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Abstract 

Background The value of a life is regularly monetised by government departments for informing resource alloca‑
tion. Guidance documents indicate how economic evaluation should be conducted, often specifying precise val‑
ues for different impacts. However, we find different values of life and health are used in analyses by departments 
within the same government despite commonality in desired outcomes. This creates potential inconsistencies in con‑
sidering trade‑offs within a broader public sector spending budget. We provide evidence to better inform the political 
process and to raise important issues in assessing the value of public expenditure across different sectors.

Methods Our document analysis identifies thresholds, explicitly or implicitly, as observed in government‑related 
publications in the following public sectors: health, social care, transport, and environment. We include both demand‑
side and supply‑side thresholds, understood as societies’ and governments’ willingness to pay for health gains. We 
look at key countries that introduced formal economic evaluation processes early on and have impacted other 
countries’ policy development: Australia, Canada, Japan, New Zealand, the Netherlands, and the United Kingdom. We 
also present a framework to consider how governments allocate resources across different public services.

Results Our analysis supports that identifying and describing the Value of a Life from disparate public sector activities 
in a manner that facilitates comparison is theoretically meaningful. The optimal allocation of resources across sec‑
tors depends on the relative position of benefits across different attributes, weighted by the social value that society 
puts on them. The value of a Quality‑Adjusted Life Year is generally used as a demand‑side threshold by Departments 
of transport and environment. It exceeds those used in health, often by a large enough proportion to be a multiple 
thereof. Decisions made across departments are generally based on an unspecified rationing rule.

Conclusions Comparing government expenditure across different public sector departments, in terms of the value 
of each department outcome, is not only possible but also desirable. It is essential for an optimal resource allocation 
to identify the relevant social attributes and to quantify the value of these attributes for each department.

Keywords Resource allocation, Health, Public sector, Value of a QALY, Value of a life, Demand‑side threshold, Supply‑
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Background
Pressures on public sector budgets lead to concerns 
about the efficient allocation of public sector spending 
[1], along with searches for mechanisms to assess the 
‘value for money’ of options considered [2]. Decisions 
on budget allocation between or across departments are 
generally made at a central political (Cabinet) level, but 
the factors, weights, and quantification of Cabinet level 
decisions are not readily publicly available. Possibly as 
a consequence of that, over recent decades, academic 
research effort has focussed on mechanisms to achieve a 
more efficient allocation of funds within specific depart-
ments or spending programmes [3–7].

In countries with a publicly funded universal health-
care system, there has been substantial discussion and 
academic debate about the efficiency of funding within 
the healthcare sector [8–10]. The opportunity cost (OC) 
of spending within health has been a focus of both pol-
icy and research. Much of the literature is dedicated to 
identifying “thresholds” above or below which the OC of 
spending is either acceptable or not. The methods used 
are, however, based on a core assumption that budgets 
are fixed [3, 11, 12]. Consequently, in healthcare, new 
projects, at least in theory, ‘compete’ for funding within a 
restricted budget for health, so that only those which are 
the most cost-effective should be funded [13–15].

In more pragmatic terms, countries around the world 
apply a form of health technology assessment (HTA) 
based on the consideration of an explicit or implicit cost-
effectiveness threshold to recommend if new treatments 
should be funded for patients. The most common bench-
marking metric used by HTA agencies is ‘cost per QALY’, 
where QALY stands for quality-adjusted life year. QALYs 
measure years of life, adjusted for quality of life linked 
to the health status during those years [16]. In England, 
for example, the National Institute for Health and Care 
Excellence (NICE) sets, for most technologies, £30,000 as 
the maximum cost to be incurred by the NHS to obtain 
an additional ‘unit of healthy life’, measured in terms of 
QALYs [17].

