise the importance of treating health as a capital stock; whereas

the purpose of this work is to emphasise the role of government in providing
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healthcare as a part of wellbeing along with the interconnectedness of health

with the rest of the economy. As the purpose of the models is different,

the models themselves also differ. Grossman’s model is a dynamic partial

equilibrium model that does not have a government and specifically excludes

health as having an impact on productivity (except indirectly, through time

available to spend working after sick days are removed). The model described

in this work is a static general equilibrium model with a government and

an impact of health on productivity. However, Grossman’s model provides

some useful insights, particularly the distinction between healthcare (called

“medical services” by Grossman) and health level.

2.4.2 Fleurbaey Model

The Fleurbaey model (Fleurbaey, 2005) can be summarised as a static partial

equilibrium model with multidimensional health that can be used (in princi-

ple) to determine an aggregate healthcare budget for a country. It does this

by considering individual preferences of the members of the society along

with three ethical principles that most would consider reasonable.

The first of these principles is the standard Pareto principle, where if everyone

in the population prefers one alternative to another, the preferred alternative

is better.

The second principle is a weakened Pigou-Dalton transfer principle. The

original version of this principle says it is a better situation if a richer person

transfers some money to a poorer person. However, this can lead to perverse

outcomes (as described by Fleurbaey) when individuals have different health
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levels as well as different income levels, or different health preferences. To

avoid these issues, Fleurbaey only allows such transfers between individuals

who have perfect health or individuals with identical health and preferences.

Although this principle is about reducing inequality, it is very weak in that

regard and can even be consistent with zero inequality aversion.

The third principle of Fleurbaey’s is to use minimal information on indi-

vidual preferences in determining social preferences. This is partly for data

reasons, but also to avoid arbitrating between individuals who have identi-

cal consumption and health outcomes but claim to have different preferences

and therefore more entitlement. This principle is a weaker version of Arrow’s

independence of irrelevant alternatives condition.

The budget constraint for an individual i of health hi in Fleurbaey’s model6 is

given by setting non-medical consumption ci equal to the after-tax τ income

wi (hi) minus medical expenses mi (hi), after they have been subsidised at

rate ρ:

ci = (1− τ)wi (hi)− (1− ρ)mi (hi) (2.7)

Individuals then choose their most-preferred bundle of goods zi = (hi, ci)

given their budget constraint (2.7).

Fleurbaey then defines Ci (zi) as the smallest level of consumption the indi-

vidual i would accept as replacement of ci in zi = (hi, ci), provided there was

a suitable improvement in their health. Thus, for a person in near-perfect

health, Ci (zi) would be similar to ci as they require little improvement in

their health, whereas for a person with poor health and/or who cares sig-

6Fleurbaey’s notation is used throughout this section
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nificantly about their health, Ci could be quite low relative to ci. This is

used, along with the three principles described earlier, to come to the con-

clusion that the best allocation z = (z1, ..., zn) between individuals is found

by maximising miniCi (zi). Note that this maxi-min criterion, which charac-

terises extreme inequality aversion, was derived with only very weak equity

considerations.

In addition to this very general condition, Fleurbaey goes on to calculate an

example with one-dimensional health. Consider an individual i with utility

ui given by:

ui (hi, ci) = hi
aici (2.8)

earning ability wi given by:

wi (hi) = αihi
βi (2.9)

and medical expenses mi to get to health level hi given by:

mi (hi) = µihi
γi (2.10)

This then results in the minimum replacement consumption Ci given by

Ci (zi) =

αi [1− θi] (1− τ)
[
1−τ
1−ρ

αi
µi
θi

] θi
1−θi if θi ≤ (1−ρ)µi

(1−τ)αi

(1− τ)αi − (1− ρ)µi if θi ≥ (1−ρ)µi
(1−τ)αi

(2.11)

where

θi =
βi + ai
γi + ai

(2.12)
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If the budget of the healthcare provider must be balanced, then:

τ
n∑
i=1

wi (hi) = ρ

n∑
i=1

mi (hi) (2.13)

Unfortunately, if health hi is then substituted into the equation, the expres-

sion becomes too complicated to deduce analytical results about optimal

choices for τ and ρ except in a few special situations.

The Fleurbaey model differs from this work in several ways. Although both

the Fleurbaey model and the model in this work are static models with the

similar purpose of determining the level of healthcare provision in the context

of the wellbeing of society, Fleurbaey’s model is a partial equilibrium model

whereas the model in this work is a general equilbirum model. Fleurbaey’s

model is both more explicit and more general in the principles it uses, which

results in a more theoretical and less analytically tractable model. It also

only considers one possible way of aggregating individuals within a society

(the maxi-min method), whereas the model presented in this work takes a

more pluralistic approach, including allowing different levels of inequality

aversion.
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Chapter 3

Model

Throughout the model, the simplest possible choices that will still allow

interesting model behaviour are made. There are three types of agents - in-

dividual, firms, and governments. Individuals have different intrinsic health

levels, and firms produce either healthcare or other goods and services. Gov-

ernments choose the rate of taxation and how public healthcare is distributed

between individuals. Each of these agents are constrained by accounting

equations. All three types of agents exhibit maximising behaviour, and there

are also equations that define variables for each type of agent.

3.1 Individuals

Consider an economy with many heterogeneous individuals, with intrinsically

different health levels. All individuals maximise their utility from their health

level, leisure time, and consumption. They earn income by supplying labour
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to firms, and this income places a constraint on the level of utility they can

achieve.

3.1.1 Definition Equations

We start by defining individual consumption from all sources, individual

income, and health levels.

Individuals can purchase either of the two goods (namely healthcare goods

k = M and other goods k = O) in the model from firms, but they can also

be given them by the government at no direct cost to the individual. Thus,

the total consumption Ck,i of any good k by a single individual i is given by:

Ck,i =CI
k,i + CG

k,i, ∀i, k, CI
k,i ≥ 0, CG

k,i ≥ 0 (3.1)

where CI
k,i is the goods purchased by the individual i, and CG

k,i is the goods

provided to individual i by the government at no direct cost.

Individuals earn income from labour Li, where wages w are taxed at rate τ ,

to get after-tax income of Yi:

Yi = (1− τ)wLi, ∀i (3.2)

Taxes τ and wages w are constant across all individuals, as we assume that

firms cannot set wages based on health level (e.g. due to legislative restriction

or to imperfect information) and governments choose not to tax based on

health level or other individual characteristics. These assumptions could be

relaxed in extensions to the model.
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The average health level of an individual i is assumed to be a deterministic

function of intrinsic health level H0,i, healthcare services Ck=M,i received from

any source, and (when considering public health) the average health of all

individuals in the society HS
1:

Hi =Hi (H0,i, Ck=M,i, HS) , ∀i (3.3)

There are several desirable properties for a function for health level. Firstly,

healthcare should not decrease health level. This means that when health-

care is zero (and ignoring public health influences), the health level should

be the same as the intrinsic health level H0,i, and health level should in-

crease monotonically from there as healthcare provision increases. Secondly,

a higher level of health in society should weakly increase an individual’s

health level. Least importantly, the mathematics for the model is simpler

if health level is linearly depend on healthcare provision, given there is no

compelling reason to have a non-linear dependence. The following specific

choice of functional form for health level meets these criteria:

Hi = HS
γi
(
H0,i + ξiH0,i

−βi
(
CI
k=M,i + CG

k=M,i

))
, ∀i (3.4)

γi ≥ 0 is a parameter that determine the effect of society’s health, ξi ≥ 0 is

a parameter that characterises the effectiveness of the healthcare provision

1Note that leisure and wellbeing have not been included in the function for health level,
as these would add significant complication and are instead are left to future work. It is
well-established that not only does good health improve wellbeing, but that a high level of
wellbeing also improves health, as shown in (for example) Danner, Snowdon, and Friesen
(2001).
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for that individual, and βi describes how strongly the intrinsic health level

moderates the effect of healthcare provision. If βi ≥ 0, individuals with lower

intrinsic health will benefit more from the provision of healthcare than those

with higher intrinsic health.

3.1.2 Accounting Equations

Some equations must hold as identities, and time and budget constraints fit

into this category.

Individuals face a time constraint, where the time spent on all activities must

add up to the total time available. In this model, there are two activities,

namely leisure li and (paid) labour (supply) Li, and if these are measured as

a proportion of total time available, then:

1 =Li + li, ∀i (3.5)

Note that this does not explicitly incorporate a separate time category for

time spent on healthcare activities including visiting the doctor and exercis-

ing (unlike Grossman (1972)), but this could be considered as an extension

to the model.

Individuals also face a financial budget constraint. As there is no borrowing

or saving in the model, individuals spend all their income on healthcare and

other goods, purchased at prices Pk:

Yi =
∑
k

PkC
I
k,i, ∀i (3.6)
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In addition, the societal health level HS is defined as the average health of

the population:

HS = n−1
∑
i

Hi (3.7)

where n is the total number of individuals in the population.

3.1.3 Behaviour Equations

The standard assumption of maximising utility is used, where utility Ui is a

function of health Hi, leisure li, and total other consumption Ck=O,i:

Ui =Ui (Hi, li, Ck=O,i) , ∀i (3.8)

Note that healthcare consumption does not contribute to wellbeing directly,

but only indirectly through health level, as individuals are much less inter-

ested in receiving healthcare for its own sake than in the health benefits it

brings.

For simplicity, choose the Cobb-Douglas function as the specific functional

form for utility:

Ui =Hi
µH,ili

µl,iCk=O,i
µk=O,i , ∀i (3.9)

where, without loss of generality,

µH,i + µl,i + µk=O,i =1 (3.10)
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Using the Lagrangian method (with details of the derivation in the Appendix,

and assuming an interior solution), the individual’s demand for leisure is

given by:

li =µl,i

[
1 +

Pk=M
(1− τ)w

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]
(3.11)

and the individual’s demand for “other” and “healthcare” goods respectively

is given by:

CI
k=O,i =µk=O,i (1− τ)wPk=O

−1

[
1 +

Pk=M
(1− τ)w

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]
(3.12)

and

CI
k=M,i =µH,i (1− τ)wPk=M

−1 − (1− µH,i)
(
CG
k=M,i + ξi

−1H0,i
1+βi

)
(3.13)

3.2 Firms

The economy in this model has two types of firms. One type produces health-

care services (k = M), and the other (k = O) produces everything else. Both

firms are profit-maximising, operate in a perfectly competitive environment,

and use labour Lk,i (but no capital) from each individual.
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3.2.1 Definition Equations

Production Qk is a function of labour Lk:

Qk =Qk (Lk) (3.14)

where Lk is the sum of the health-adjusted labour HiLk,i supplied by each

individual for that production process:

Lk =
∑
i

HiLk,i, ∀k (3.15)

Labour is adjusted for health as poor health can negatively impact produc-

tivity both in sick days paid for by employers and in “presenteeism” where

sick employees show up to work but are much less productive than healthy

employees. Once adjusted for health level, labour from any individual is per-

fectly substitutable with labour from any other individual. Note that this

production function does not include capital, as that would be an unneces-

sary complication for this model.

A simple functional form is then chosen for the production function:

Qk = AkLk, ∀k (3.16)

where Ak is the multi-factor productivity for each type of production.
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3.2.2 Behaviour Equations

Firm behaviour is characteristed by profit maximisation, and subject to a

production function. Profits πk for the firms are given by:

πk =PkQk − w
∑
i

Lk,i, ∀k (3.17)

where w is the wage level for each individual, and Lk,i is the labour sup-

plied by each individual i to a firm k. Firms are assumed to operate under

conditions of imperfect information, and so cannot set wages based on an

individual’s health level2. Profits are maximised subject to the production

function (3.16) (as shown in the Appendix), which results in zero profits

meaning firms operate under perfect competition. Thus, total revenue must

equal total costs, giving the firm’s budget equation:

PkQk =w
∑
i

Lk,i, ∀k (3.18)

Summing across all firms, wages are then given by

w =

∑
k

PkQk∑
i

Li
(3.19)

3.2.3 Accounting Equations

The accounting identities that affect firms include the market-clearing con-

ditions for goods and labour.

2Alternatively, anti-discrimination laws may prevent payments at different rates. These
assumptions could be relaxed in future work.
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When the goods markets clear, the supply of each good Qk equals the total

demand for each good:

Qk =
∑
i

Ck,i (3.20)

This implicitly includes both the individual CI
k,i and government CG

k,i pur-

chases of each good.

Similarly, when the labour markets clear, the supply of labour by each indi-

vidual Li equals the total labour supplied to firms from each individual:

Li =
∑
k

Lk,i (3.21)

It is also necessary to link the total amount of labour used in production to

the amount supplied by each individual. This is done by assuming that the

amount supplied by any individual to a firm is supplied in proportion to that

individual’s proportion of the total health-adjusted supply of labour:

Lk,i =
Li∑

i

HiLi
Lk (3.22)

Equations (3.21) and (3.22) together provide the labour market clearing con-

dition.
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3.3 Government

The government agents include a taxation agent (e.g. Inland Revenue), that

sets the tax rates; a budget-balancing agent (e.g. Treasury) that ensures gov-

ernment expenditure equals government income; and a healthcare provision

agent (e.g. Ministry of Health) that distributes healthcare between different

individuals. These government agents may or may not have or share informa-

tion (particularly the intrinsic health status of individuals, but also income

levels, tax payments, etc) between themselves.

3.3.1 Definition Equations

Government income YG is the total income from taxes τ :

YG =τw
∑
i

Li (3.23)

As the tax rates are the same for all individuals, this implies the tax agency

does not have (or chooses not to use) health information about each individ-

ual type.

3.3.2 Accounting Equations

The government budget is balanced, with government income equal to spend-

ing:

YG =
∑
k

PkC
G
k (3.24)
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Government spending on consumption is equal to the total provided to each

individual:

CG
k =

∑
i

CG
k,i (3.25)

3.3.3 Behaviour Equations

The behaviour equations for the government agents describe how the gov-

ernment distributes its expenditure across different goods and different indi-

viduals.

Assume first that the government does not purchase any “other” goods:

CG
k=O,i =CG,k=O = 0, ∀i (3.26)

Because of this, all government income is spent on healthcare and equations

(3.23) and (3.24) become

CG
k=M =τwPk=M

−1
∑
i

Li (3.27)

The government can distribute healthcare services between individuals in

multiple ways, which will be dependent on how much information they have

about the individuals, and particularly their health status. The behaviour of

government will also be affected by the social welfare function the government

chooses to maximise. Four options will be considered here. Of these four

options, utility of individuals is the goal that makes the most sense—all the

other options are satisficing alternatives that could be used in the situations
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where there is insufficient data about individuals, and in particular their

preferences.

Social Welfare from Individual Utility

A government that is interested in the wellbeing of its citizens would prefer

to maximise utility (from health, leisure, and consumption), likely putting

some greater emphasis on improving the wellbeing of lower-utility individuals.

From the isoelastic formulation of Atkinson and Stiglitz (1980), given earlier

in equation (2.3), the social welfare function is given by:

WU =
1

1− ν
∑
i

[
Ui

1−ν − 1
]

(3.28)

where a higher ν implies a greater emphasis on disadvantaged individuals.