Historically, the measurement of quality of life has 
also been a research focus in a number of non-health 
sectors where health is an important metric in the out-
come space, such as transport or the environment [18]. 
However, that research neither evolved into the develop-
ment of a sector-specific quality-of-life related measure, 
nor facilitated the introduction of (already developed) 
QALYs as a generic outcome measure for those sec-
tors. In non-health sectors, cost–benefit analysis is the 
most commonly used method to compare alternative 
interventions ‘competing’ for funding [19]. The assess-
ment of benefits usually involves a monetary valuation 
of the outcomes produced by these interventions. In this 

context, the thresholds attain a different interpretation: 
they reflect the within-sector value provided to that out-
come (typically addressed as societal ‘willingness to pay’ 
or WTP). WTP measures are generally used to rank pro-
jects according to their value for society (‘consumption 
value’ of health), and they are not usually sufficient as a 
rule for rationing: decision-makers still need to establish 
a policy threshold to ration and make the acceptance/
rejection decisions [20]. For instance, health outcomes in 
England’s Department for Transport (DfT) are frequently 
assessed against benchmarks such as the value of a life or 
the value of a prevented fatality, used as WTP thresholds. 
However, not all projects for which the WTP (based on 
the value-of-a-life threshold) exceeds cost (i.e., for which 
the net present value estimated through the cost–ben-
efit analysis is positive) are finally implemented. In real-
ity, the actual rule used to decide on the implementation 
of the policy—i.e., the minimum net present value above 
which a policy will be implemented—is not made explicit 
in any form or shape.

Consequently, it is likely that the health-related out-
comes of different interventions are measured and valued 
differently across public sector areas. We could think, 
for instance, of a policy that generates an amount of life 
gained which is considered as good value for money 
by one department but is rejected by another depart-
ment that uses a different benchmarking threshold. For 
instance, the DfT in England is willing to pay up to £70K 
for a QALY gained [19], whereas the NICE threshold 
indicates that £20,000-£30,000 is sufficient to gener-
ate one QALY. These inconsistencies are a fundamental 
issue when considering trade-offs against a broader pub-
lic sector spending budget. Recently, a number of authors 
have highlighted the importance of shifting the allocation 
framework and research towards an ‘all-encompassing’ 
multi-sector approach [2, 21–23]. This could begin to 
ameliorate these shortcomings.

While there is vast literature on the social value of 
health gains in specific sectors [8, 24–26], few researchers 
have sought to compare how health gains are appraised 
across public sectors [3, 27, 28]. Similarly, we identified in 
the literature a large number of papers on the empirical, 
monetary valuation of health from the OC perspective 
[29, 30], but these papers do not offer a pragmatic view of 
how much money is linked to an additional unit of com-
parable benefit (e.g. a QALY, a life year, a life) in different 
public sector departments or programmes. Finally, there 
is little research on identifying the (typically implicit) pol-
icy threshold that relates to the value of health that is con-
sidered when accepting or rejecting a policy with a direct 
impact on health. Note that a policy threshold may differ 
from the most accurate empirical estimate of OC (sup-
ply-side threshold) and from the social value of health 
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(demand-side threshold). Explicit policy thresholds used 
in HTA arena are the clear exception, in the sense that, 
for some countries, the rationing rule is clearly described 
in policy documents (e.g., the £20,000-£30,000 NICE 
threshold); and yet, empirical retrospective analysis sug-
gests that the actual policy threshold may considerably 
deviate from the ones described in the documents [9].

The aim of our paper is to assess if there are differ-
ences in the value given to health across country-specific 
departments; quantify these differences and identify 
the reasons underlying them; and explore the potential 
effects on policy decision making. For this purpose, we 
identify and compare estimates of the value of life and 
health used to inform resource allocation within three 
government departments: health, transport, and environ-
ment. We focus on these three departments for two rea-
sons: improving health (or avoiding health losses) is an 
important part of their objectives; and, historically, the 
measurement of quality of life has been a research focus 
in these sectors [18]. Our search did not aim to focus on 
a particular type of threshold, but to identify all the valu-
ations of health explicitly or implicitly used in govern-
ment-related publications to represent the government’s 
value for money threshold, regardless of the approach 
followed to determine it (a discussion of the different 
approaches can be found elsewhere [31, 32]).