Maximising this, the optimal distribution of healthcare by the government is

given by:

CG
k=M,i =

µH,iUi
1−ν∑

i

µH,iUi
1−ν

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

− (1− τ)wPk=M
−1 − ξi−1H0,i

1+βi (3.29)

(as derived in the Appendix). Note that, to know the utilities of individuals,

governments must know the preferences of those individuals—information

they often cannot easily obtain.
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Social Welfare from Individual Health

The government may not be able to directly observe the utility of its citizens,

and so instead may choose to use health as a proxy:

WH =
1

1− ν
∑
i

[
Hi

1−ν − 1
]

(3.30)

With this social welfare function, health could be considered a more-easily

measured proxy for utility. Alternatively, it could be considered important

in its own right (at least when ν is large), as in the concept of “specific

egalitarianism”. This is a concept introduced by Tobin (1970), which allows

for general inequality (for example, as a reward to effort), but suggests that

this should not apply to all commodities—some commodities such as basic

necessities of life, health, and citizenship, should be available to some extent

to all, regardless of ability to pay for them. Slesnick (1989) quotes health-

care provision as an easier-to-justify application of specific egalitarianism,

reflecting the “fundamental right to life” (p. 116).

Maximising the isoelastic function (3.30), the optimal distribution of health-

care by the government is then given by:

CG
k=M,i =

Hi
1−ν∑

i

Hi
1−ν

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

− (1− τ)wPk=M
−1 − ξi−1H0,i

1+βi (3.31)

(as derived in the Appendix). Health information of individuals is often

available to the health ministry of a government, who may also be in charge
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of distributing healthcare, so this method of distributing public healthcare

is much less likely to suffer from the imperfect information challenges that

social welfare defined over utility faces.

Social Welfare from Individual After-Tax Income

Governments are often interested in the after-tax incomes of their citizens,

particularly the most disadvantaged, as another proxy for utility:

WY =
1

1− ν
∑
i

[
Yi

1−ν − 1
]

(3.32)

Then the optimal distribution of healthcare by the government is given by:

CG
k=M,i =

HiYi
−ν (HS

γiξiH0,i
−βi
)−1∑

i

HiYi
−ν (HS

γiξiH0,i
−βi
)−1

×

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

− (1− τ)wPk=M
−1 − ξi−1H0,i

1+βi (3.33)

(as derived in the Appendix). Income information is typically held by the

taxation agent, so they will need to be able to share this with the health

ministry (and combine it with the health ministry’s health data) for this

distribution of healthcare to be implemented.
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Social Welfare from GDP

Sometimes governments are characterised as aiming to maximise GDP, as a

proxy for the incomes of their citizens. The social welfare function WGDP is

then given by:

WGDP =
∑
k

PkQk (3.34)

where GDP has been defined in terms of production (rather than consump-

tion, although that would be equivalent). Note that this is still subject to

individuals choosing their optimal combination of health, consumption, and

leisure; but it makes no allowance for inequality aversion. Then the optimal

distribution of healthcare by the government is given by:

CG
k=M,i =

HiLi∑
i

HiLi

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

− (1− τ)wPk=M
−1 − ξi−1H0,i

1+βi (3.35)

(as derived in the Appendix). Labour information may be held by the tax-

ation agent or a national statistical agency, and they will need to be able to

share this with the health ministry (and combine it with the health ministry’s

health data) for this distribution of healthcare to be implemented.
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Distribution of Healthcare

In each of the four cases above, the distribution of healthcare can be repre-

sented by the same equations if we define the ratio ρi as:

ρi =



µH,iUi
1−ν∑

i
µH,iUi

1−ν for the utility objective

Hi
1−ν∑

i
Hi

1−ν for the health objective

HiYi
−ν(HSγiξiH0,i

−βi)
−1∑

i
HiYi

−ν(HSγiξiH0,i
−βi)

−1 for the income objective

HiLi∑
i
HiLi

for the GDP objective

(3.36)

The equations for distributing healthcare are then:

CG
k=M,i =ρi

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

− (1− τ)wPk=M
−1 − ξi−1H0,i

1+βi (3.37)

and the total amount of healthcare provided by the government (as derived

in the Appendix) is then:

CG
k=M =

(
1 +

τ

1− τ
∑
i

µl,iρi

)−1(
nτwPk=M

−1

(
1−

∑
i

µl,iρi

)

− τ

1− τ

(∑
i

µl,iρi

)∑
i

ξi
−1H0,i

1+βi

)
(3.38)

44



3.4 Solving the Model

The model is difficult to solve analytically, but it can be arranged in such a

way that is relatively straight-forward to solve numerically.

First, a numeraire must be chosen, and in this model the price of “other”

goods Pk=O is used for this purpose. From this, the production functions

(3.16), and the perfect competition constraint (3.18), the price of healthcare

goods Pk=M is given by:

Pk=M =
Pk=OAk=O
Ak=M

(3.39)

The wage level w and the ratio ρi can then be solved using the following

system of equations. Note that, if w and ρi are available and the equations are

calculated in the order given, each equation is only dependent on parameters

and previously-calculated variables.

3.4.1 System of Equations for Solving

Aggregate government provision of healthcare:

CG
k=M =

(
1 +

τ

1− τ
∑
i

µl,iρi

)−1(
nτwPk=M

−1

(
1−

∑
i

µl,iρi

)

− τ

1− τ

(∑
i

µl,iρi

)∑
i

ξi
−1H0,i

1+βi

)
(3.40)
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Government provision of healthcare to individuals (distribution of public

healthcare):

CG
k=M,i =ρi

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

− (1− τ)wPk=M
−1 − ξi−1H0,i

1+βi (3.41)

Individual purchases of healthcare:

CI
k=M,i =µH,i (1− τ)wPk=M

−1 − (1− µH,i)
(
CG
k=M,i + ξi

−1H0,i
1+βi

)
(3.42)

Average (societal) level of health:

HS =n
−1

1−γi

(∑
i

H0,i +
∑
i

ξiH0,i
−βi
(
CI
k=M,i + CG

k=M,i

)) 1
1−γi

(3.43)

Individual level of health:

Hi =HS
γi
(
H0,i + ξiH0,i

−βi
(
CI
k=M,i + CG

k=M,i

))
(3.44)

Leisure:

li =µl,i

[
1 +

Pk=M
(1− τ)w

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]
(3.45)

Labour supply by individuals:

Li =1− li (3.46)
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Production of goods by firms:

Qk =
∑
i

CI
k,i + CG

k (3.47)

Individual purchases of other goods:

CI
k=O,i =µk=O,i (1− τ)wPk=O

−1

[
1 +

Pk=M
(1− τ)w

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]
(3.48)

Individual after-tax income:

Yi = (1− τ)wLi (3.49)

Individual utility:

Ui =Hi
µH,ili

µl,iCk=O,i
µk=O,i (3.50)

Wages:

w =

∑
k

PkQk∑
i

Li
(3.51)
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Ratio for public healthcare distribution:

ρi =



µH,iUi
1−ν∑

i
µH,iUi

1−ν for the utility objective

Hi
1−ν∑

i
Hi

1−ν for the health objective

HiYi
−ν(HSγiξiH0,i

−βi)
−1∑

i
HiYi

−ν(HSγiξiH0,i
−βi)

−1 for the income objective

HiLi∑
i
HiLi

for the GDP objective

(3.52)

The remaining variables can be calculated from the variables solved in this

system.
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Chapter 4

Results

Three different scenarios are calculated using the model for each of seven dif-

ferent government objectives that are considered. The government can choose

to distribute healthcare to maximise GDP (one objective), or to maximise

social welfare defined over utility, health, or after-tax income with either high

(Rawlsian) or low (Benthamite) inequality aversion (six objectives). Govern-

ments also choose the tax rate and so (implicitly) the total level of public

healthcare. For each of these objectives, model results are calculated for

a homogeneous population, and for a health-heterogeneous population with

and without a public health effect (i.e. three scenarios for each objective).

These scenarios allow us to understand the effects of taxation, individual

health-heterogeneity, public health, and inequality aversion under different

government objectives.

For each scenario, the results are calculated for income taxes ranging in 1%

increments from 0% to 30% (inclusive) for a society of two individuals—

one intrinsically “healthy” and one intrinsically “unhealthy”. Taxation at
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30% is the highest rate considered for several reasons. Remember that in

this model, government income (which is solely from income tax) is only

used for health. The USA spends by far the highest proportion of GDP on

healthcare (public and private provision) at 17% of GDP, and New Zealand

is much more typical of OECD countries spending 9% of GDP on healthcare

(OECD, 2017c). With the parameters used here (given in the Appendix), a

30% tax rate corresponds to public (excluding private) healthcare spending

of about 30% of GDP—almost twice that of the public and private healthcare

spending of the USA and three times that of a typical OECD country like

New Zealand. In addition, at higher levels of taxation, markets in the model

may no longer clear; and at still higher levels, individuals will choose not to

work at all, preventing the model from solving.

The remainder of this chapter is arranged as follows. First is a discussion

on the effect of taxes in the model. This section focusses on the results from

the homogeneous population scenario, but most of the conclusions also apply

to a heterogeneous population. Next, the results for when the government

maximises social welfare defined over after-tax income (with a heterogeneous

population) is considered. This government objective gives very different

results to other government objectives and so is treated separately. Third, the

results from all other government objectives with a heterogeneous population

but no public health are described, then finally public health is also included.
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4.1 The Effect of Taxes

This section focusses on the effect of taxes when the individuals modelled

are homogeneous. However, many of the results are qualitatively similar in

populations of heterogeneous individuals, and the same explanations apply.

Taxes have two competing effects in the model, shown diagrammatically in

Figure 4.1. Firstly, higher taxes decrease the incentive to work and so labour

supply decreases while leisure increases. The decrease in labour supply (along

with the increase in taxes) reduces income, which leads to lower purchases of

both “other” goods and “healthcare” goods. Because less healthcare goods

are purchased, health decreases (ceteris paribus) as taxes increase (but never

below the intrinsic health level), which then reduces the productivity of firms.

Lower productivity leads to lower wages, which further decreases income and

labour supply.

Secondly, however, the government income from taxation is spent on health-

care. Higher taxes increase the amount of healthcare the government can

purchase and distribute to individuals. This increases the health of individu-

als, thereby increasing their productivity, increasing wages and the incentive

to work, and decreasing leisure.

With a homogeneous population, there is no difference between the individu-

als that make up the society, and thus no inequality of any sort. Government

therefore will distribute healthcare equally between the two individuals, ir-

respective of the choice rules used for distribution (provided these are not

based on any criteria except differences between individuals). Thus, given

the homogeneous population and given the parameters in the model, the dif-
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Figure 4.1: The effects of taxes

ferent objectives of the government have no effect on any variable; and for

any given tax rate, the model has the same solution.

With the parameters used here, the decrease in the (homogeneous) individ-

ual’s purchase of healthcare goods due to higher taxes is not matched by

the increase in supply of public healthcare goods, and so health levels are

reduced as taxes (all of which are spent on healthcare) increase. Income and

purchases of other goods also decrease as taxes increase, so GDP also de-

creases. Leisure increases, but this is not generally enough to compensate for
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the reduction in health and consumption, so utility also decreases, as shown

in Figure 4.2. This scenario illustrates the inefficiencies caused by an income

tax.

Figure 4.2: Social welfare with homogeneous individuals

In addition, when this model is run for higher tax rates (>30%), a Laffer

curve (Laffer, 2004) emerges, in which government income increases to a

maximum and then declines. Government income increases as taxes increase,

but individuals prefer to enjoy more leisure as taxes increase (as wages are

effectively lower). Eventually, at very high tax rates, individuals chose not

to work at all, reducing government income from taxation.
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4.2 Maximising (Weighted) Individual After-

Tax Income

Most of the choices of government objectives give qualitatively similar results

to each other as taxes change, but when a government aims to maximise the

isoleastic function defined over individual after-tax income (with high or

low inequality aversion), the response to increasing taxation is significantly

different both to the responses from other objectives, and from what might be

expected or desired. In brief, the results for every metric are worse than for

other objectives, and the difference increases as taxes increase. To illustrate

this result, Figure 4.3 graphs the outcomes for social welfare defined over

utility (with low inequality aversion and no public health effect). Similar

graphs can be drawn for the other scenarios, and for other metrics.

Figure 4.3: Social welfare defined over utility with heterogeneous individu-
als, low inequality aversion, and no public health. Note that the MaxGDP,
MaxWU, and MaxWH curves are on top of each other.

Consider a healthy individual in this model. As they are already healthy, they

do not need to buy large amounts of healthcare, and instead they choose to
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buy other goods and leisure. Thus, they work less than unhealthy individuals,

who want to spend more of their income on healthcare. As wages are assumed

to be the same for all individuals (regardless of health status), those who

enjoy more leisure and so work less (i.e. healthy individuals) have lower

incomes. However, the government tries to increase incomes by the way it

distributes healthcare. It thus distributes more healthcare to those who work

less and are already healthy, reducing their incentive to work both through

the effect of taxes and through higher health; and lowering their income

still further. This creates the perverse situation where healthy individuals

are provided with more healthcare than unhealthy individuals, and after-tax

incomes are reduced and made less equal. This situation is worse for higher

taxes and greater inequality aversion.

As the (perverse) outcomes for these government objectives (maximising so-

cial welfare from after-tax income with high and low inequality aversion)

have been discussed in detail in this section, they will not be discussed again

in future sections, although results for them will be included alongside the

results of the other government objectives.

4.3 Optimal Tax Levels with Heterogeneous

Individuals and No Public Health Effect

Each of the government objectives other than maximisation of GDP involves

maximising a social welfare function W with a given level of inequality aver-

sion ν. The maximum for each social welfare function occurs at a different
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tax rate, and gives different results for individual health and utility. These

results are given in Table 4.1.

Table 4.1: Optimal results for each government objective with health-
heterogeneous individuals but no public health effect
Maximise WU WH WY WU WH WY WGDP

ν = 20 ν = 20 ν = 20 ν = 0.01 ν = 0.01 ν = 0.01
τ 18% 4% 0% 5% 0% 0% 0%
WU , ν = 0.01 -0.0694 -0.0636 -0.0642 -0.0636 -0.0642 -0.0642 -0.0642
WU , ν = 20 -0.10 -0.18 -0.23 -0.16 -0.23 -0.23 -0.23
GDP 1.84 1.98 2.01 1.98 2.01 2.01 2.01
Ui=healthy 0.97 1.01 1.02 1.01 1.02 1.02 1.02
Ui=unhealthy 0.96 0.92 0.91 0.93 0.91 0.91 0.91
Yi=healthy 0.72 0.90 0.95 0.89 0.95 0.95 0.95
Yi=unhealthy 0.79 1.00 1.06 0.99 1.06 1.06 1.06
Hi=healthy 1.27 1.35 1.37 1.34 1.37 1.37 1.37
Hi=unhealthy 1.32 1.30 1.29 1.30 1.29 1.29 1.29
CG
k=M,i=healthy 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CG
k=M,i=unhealthy 0.33 0.08 0.00 0.10 0.00 0.00 0.00

CI
k=M,i=healthy 0.37 0.54 0.58 0.52 0.58 0.58 0.58

CI
k=M,i=unhealthy 0.52 0.74 0.80 0.72 0.80 0.80 0.80

CI
k=O,i=healthy 0.35 0.37 0.37 0.37 0.37 0.37 0.37

CI
k=O,i=unhealthy 0.27 0.27 0.26 0.27 0.26 0.26 0.26

li=healthy 0.33 0.29 0.28 0.29 0.28 0.28 0.28
li=unhealthy 0.25 0.21 0.20 0.21 0.20 0.20 0.20

Consider first governments that have high inequality aversion (ν = 20), and

maximise social welfare from individual utility WU . They will achieve the

highest social welfare (measured assuming high inequality aversion) at a tax

rate of 18%. However, this does come at a cost to GDP (which registers the

lowest value across all seven objectives).