As suggested by several authors, in absence of any 
other prioritisation criteria, both the absence of a thresh-
old and the use of thresholds that are too high, too low, 
or too many, risks an unfair and inefficient allocation of 
resources [13, 31]. In this sense, our research is intended 
to raise a number of important issues on assessing the 
value of public expenditure across different sectors and 
so better inform the policy process. We focussed on a 
group of countries that showed commitment to imple-
ment formal health economic evaluation early on [33, 
34]; and/or introduced mandatory or recommended 
guidance on the conduct of health economic evaluation 
that has been revised subsequently, indicating an active 
use of economic evaluation [34]. The selected countries 
are: Australia, Canada, Japan, New Zealand, the Nether-
lands, and the United Kingdom (UK).

This paper is structured as follows. The next section 
explores whether it is theoretically meaningful to com-
pare government expenditure across different public 
sector departments, in terms of the value of each depart-
mental outcome. Section "Methods" introduces the meas-
ures for valuing health that are considered in this paper 
and provides the methods used to map across measures. 
The document search methodology and validation exer-
cise are also detailed in this section. Section  "Results" 
provides the results of the document analysis through 
inter-country comparison. Section "Discussion" provides 

a discussion of results and limitations, and section "Con-
clusions" concludes.

A framework for comparing the value of public 
sector outcomes
In this section, we present a framework to describe how 
governments allocate resources across different public 
services. We begin with a model framed in the welfare 
economics literature, which provides the foundation for 
most approaches to allocative efficiency [35]. We take a 
Pareto optimality perspective and a utilitarian stand-
point, which measures social welfare as the sum of indi-
viduals’ utility. In particular, our model builds on the 
resource-allocation model suggested by Meltzer and 
Smith [15] and Martin et al. [14]; it categorises the vari-
ous policy outcomes into principal attributes (or outcome 
types), differentiating between health (H) and non-health 
(A) attributes. In relation to health attributes, we use the 
optimisation model frequently found in the health eco-
nomics literature [3, 36–38].

The model is illustrated in Fig. 1. The government seeks 
to allocate its budget, M comprising 

{
m1,m2, . . . ,mJ

}
 , 

across the departments j = {1,…,J}, in such a way as to 
maximise the total welfare of society W (H ,A) . Every 
government department invests mj to generate hj health 
outcomes and aj outcomes in non-health attributes. For 
consistency, we assume that all the outcomes hj and aj 
can be expressed in terms of monetary benefits.

In this simple model, the optimal allocation of budgets 
is achieved in a scenario where a marginal increase (e.g., 
one dollar or one pound) in the budget of any department 
will have the same total effect on the social welfare func-
tion, through health and non-health attributes. Details 
on the optimisation problem can be found in Appendix 
1. We define υ = ∂W

∂H
/∂W
∂A

 as the social value of health 

Fig. 1 Elements of our theoretical model of resource allocation
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relative to the non-health attribute A. In a W maximis-
ing equilibrium, the following relationship for any two 
departments i and j needs to hold:

For illustrative purposes, consider two government 
departments: health and social care (i = HSC) and trans-
port (j =  T); and two attributes: improved health (H) and 
improved standards of living (A). In this context, υ signals 
the relative value that improved health has for the soci-
ety, in relation to improved standards of living. Note that 
this is consistent with the interpretation of a threshold as 
the societal value for health. In contrast, the health bene-
fit generated by a marginal change in the HSC budget, 
∂hHSC
∂mHSC

 , is more aligned with the interpretation of thresh-
olds in the sense of OC: they are reflecting the (inverse of 
the) ‘price’ in monetary units of purchasing one addi-
tional unit of health. We could observe that resources 
allocated to the transport sector can have a positive 
impact on health—yet may not be not as cost-effective in 
terms of health generation as investments in HSC sector (
∂hHSC
∂mHSC

> ∂hT
∂mT

)
 ; however, the transport sector can possi-

bly make a more efficient contribution to the improve-
ment of non-health standards of living than HSC sector (
∂aT
∂mT

>
∂aHSC
∂mHSC

)
 . The optimal allocation of resources 

between both sectors depends on the relative position of 
differences of benefits in both attributes, weighted by the 
social value that society puts on health in relation to 
standards of living: υ

(
∂hHSC
∂mHSC

−
∂hT
∂mT

)
=

∂aT
∂mT

−
∂aHSC
∂mHSC

.
This paper identifies estimates of the different inputs 

that enter the equation above: societal values (WTP 
thresholds) which would determine the relative exchange 
rate (υ); and the decision-rules thresholds, which we 
assume that are based on the OC approach. In other 
words, we aim to identify the figures that relate to the 
monetary expenditure behind producing health at differ-
ent public sector departments; and we do not explore the 
way that the monetary figure has been fixed, or the use 
that is made of it—either from supply-side or demand-
side approaches, or even simply by using a convenience 
number based on past expenditure.

Methods
Measuring the value of life and health
The estimation of ‘value of life and health’ measures 
requires instruments aimed to capture the value of 
reducing the risk of death (mortality risks), increasing 
life expectancy, or improving health-related quality of life 
[27, 39].

υ

(
∂hi

∂mi
−

∂hj

∂mj

)
=

∂aj

∂mj
−

∂ai

∂mi
for each i, j in 1, 2,. . . , J

There are several different approaches to represent-
ing the value of life and health. The value of a statisti-
cal life (VSL; also known as the value of a prevented 
fatality or  VPF), is one of the most applied methods. 
Two approaches can be used to estimate a VSL, which 
are based on revealed preferences (e.g., the wage-risk 
approach, also referred to as the wage differential or 
labour market method) [27], or stated preferences (e.g., 
WTP or contingent valuation methods). The WTP 
approach involves asking a sample of participants to each 
state their WTP for a small risk reduction, which is then 
translated into an overall VSL estimate. Thus, as noted 
by Mason et  al. [40], a WTP-based VSL can be defined 
as the aggregate WTP across a large group of individuals 
for small risk reductions. Importantly therefore, a WTP-
based VSL does not represent the amount that an indi-
vidual is willing to pay to save a life.

Another measure, useful for analyses of programmes or 
interventions that result in a small number of years of life 
being saved, is the value of a life year (VOLY; or statistical 
life year SLY). VOLYs can be derived directly (e.g., using a 
WTP approach), or indirectly from an existing VSL esti-
mate [41]. The latter essentially involves dividing a popu-
lation-level VSL by average life expectancy [40, 42].

In some cases, particularly in the health setting, it is 
important to consider both morbidity and mortality. 
That is, quality of life gains should be considered along-
side survival gains. The quality-adjusted life year (QALY) 
achieves this by combining health state utilities (where 0 
is equivalent to dead, and 1 is equivalent to full health) 
with survival gains, such that a year in full health corre-
sponds to one QALY.

A clear unifying framework that demonstrates the 
conceptual link between VSLs, VOLYs, and willingness 
to pay for quality-adjusted life years (WTP-QALYs) has 
been provided in a recent study conducted on behalf of 
the Health and Safety Executive in the United Kingdom 
[39]. Future research may be able to utilise this frame-
work to obtain value of life estimates that are better 
aligned and consistent. In lieu of such aligned estimates, 
comparisons between measures are inevitably imperfect.

In this paper, we will use the expression ‘VOQ’ to refer 
to every threshold benchmarking used when life and 
health are measured in terms of QALYs (VOQ = ‘value 
of QALY’). Both demand-side thresholds (referred to as 
‘WTP-QALY’) and supply-side thresholds will be cap-
tured under that label. This is because our aim is not to 
distinguish between different types of thresholds; but to 
identify those explicitly or implicitly addressed in gov-
ernment-related publications, which represent the gov-
ernment’s value for money threshold in the context of 
health gains. Similarly, for simplification, we will use the 
expression ‘value of life’ or ‘VoL’ to encompass all types 
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of estimates of the value of health and life (i.e., VSLs, 
VOLYs, and VOQs). This equivalence in the nomencla-
ture is detailed in Table 1.