As might be expected, this objective results in the most equal outcomes for

utility, as the government has both high inequality aversion and high enough

taxes to make a difference to inequality. Individual utility is nearly the same
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between individuals, and has a similar unweighted average (0.965) to other

scenarios. After-tax income Yi is also much more equal, but due to the higher

taxes is also much lower than other scenarios. As in all the cases, Yi is higher

for the inherently unhealthy individual, as they choose to enjoy less leisure

so they can afford to purchase more private healthcare. Inherently unhealthy

individuals also receive more public healthcare. They thus receive substan-

tially more healthcare than the intrinsically healthy individuals. Because

of this, and because intrinsically unhealthy individuals get a larger benefit

from healthcare, they end up with a higher health level than the intrinsically

healthy individuals. Although average health level is lowest for this objec-

tive, the health of the intrinsically unhealthy individual is highest for this

objective. The health of the intrinsically healthy individual is lower than the

health of any individual (healthy or unhealthy) for any other objective. In

all cases, other consumption is higher for the intrinsically healthy individu-

als than intrinsically unhealthy individuals as they do not need to spend as

much of their income on healthcare to reach a given health level.

Now consider governments that have low inequality aversion (ν = 0.01) and

maximise social welfare from individual utility WU . They will achieve the

highest social welfare (measured assuming low inequality aversion) at a tax

rate of 5%, although the difference in this measure of social welfare across

different tax rates is small. The cost to GDP is much lower for this objective,

as would be expected with the lower tax rate. Individual utility is less equal

than with the high inequality aversion objective (as would be expected), but

health is more equal and average health is higher. This is because, with the

lower taxation, there is less deadweight losses, and more healthcare can be
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produced. The intrinsically healthy individuals receive as much healthcare in

total as the intrinsically unhealthy individuals did in the high inequality case

above, and the intrinsically unhealthy individuals receive somewhat more;

but not quite enough to catch up to the health level of the intrinsically-

healthy individuals. Individuals facing this government objective work more

(due to the lower taxes) and so have less leisure, but purchase slightly more

other goods than those facing the high inequality aversion government ob-

jective.

A government that has high inequality aversion and maximises social welfare

defined over health will achieve its optimum at a tax rate of 4%, with very

similar results to a government with low inequality aversion that maximises

social welfare from utility. All other government objectives are best met

at a 0% tax rate, which, as the laissez-faire situation, means there will be

no public provision of healthcare. These results are illustrated in Figures

4.4–4.6.

Figure 4.4: Individual utility for different government objectives
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Figure 4.5: Individual after-tax income for different government objectives

Figure 4.6: Individual health for different government objectives

4.4 Optimal Tax Levels with Heterogeneous

Individuals and Public Health Effect

Each of the government objectives requires maximisation of a social welfare

function with a given level of inequality aversion. In this section, we also

include the effect of public health. The maximum for each social welfare

function may occur at a different tax rate, and gives different results for

individual health and utility. These results are given in Table 4.2.

Including the effect of public health on individual health levels generally re-
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Table 4.2: Optimal results for each government objective with health-
heterogeneous individuals and public health effects

Maximise
WU WH WY WU WH WY WGDP

ν = 20 ν = 20 ν = 20 ν = 0.01 ν = 0.01 ν = 0.01
τ 7% 0% 0% 0% 0% 0% 0%
WU , ν = 0.01 0.336 0.346 0.346 0.346 0.346 0.346 0.346
WU , ν = 20 0.0995 0.0986 0.0986 0.0986 0.0986 0.0986 0.0986
GDP 2.59 2.68 2.68 2.68 2.68 2.68 2.68
Ui=healthy 1.19 1.22 1.22 1.22 1.22 1.22 1.22
Ui=unhealthy 1.15 1.13 1.13 1.13 1.13 1.13 1.13
Yi=healthy 1.16 1.28 1.28 1.28 1.28 1.28 1.28
Yi=unhealthy 1.25 1.39 1.39 1.39 1.39 1.39 1.39
Hi=healthy 1.65 1.71 1.71 1.71 1.71 1.71 1.71
Hi=unhealthy 1.69 1.67 1.67 1.67 1.67 1.67 1.67
CG
k=M,i=healthy 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CG
k=M,i=unhealthy 0.18 0.00 0.00 0.00 0.00 0.00 0.00

CI
k=M,i=healthy 0.76 0.87 0.87 0.87 0.87 0.87 0.87

CI
k=M,i=unhealthy 0.95 1.09 1.09 1.09 1.09 1.09 1.09

CI
k=O,i=healthy 0.40 0.41 0.41 0.41 0.41 0.41 0.41

CI
k=O,i=unhealthy 0.30 0.30 0.30 0.30 0.30 0.30 0.30

li=healthy 0.25 0.24 0.24 0.24 0.24 0.24 0.24
li=unhealthy 0.20 0.18 0.18 0.18 0.18 0.18 0.18

duces the optimal level of taxes for all government objectives. This is due

to the higher level of health in this society induced by positive public health

externalities. When HS < 1, the public health externalities will reduce the

health level of individuals, but when HS > 1 they increase the health level of

individuals (see equation (3.4)). For this society (i.e. for the assumed param-

eters in the model), although the average level of intrinsic health is 0.95 (i.e.

below 1), individuals purchase enough healthcare to bring average health HS

above 1 even when the government does not provide any healthcare. Thus,

including public health effects increases overall health levels and reduces the

marginal contribution of government provision of healthcare.
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When including a public health effect, the optimal tax rate for most gov-

ernment objectives is 0%. The one exception is a high-inequality-aversion

government that maximises social welfare from utility, which has an opti-

mal tax rate of 7% (without public health, this objective also results in

the highest tax rate of all objectives). As in the no-public-health scenario,

GDP is slightly lower, individual utility is more equal, and incomes are lower

than with other government objectives. Intrinsically unhealthy individuals

end up with higher health levels than intrinsically healthy individuals, as

well as more income but less leisure and other goods. These differences are

explained in the same way as before, with the intrinsically-unhealthy indi-

viduals receiving more healthcare and getting greater benefit from it than

the intrinsically-healthy individuals, so ending up with higher health levels.
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Chapter 5

Conclusion

This work has investigated the optimal role for government in healthcare

provision with four complicating factors:

• Individual heterogeneity of intrinsic health

• Externalities of health levels

• Imperfect information held by firms and government agents about in-

dividuals

• A range of different government objectives

The analysis has involved developing and solving a model that helps us to

understand the way health, income, consumption, and wellbeing interact with

each other and with the provision of healthcare services by the government

and the private sector.

Introducing individual heterogeneity of intrinsic health makes the choice of

government allocation of healthcare important. Without heterogeneity, the
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best tax rate on all measures of wellbeing used in this model is 0%, i.e. the

laissez-faire solution is optimal.

Introducing public health as an externality increases health levels with the

parameters used here, and this results in lower optimal tax rates for all gov-

ernment objectives than in a model without this externality. As individual

health is higher, both the desire for and effectiveness of healthcare are re-

duced; and therefore the value of government provision of healthcare is lower.

As it is assumed that firms cannot use the health of individuals in setting

wages, higher-health individuals tend to enjoy more leisure, but have lower

incomes as a result. This is likely to change if firms can pay individuals

differently based on their productivity, as healthier individuals are more pro-

ductive in this model.

If governments do not have information about individual utilities or prefer-

ences (as is likely), they are unable to distribute healthcare optimally. In

that case they would have to resort to maximisation of an objective based on

observables; five possibilities are included in the analysis (based on after-tax

income, health, and GDP).