In order to compare estimates of the VoL (Table  1) 
between governmental departments, it is necessary to 
convert them into equivalent metrics. Given the primary 
focus on health, we set out to compare figures in terms of 
VOQs. As VoL in transport and environmental settings 
is often presented as the value of a statistical life (VSL) or 
the value of a life year (VOLY) we use the formula from 
Abelson [27] to convert these from VSLs to VOLY esti-
mates. The latter were subsequently converted to VOQ 
estimates, which required country-specific discount rates 
and life expectancy estimates, as detailed in Appendix 2.

We anticipated high sensitivity of the estimates to the 
various assumptions; therefore, we conduct sensitiv-
ity analyses to test the robustness of our findings. This 
includes varying the expected remaining life expectancy 
in the VSL/VOLY conversions (i.e., using ages other than 
40) and varying the conversion rate between VOLYs and 
VOQs (with an upper limit of 1:1 based on the rationale 
outlined above).1

Document analysis
The aim of the document search and analysis was to iden-
tify whether VoL thresholds exist within the health, social 
care, transport, and environment departments of the six 
selected countries and to determine which thresholds are 
used to inform resource allocation decisions. In the case 
of Health Departments, we aimed to identify whether 
there was any variation in the VoL estimates used within 
the department, for example, thresholds used in HTA 
evaluation compared to public health. For the other 
departments, we sought to identify the main VoL indica-
tors, and we did not seek to explore if other thresholds 
were used in sub-programmes, or the use of these thresh-
olds in impact assessment documents.

The document search gathered evidence from techni-
cal reports, guidelines, and tools published directly by 
government departments in each of these countries indi-
cating methods for conducting impact assessments (e.g. 
Green Book in the UK [19, 43]), where necessary other 
published literature was explored.

Sources were identified using two methods. Firstly, a 
targeted review of government and departmental web-
sites was conducted, seeking to identify official guidelines 
and tools published for use in impact assessments or 
cost–benefit analysis and so on. We identified the most 
recent estimate available. Secondly, EconLit database 
was searched, using variations of the terms “Value of life” 
and “Government/Department” and “UK/Australia/New 
Zealand/…”. Only documents in English were included. 
Papers were deemed relevant if they reported an explicit 
or implicit value of life or threshold in any department 
under consideration. In both cases, documents were 
prioritised if they stated an explicit VoL threshold. For 
countries where no explicit threshold exists or could be 
identified, implicit thresholds e.g., thresholds elicited in 
academic papers and cited as relevant in official docu-
ments were accepted as the best proxy available. Further 
details of the document search and data gathering can be 
found elsewhere [44].

To make comparisons across departments, we esti-
mated VoL in transport and environment departments 
as a proportion of the VoL in the health setting. These 
proportions could then be compared across countries to 
provide a clear indication of whether the same trends are 
found between countries and without having to consider 
variations in exchange rates or the need for purchasing 
power parity.

Results
An estimate of value of life or health was suitably identi-
fied for all departments and for all countries. Generally, 
it was not possible to distinguish between guidance for 

Table 1 Terminology for value of life estimates

WTP: Willingness‑to‑pay; QALY: Quality‑adjusted life year

VoL
Value of Life

Measures VSL
Value of a Statistical Life

VOLY
Value of a Life Year

VOQ
Value of a QALY

Also known as VPF
Value of a Prevented Fatality

SLY
Statistical Life Year

Social value of a QALY
WTP‑QALY
Decision threshold
Policy threshold

Main estimation approaches Human Capital
Wage‑risk trade‑off
WTP

WTP Supply‑side constraints
WTP

1 Excel files showing the sensitivity analysis are available upon request.
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health and for social care. Therefore, we focused solely on 
health.

Most of the thresholds identified in the search related 
to demand-side thresholds or policy thresholds. The 
Department of Health and Social Care (DHSC) in the UK 
provided the only exception, as it appears to have recently 
adopted an explicit supply-side threshold of £15,000 of 
additional spending per QALY gain for projects exclud-
ing HTA.2 This figure, used in impact assessments [45, 
46], is based on an estimate from Claxton et al. [30]. The 
adoption of £15,000 as an explicit supply-side threshold 
was also discussed at the review of Cost-Effectiveness 
Methodology for Immunisation Programmes & Procure-
ments [47]; but the adoption of this figure was finally 
rejected by the government [48]. Our search did not 
identify any explicit, evidence-based supply-side thresh-
olds elsewhere. Therefore, this section primarily focuses 
on our findings on demand-side and policy thresholds.

To maximise comparability, values have been adjusted 
to 2019 prices wherever possible. All prices are shown 
in the local currency (i.e., GBP, EUR, CAD, JPY, AUD & 
NZD). Tables 2, 3, 4, 5, 6, 7 show the estimates identified 
for the UK, the Netherlands, Canada, Japan, Australia, 
and New Zealand.

Table 8 illustrates that in 13 out of 15 comparisons the 
values in the health setting are far lower than those from 
the transport and environment settings, with the value of 
life used in health often < 50% of the value used in trans-
port (in six out of seven comparisons) and environment 
(in five out of eight comparisons). There are only two 
examples where the value in transport or environment 
does not exceed the value used in health. The first is the 
smaller of the two Defra estimates in the UK, which is 
intended for capturing the acute mortality impact of air 
pollution. If a broader estimate had been used, such as 
one from the Green Book, the value would be at least 
double the upper health value of £30,000 (see Table  2). 
The other example is the smaller of the two academic 
estimates in Japan, also in an environment setting, which 
was the lowest value from that particular study.

Figure  2 presents our findings graphically. Using each 
country’s value of life estimate from the health setting as 
the baseline, we show transport and environment esti-
mates relative to health. The shaded areas indicate the 
range of the estimates. The largest difference between 
value of life estimates in the health setting compared to 

transport and environment is seen in New Zealand, but 
there are sizeable differences in all countries considered.

The sensitivity analysis found that the observed trend 
that health is valued less in the health setting relative to 
transport and environment setting appears to be robust 
to the assumptions made when converting between 
measures. Further details of the sensitivity analysis can 
be found in Appendix 3.

Discussion
Our research has two main contributions to the litera-
ture on resource allocation. First, we provide a simple 
model on resource allocation that is consistent with two 
interpretations of the threshold: as the societal value for 
health (the relative value that improved health has for the 
society, in relation to other non-health attributes), and 
the opportunity cost (in the sense of the ‘price’ in mon-
etary units of purchasing one additional unit of health). 
This theoretical framework supports that the optimal 
allocation of resources between both sectors depends on 
the relative position of differences of benefits between 
health and other attributes, weighted by the social value 
that society puts on health in relation to other attributes. 
Second, we examine the policy-related documents in 
three public sector areas, identify the main VoL estimates 
used within each department, and make comparisons 
between them.

From a theoretical perspective, as we have set out in 
the framework in section  "A framework for compar-
ing the value of public sector outcomes", if we assume 
that the ultimate goal of governments when distribut-
ing resources is to make optimal decisions for their 
citizens, then the methods used for economic evalua-
tions of any government investment must be consistent, 
and resources should be allocated efficiently across and 
within departmental portfolios. It is important to rec-
ognise that a measure for use within health systems pri-
oritisation (which is what the QALY provides) does not 
necessarily translate to overall resource allocation. The 
current cost per QALY threshold is used in a number 
of countries to determine if new technologies should be 
introduced into the HSC sector given the current budget 
constraint. On that basis, the threshold needs to be set 
at a level which reflects the OC in terms of health gain 
within the existing health budget. This, of course, raises 
questions of whether the health budget is optimal and 
how a government should determine the OC of putting 
additional resources into the health system or environ-
ment or transport, or any other department.