When governments maximise social utility defined over after-tax income,

particularly if they have high inequality aversion, any increase in tax rates

causes a significant decline in measured social utility (and other measures of

interest). This is due to the perverse situation where households with high

intrinsic health receive more healthcare as they have lower incomes through

choosing to enjoy greater leisure.

63



For the other government objectives studied here, namely maximising GDP,

social welfare defined over health, as well as social welfare defined over utility,

social utility changes as tax rates change. The highest optimal tax rates are

obtained for governments with high inequality aversion that maximise social

welfare from utility. In this case (unlike for other government objectives), the

ultimate health level of the intrinsically unhealthy individual is higher than

that of the intrinsically healthy individual, due to much higher healthcare

provision, which is also assumed to be more effective for individuals with

lower intrinsic health levels.

Thus, based on this model, governments can increase measured social welfare

from utility by taxing individuals to provide public healthcare, particularly

if they have high inequality aversion. If their citizens enjoy good public

health, this will reduce the optimal level of taxation. Distributing healthcare

to maximise GDP or social welfare from health are other proxies, but they

result in lower social welfare (defined over utility).

The analysis in this work has only investigated a limited range of the possi-

bilities in this model. A richer set of conclusions could be obtained by testing

a wider range of the parameters, and by increasing the number of individu-

als, perhaps as a microsimulation exercise. In particular, it would be useful

to confirm (using a range of parameters within the model) that poor public

health leads to lower overall wellbeing, and to see how provision of public

healthcare affected that result.

There are also many possible and interesting extensions to the model itself

(although increasing the complexity of the model also reduces the clarity
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and interpretability of the results). Individuals might make different choices

about their healthcare if firms could set wages based on health levels. They

might also make different choices, perhaps choosing not to take up some

public provision of healthcare, if it requires some time input on their part.

The effect of leisure and of wellbeing on health has not been incorporated

either. Finally, this model is a static model, but in reality individuals live

in a dynamic world, making intertemporal trade-offs, and experiencing dif-

ferent levels of intrinsic health at different ages; and this model abstracts

from these dynamics. However, this simple model allows us to show how

health-heterogeneous populations and public health externalities affect the

optimal choice of public provision of healthcare, as do different government

objectives. These contributions have not hitherto been incorporated into a

single optimising model so the results contribute new understanding to the

interactions of healthcare policy, taxes, and optimal public policy.
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Appendix A

Notation

A.1 Model Variables

Variable Description

Ck,i Consumption level of good k by individual i

CG
k Purchase (for consumption) of good k by government

CG
k,i Purchase for consumption by individual i of good k by gov-

ernment

CI
k,i Purchase by individual i for consumption by individual i of

good k

Hi Health level of individual i (after healthcare)

HS Average health of all individuals

li Leisure time for individual i

Li Time spent in paid labour for individual i

Lk,i Time spent in paid labour for good k by individual i

Pk Price of produced good k
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Variable Description

Qk Quantity of production of good k

Ui Utility level of individual i

w Wages paid for the labour of any individual

WGDP Social welfare based on GDP

WH Social welfare based on health

WU Social welfare based on individual utility

WY Social welfare based on individual after-tax income

YG Government income from taxes

Yi After-tax income for individual i

A.2 Model Parameters

Parameter Model Value Description

Ak 1 ∀k Multi-factor productivity for produc-

tion of good k

H0,i 0.95 ∀i or {1.1, 0.8} Intrinsic health level of individual i (be-

fore healthcare)

n 2 Number of individuals in the popula-

tion

βi 0.9 ∀i Effect of intrinsic health level improve-

ment from healthcare

γi 0 or 0.5, ∀i Strength of public health externality

ξi 0.5 ∀i Ability of individual i to take advantage

of healthcare
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Parameter Model Value Description

µH,i 0.8 ∀i Parameter on health in Cobb-Douglas

utility function of individual i

µk=O,i 0.1 ∀i Parameter on non-healthcare consump-

tion in Cobb-Douglas utility function of

individual i

µl,i 0.1 ∀i Parameter on leisure for utility in

Cobb-Douglas utility function of indi-

vidual i

ν 0.01 or 20 Level of inequality aversion

τ [0, 0.3] Rate of tax on (labour) income
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Appendix B

Derivations

B.1 Useful Identities

It is useful for the purposes of this model to note that GDP can be written

in several equivalent forms:

WGDP =
∑
k

PkQk

=
∑
k

Pk
∑
i

Ck,i

=
∑
k

Pk
∑
i

CI
k,i +

∑
k

Pk
∑
i

CG
k,i

=
∑
i

∑
k

PkC
I
k,i +

∑
k

PkC
G
k

= (1− τ)w
∑
i

Li + τw
∑
i

Li

WGDP =
∑
k

PkQk =w
∑
i

Li (B.1)
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Starting with the income definition of GDP:

WGDP =w
∑
i

Li

τWGDP =τw
∑
i

Li

=Pk=MC
G
k=M (B.2)

Starting with the perfect competition constraint:

PkQk =w
∑
i

Li

=w
∑
i

 LiLk∑
i

HiLi


=

w
∑
i

Li∑
i

HiLi
Lk

Lk =

∑
i

HiLi

w
∑
i

Li
PkQk (B.3)

=
PkQk∑
k

PkQk

∑
i

HiLi

∑
k

Lk =

∑
k

PkQk∑
k

PkQk

∑
i

HiLi

=
∑
i

HiLi (B.4)
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B.2 Maximise Utility for Individuals

Individual utility is given by:

Ui =Ui (Hi, li, Ck=O,i) (B.5)

and is subject to the budget constraint and the definition of societal health.

Thus the Lagrangian to maximise utility is given by:

Li =Ui (Hi, li, Ck=O,i)

+ λi

(
(1− τ)wLi (li)−

∑
k

PkC
I
k,i (Hi)

)
(B.6)

The first order conditions are given by:

0 =
∂Li

∂Hi

=
∂Ui
∂Hi

− λiPk=M
∂CI

k=M,i

∂Hi

(B.7)

0 =
∂Li

∂li

=
∂Ui
∂li

+ λi (1− τ)w
∂Li
∂li

(B.8)

0 =
∂Li

∂CI
k=O,i

=
∂Ui

∂Ck=O,i
− λiPk=O (B.9)
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and the budget constraint

0 =
∂Li

∂λi

= (1− τ)wLi (li)−
∑
k

PkC
I
k,i (Hi) (B.10)

Labour is given by

Li =1− li (B.11)

and so

∂Li
∂li

=− 1 (B.12)

Healthcare purchased by individuals is given by:

Hi =HS
γi
(
H0,i + ξiH0,i

−βi
(
CG
k=M,i + CI

k=M,i

))
CI
k=M,i =

Hi −HS
γi
(
H0,i + ξiH0,i

−βiCG
k=M,i

)
HS

γiξiH0,i
−βi (B.13)

and so

∂CI
k=M,i

∂Hi

=
(
HS

γiξiH0,i
−βi
)−1

(B.14)

Utility is given by:

Ui =Hi
µH,ili

µl,iCk=O,i
µk=O,i (B.15)
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and so

∂Ui
∂Hi

=µH,iHi
µH,i−1li

µl,iCk=O,i
µk=O,i

=µH,iHi
−1Ui (B.16)

∂Ui
∂li

=µl,iHi
µH,ili

µl,i−1Ck=O,i
µk=O,i

=µl,ili
−1Ui (B.17)

∂Ui
∂Ck=O,i

=µk=O,iHi
µH,ili

µl,iCk=O,i
µk=O,i−1

=µk=O,iCk=O,i
−1Ui (B.18)

The first order condition for health therefore becomes:

0 =µH,iHi
−1Ui − λiPk=M

(
HS

γiξiH0,i
−βi
)−1

µH,iUi =λiPk=MHi

(
HS

γiξiH0,i
−βi
)−1

=λi

[
Pk=M

(
H0,i + ξiH0,i

−βi
(
CG
k=M,i + CI

k=M,i

))
ξiH0,i

−βi

]

=λi
[
Pk=Mξi

−1H0,i
1+βi + Pk=MC

G
k=M,i + Pk=MC

I
k=M,i

]
(B.19)

The first order condition for leisure becomes:

0 =µl,ili
−1Ui − λi (1− τ)w

λi (1− τ)wli =µl,iUi (B.20)
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and the first order condition for consumption of other goods becomes:

0 =µk=O,iC
I
k=O,i

−1
Ui − λiPk=O

λiPk=OC
I
k=O,i =µk=O,iUi (B.21)

Adding these together, λi is given by:

Ui (µH,i + µl,i + µk=O,i) =λi
[
Pk=Mξi

−1H0,i
1+βi + Pk=MC

G
k=M,i

+Pk=MC
I
k=M,i

+ (1− τ)wli + Pk=OC
I
k=O,i

]
(B.22)

Without loss of generality, assume

µH,i + µk=O,i + µl,i = 1 (B.23)

Then

Ui =λi
[
Pk=Mξi

−1H0,i
1+βi + Pk=MC

G
k=M,i

+
∑
i

PkC
I
k,i + (1− τ)w (1− Li)

]

=λi
[
(1− τ)w + Pk=M

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]
λi =Ui

[
(1− τ)w + Pk=M

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]−1
(B.24)

82



Eliminating λi from the first order conditions, the health first order condition

becomes:

µH,iUi =Ui
[
(1− τ)w + Pk=M

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]−1

×
[
Pk=Mξi

−1H0,i
1+βi + Pk=MC

G
k=M,i + Pk=MC

I
k=M,i

]

µH,i
[
(1− τ)w + Pk=M

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]
= Pk=Mξi

−1H0,i
1+βi + Pk=MC

G
k=M,i + Pk=MC

I
k=M,i

Pk=MC
I
k=M,i =µH,i (1− τ)w + µH,iPk=M

(
CG
k=M,i + ξi

−1H0,i
1+βi

)
− Pk=Mξi−1H0,i

1+βi − Pk=MCG
k=M,i

=µH,i (1− τ)w − (1− µH,i)Pk=M
(
CG
k=M,i + ξi

−1H0,i
1+βi

)
CI
k=M,i =µH,i (1− τ)wPk=M

−1 − (1− µH,i)
(
CG
k=M,i + ξi

−1H0,i
1+βi

)
(B.25)

The leisure first order condition becomes:

µl,iUi =
(1− τ)wliUi

(1− τ)w + Pk=M
(
CG
k=M,i + ξi

−1H0,i
1+βi

)
(1− τ)wli =µl,i

[
(1− τ)w + Pk=M

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]
li =µl,i

[
1 +

Pk=M
(1− τ)w

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]
(B.26)
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and the consumption first order condition becomes:

µk=O,iUi =Pk=OC
I
k=O,iUi

[
(1− τ)w + Pk=M

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]−1

µk=O,i =Pk=OC
I
k=O,i

[
(1− τ)w + Pk=M

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]−1

CI
k=O,i =µk=O,iPk=O

−1
[
(1− τ)w + Pk=M

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]
=µk=O,i (1− τ)wPk=O

−1

[
1 +

Pk=M
(1− τ)w

(
CG
k=M,i + ξi

−1H0,i
1+βi

)]
(B.27)

B.3 Maximise Profits

Firm profits are given by:

πk =PkQk − w
∑
i

Lk,i

=PkAkLk − w
∑
i

Lk,i

=PkAk
∑
i

HiLk,i − w
∑
i

Lk,i (B.28)

Maximising profits:

0 =
∂πk
∂Lk,i

=PkAkHi − w

0 =PkAkHiLk,i − wLk,i

0 =PkAk
∑
i

HiLk,i − w
∑
i

Lk,i (B.29)
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Profits are therefore zero and so the perfect competition constraint gives:

PkQk =w
∑
i

Lk,i (B.30)

Summing over all goods, wages are given by:

∑
k

PkQk =w
∑
k

∑
i

Lk,i

=w
∑
i

Li

w =

∑
k

PkQk∑
i

Li
(B.31)

B.4 Government Provision of Healthcare

To optimise how the government distributes healthcare, maximise the social

welfare function subject to the government’s budget constraint, using the

Lagrangian method. The Lagrangian will be given by:

L =W + λG

(
Pk=M

∑
i

CG
k=M,i − τw

∑
i

Li

)
(B.32)

and the first order conditions by

0 =
∂L

∂Hi

=
∂W

∂Hi

+ λGPk=M
∂CG

k=M,i

∂Hi

(B.33)
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Healthcare purchased by government for individuals is given by:

Hi =HS
γi
(
H0,i + ξiH0,i

−βi
(
CG
k=M,i + CI

k=M,i

))
CG
k=M,i =

Hi −HS
γi
(
H0,i + ξiH0,i

−βiCI
k=M,i

)
HS

γiξiH0,i
−βi

=Hi

(
HS

γiξiH0,i
−βi
)−1

−
(
ξiH0,i

−βi
)−1 (

H0,i + ξiH0,i
−βi
(
µH,i (1− τ)wPk=M

−1

− (1− µH,i)
(
CG
k=M,i + ξi

−1H0,i
1+βi

)))
=ξi

−1H0,i
βiHS

−γiHi − ξi−1H0,i
1+βi − µH,i (1− τ)wPk=M

−1

+ (1− µH,i)
(
CG
k=M,i + ξi

−1H0,i
1+βi

)
µH,iC

G
k=M,i =ξi

−1H0,i
βiHS

−γiHi − µH,iξi−1H0,i
1+βi − µH,i (1− τ)wPk=M

−1

CG
k=M,i =ξi

−1H0,i
βiHS

−γi
(
µH,i

−1Hi −H0,iHS
γi
)
− (1− τ)wPk=M

−1

(B.34)

and so

∂CG
k=M,i

∂Hi

=µH,i
−1ξi

−1H0,i
βiHS

−γi

=Hi
−1
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

(B.35)

Thus, the first order conditions are given by:

0 =
∂W

∂Hi

+ λGPk=MHi
−1
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

0 =Pk=M
−1Hi

∂W

∂Hi

+ λG
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

(B.36)
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B.4.1 Maximise Utility Welfare

Social welfare from utility is given by

WU =
1

1− ν
∑
i

[
Ui

1−ν − 1
]

(B.37)

and so

∂WU

∂Hi

=Ui
−ν ∂Ui
∂Hi

(B.38)

Since utility is given by:

Ui =Hi
µH,ili

µl,iCk=O,i
µk=O,i (B.39)

then

∂Ui
∂Hi

=µH,iHi
µH,i−1li

µl,iCk=O,i
µk=O,i

=µH,iHi
−1Ui (B.40)

and so

∂WU

∂Hi

=µH,iUi
1−νHi

−1 (B.41)
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The first order conditions are then

0 =Pk=M
−1HiµH,iUi

1−νHi
−1

+ λG
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

0 =µH,iUi
1−νPk=M

−1

+ λG
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

(B.42)

Sum over i to find λG:

0 =Pk=M
−1
∑
i

µH,iUi
1−ν

+ λG

(∑
i

CG
k=M,i +

∑
i

ξi
−1H0,i

1+βi +
∑
i

(1− τ)wPk=M
−1

)

λG =− Pk=M−1
∑
i

µH,iUi
1−ν

×

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)−1

(B.43)
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and so

0 =µH,iUi
1−νPk=M

−1

− Pk=M−1
∑
i

µH,iUi
1−ν

×

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)−1

×
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

0 =µH,iUi
1−ν

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

−
∑
i

µH,iUi
1−ν (CG

k=M,i + ξi
−1H0,i

1+βi + (1− τ)wPk=M
−1
)