Our analysis also supports the fact that identifying and 
describing the VoL from disparate public sector activi-
ties, in a manner that facilitates comparison, is theoreti-
cally meaningful. First, benefits will be assessed around a 

2 We could not identify an official document recommending the use of this 
supply-side threshold – beyond its use in impact assessment reports. Note 
that the £15,000 number is not used by the NHS in reviewing its spending 
programmes, or by NICE in its HTA appraisals on behalf of the NHS. We 
include the figure in the results for UK for completeness. However, since 
impact assessment reports were beyond the scope of our search for other 
countries, we do not include this threshold in our analysis, as a matter of 
consistency.
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set of attributes or domains that are relevant to society—
‘health’ being one of them. This assumption is supported 
by a large number of papers that seek to identify country-
specific public sector outcome attributes. For pragmatic 
reasons, ‘health and life’ benefits from different areas of 
public spending are usually described and measured in a 
variety of different units (as QALYs, VOLYs, or VSL), so 
it is typically very challenging to compare the value and 
OC of new investments. However, under a set of assump-
tions, it is plausible to estimate equivalences between 
these outcome measures, as long as a posterior sensitivity 

analysis proves that results are robust to changes in the 
assumptions supporting the mapping.

Fully variable budgets are probably the most argued 
condition for the social welfare model suggested by this 
report. The alternative, in which investments are made 
within an exogenously determined, annually ‘fixed’ 
budget, risks decisions being made that are suboptimal 
in the present and in the future. To move to an opti-
mal distribution, criteria for approval should attract 
additional resources as long as the total increase in the 
welfare resulting from improvement in the ‘best’ attrib-
utes outperform the welfare lost resulting in a lower 

Table 8 Inter‑country comparison

All values are in local currency. *: England. HTA: Health Technology Assessment. UK: United Kingdom. NL: The Netherlands. CA: Canada. JP: Japan. AU: Australia. NZ: 
New Zealand. NICE: National Institute of Health and Care Excellence. ZIN: Zorginstituut Nederland (National Health Care Institute). PMPRB: Patented Medicine Prices 
Review Board. DfT: Department for Transport. BITRE: Bureau of Infrastructure and Transport Research Economics. Defra: Department for Environment, Food and Rural 
Affairs. NEPC: National Environment Protection Council

Country Health (HTA) Transport Environment

Source Value(s) Source Value Health as % Source Value Health as %

UK NICE 20,000–30,000 DfT/Green Book 73,535 27–41% Defra 25,474 79–118%

49,288 41–61%

NL ZIN 20,000 OEEI Guideline 52,777 38% CE Delft 80,703 25%

CA PMPRB 50,000–100,000 Treasury 283,612 18–35% Treasury 283,612 18–35%

JP Implicit 5,000,000 Cabinet Office 8,413,152 59% Academic 3,834,313 130%

17,198,567 29% 12,805,860 39%

AU Academic (× 2) 52,400–75,000 BITRE 199,832 26–38% NEPC 314,133 17–24%

NZ Treasury 33,306 Treasury 245,676 14% Treasury 245,676 14%

Fig. 2 ‘Value of life’ benchmarks by government department. Health = baseline (100)
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improvement in the ‘worst’ attributes relative to the 
other departments. Economic evaluations should take 
into account all costs and benefits that are important to 
society [49, 50] to facilitate the comparison of attributes 
across sectors; yet, societal preferences in defining the 
value of the attributes (in terms of trade-offs) are needed 
to correct the imbalances across sectors [22]. Finally, it is 
important to notice that when considering efficient allo-
cation across sectors, we need an exchange rate based 
on societal values; and as it is an exchange rate (as illus-
trated in our theoretical model), it has to be based on the 
relative value that improved health has for the society, in 
relation to other (non-health) attributes.