CG
k=M,i =

µH,iUi
1−ν∑

i

µH,iUi
1−ν

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

− (1− τ)wPk=M
−1 − ξi−1H0,i

1+βi (B.44)

B.4.2 Maximise Health Welfare

Social welfare from health is given by

WH =
1

1− ν
∑
i

[
Hi

1−ν − 1
]

(B.45)

and so

∂WH

∂Hi

=Hi
−ν (B.46)
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The first order conditions are then

0 =Pk=M
−1HiHi

−ν

+ λG
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

0 =Hi
1−νPk=M

−1

+ λG
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

(B.47)

Sum over i to find λG:

0 =Pk=M
−1
∑
i

Hi
1−ν

+ λG

(∑
i

CG
k=M,i +

∑
i

ξi
−1H0,i

1+βi +
∑
i

(1− τ)wPk=M
−1

)

λG =− Pk=M−1
∑
i

Hi
1−ν

×

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)−1

(B.48)
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and so

0 =Hi
1−νPk=M

−1

− Pk=M−1
∑
i

Hi
1−ν

×

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)−1

×
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

0 =Hi
1−ν

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

−
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)∑

i

Hi
1−ν

CG
k=M,i =

Hi
1−ν∑

i

Hi
1−ν

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

− (1− τ)wPk=M
−1 − ξi−1H0,i

1+βi (B.49)

B.4.3 Maximise Income Welfare

Social welfare from income is given by

WY =
1

1− ν
∑
i

[
Yi

1−ν − 1
]

=
1

1− ν
∑
i

(∑
k

PkC
I
k,i

)1−ν

− 1

 (B.50)
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and so

∂WY

∂Hi

=

(∑
k

PkC
I
k,i

)−ν

Pk=M
∂CI

k=M,i

∂Hi

=

(∑
k

PkC
I
k,i

)−ν

Pk=M
(
HS

γiξiH0,i
−βi
)−1

=Yi
−νPk=M

(
HS

γiξiH0,i
−βi
)−1

(B.51)

The first order conditions are then

0 =Pk=M
−1HiYi

−νPk=M
(
HS

γiξiH0,i
−βi
)−1

+ λG
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

0 =HiYi
−ν (HS

γiξiH0,i
−βi
)−1

+ λG
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

(B.52)

Sum over i to find λG:

0 =
∑
i

HiYi
−ν (HS

γiξiH0,i
−βi
)−1

+ λG

(∑
i

CG
k=M,i +

∑
i

ξi
−1H0,i

1+βi +
∑
i

(1− τ)wPk=M
−1

)

λG =−
∑
i

HiYi
−ν (HS

γiξiH0,i
−βi
)−1

×

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)−1

(B.53)
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and so

0 =HiYi
−ν (HS

γiξiH0,i
−βi
)−1

−
∑
i

HiYi
−ν (HS

γiξiH0,i
−βi
)−1

×

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)−1

×
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

0 =HiYi
−ν (HS

γiξiH0,i
−βi
)−1

×

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

−
∑
i

HiYi
−ν (HS

γiξiH0,i
−βi
)−1

×
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

CG
k=M,i =

HiYi
−ν (HS

γiξiH0,i
−βi
)−1∑

i

HiYi
−ν (HS

γiξiH0,i
−βi
)−1

×

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

− (1− τ)wPk=M
−1 − ξi−1H0,i

1+βi (B.54)
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B.4.4 Maximise GDP

GDP is given by

WGDP =
∑
k

PkQk

=
∑
k

PkAkLk

=
∑
k

PkAk
∑
i

HiLk,i (B.55)

and so

∂WGDP

∂Hi

=
∑
k

PkAkLk,i

=
∑
k

PkAkLkLi

(∑
i

HiLi

)−1

=Li

(∑
i

HiLi

)−1∑
k

PkAkLk

=Li

(∑
i

HiLi

)−1

WGDP

(B.56)

The first order conditions are then

0 =Pk=M
−1HiLi

(∑
i

HiLi

)−1

WGDP

+ λG
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

(B.57)
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Sum over i to find λG:

0 =Pk=M
−1

(∑
i

HiLi

)−1

WGDP

∑
i

HiLi

+ λG

(∑
i

CG
k=M,i +

∑
i

ξi
−1H0,i

1+βi +
∑
i

(1− τ)wPk=M
−1

)

=Pk=M
−1WGDP + λG

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

λG =− Pk=M−1WGDP

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)−1

(B.58)

and so

0 =Pk=M
−1HiLi

(∑
i

HiLi

)−1

WGDP

− Pk=M−1WGDP

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)−1

×
(
CG
k=M,i + ξi

−1H0,i
1+βi + (1− τ)wPk=M

−1
)

0 =HiLi

(∑
i

HiLi

)−1(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

− CG
k=M,i − ξi−1H0,i

1+βi − (1− τ)wPk=M
−1

CG
k=M,i =

HiLi∑
i

HiLi

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

− (1− τ)wPk=M
−1 − ξi−1H0,i

1+βi (B.59)
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B.4.5 Maximising Government Objectives

In summary, if a government maximises an objective, government-provided

healthcare will be distributed according to

CG
k=M,i =ρi

(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi + (1− τ)nwPk=M
−1

)

− (1− τ)wPk=M
−1 − ξi−1H0,i

1+βi (B.60)

where

ρi =



µH,iUi
1−ν∑

i
µH,iUi

1−ν for the utility objective

Hi
1−ν∑

i
Hi

1−ν for the health objective

HiYi
−ν(HSγiξiH0,i

−βi)
−1∑

i
HiYi

−ν(HSγiξiH0,i
−βi)

−1 for the income objective

HiLi∑
i
HiLi

for the GDP objective

(B.61)

and

∑
i

ρi =1 (B.62)
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Using the government budget constraint,

CG
k=M =τwPk=M

−1
∑
i

Li

=τwPk=M
−1
∑
i

(
1− µl,i

[
1 +

Pk=M
(1− τ)w

(
CG
k=M,i + ξi

−1H0,i
1+βi

)])
=τwPk=M

−1
∑
i

(1− µl,i)

− τ

1− τ
∑
i

µl,i
(
CG
k=M,i + ξi

−1H0,i
1+βi

)
=τwPk=M

−1
∑
i

(1− µl,i)

− τ

1− τ
∑
i

µl,i

(
ρiC

G
k=M + ρi

∑
i

ξi
−1H0,i

1+βi

+ρi (1− τ)nwPk=M
−1 − (1− τ)wPk=M

−1
)

=nτwPk=M
−1

(
1−

∑
i

µl,iρi

)

− τ

1− τ

(∑
i

µl,iρi

)(
CG
k=M +

∑
i

ξi
−1H0,i

1+βi

)

CG
k=M

(
1 +

τ

1− τ
∑
i

µl,iρi

)
=nτwPk=M

−1

(
1−

∑
i

µl,iρi

)

− τ

1− τ

(∑
i

µl,iρi

)∑
i

ξi
−1H0,i

1+βi
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CG
k=M =

(
nτwPk=M

−1

(
1−

∑
i

µl,iρi

)

− τ

1− τ

(∑
i

µl,iρi

)∑
i

ξi
−1H0,i

1+βi

)

×

(
1 +

τ

1− τ
∑
i

µl,iρi

)−1

(B.63)

B.5 Solving the Model

The price of healthcare goods is given by:

Pk=MQk=M

Pk=OQk=O

=

(
w
∑
i

Li

)(∑
i

HiLi

)−1

Lk=M(
w
∑
i

Li

)(∑
i

HiLi

)−1

Lk=O

Pk=MAk=MLk=M
Pk=OAk=OLk=O

=
Lk=M
Lk=O

Pk=MAk=M
Pk=OAk=O

=1

Pk=M =
Pk=OAk=O
Ak=M

(B.64)
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