More pragmatically, there is evidence in the coun-
tries studied that the VoL criteria used by those in the 
health sector are systematically lower than that those 
used for health gain achieved in comparable sectors. In 
some countries, this is considerably lower than the VoL 
provided in other non-health departments. In the vast 
majority of cases, VoL in the health setting is far lower 
than VoL in the transport and environment settings.

Empirically, we need to correlate some of these differ-
ences in VoL with the fact that transport and environ-
ment departments (as well as HSC departments except 
for HTA-based decision-making) usually use cost–ben-
efit analysis as a form of economic evaluation to inform 
decision making. This advice translates into not using the 
threshold as a rationing rule. WTP measures are used 
to rank projects according to their value for society; but 
even if so, decision-makers need to establish a policy 
threshold related to the maximum value given to life and 
health, in order to ration and make the acceptance/rejec-
tion decisions in policies for transport, environment, and 
non-HTA health-related policies. Guidebooks identified 
in this paper do not explicitly state any policy threshold 
or rule to be used for that. Decisions made across depart-
ments such as transport or environment are thus gener-
ally based on an unspecified rationing rule which, in the 
absence of any other prioritisation criteria, risks an inef-
ficient allocation of resources in the sense of overpaying 
for some new programmes. Whilst WTP measures thus 
overstate the actual policy threshold used for adopting 
new interventions in non-health departments it remains 
likely that the effective threshold for health gain is above 
the OC threshold used in health departments.

Limits
Our study has a number of limitations. The first limita-
tion relates to our ability to identify reliable estimates 
via a document search and analysis. We sought to iden-
tify the value of health estimates that are currently used 
in practice in analyses across multiple departments in 
multiple countries. The ideal sources for this information 

are governmental guidelines for the implementation of 
cost–benefit analyses, impact assessments or similar, 
such as the Green Book in the UK. Not all countries have 
an equivalent document, and, in some cases, such as in 
the Netherlands, guidelines existed, but explicit values 
of health were not provided. This meant that we often 
had to rely on other documentation that typically did 
not clearly state that a certain value is recommended or 
required to be used in analyses.

The second relates to our analysis. Whilst converting 
between VSLs and VOLYs is fairly well established, this is 
not the case for converting between VOLYs and QALYs. 
We identified a ratio in the literature and used this for 
our main analyses. However, it is not clear whether this 
is entirely appropriate. We tried to mitigate any impact 
of this by conducting a sensitivity analysis whereby the 
two measures were equivalent, as this would provide the 
smallest possible QALY values on the basis that a VOLY 
would not be valued more highly than a QALY.

A final limitation of the study is the lack of information 
found about the rationing (supply-side) rules used when 
non-health departments decide which projects should be 
implemented. These figures would allow a more accurate 
comparison of the value of life and health across public 
sectors, by considering supply- and decision- side rules 
separately.

Future research
An exploration of the Impact Assessment reports could 
bring light to the unobserved policy threshold used for 
decision-making in non-health departments. Future 
research could also elicit the societal preferences for dif-
ferent attributes (and an exchange rate based on societal 
values subsequently), following an attribute framework 
suggested elsewhere [22]. With that information in hand, 
the optimal resource allocation suggested in this research 
could help quantify the potential imbalance in the value 
of health across different parts of the public sector.

Conclusions
Comparing government expenditure across different 
public sector departments, in terms of the value of each 
department outcome, is not only possible but also desir-
able. In that respect, it is essential to identify the rel-
evant social attributes and to quantify the value of the 
attributes for each public sector. We have shown that 
health is likely to be valued less by those responsible for 
allocating resources in health than those in the environ-
ment and transport portfolios. If decisions made across 
departments such as transport or environment are gen-
erally based on an unspecified rationing rule, risks of an 
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inefficient allocation of resources in the sense of overpay-
ing for some new programmes will always be present.

Appendices
Appendix 1: Theoretical model
We present a model framed in the welfare econom-
ics literature, which provides the foundation for most 
approaches to allocative efficiency [35]. We take a Pareto 
optimality perspective and a utilitarian standpoint, which 
measures social welfare as the sum of individuals’ utility. 
We categorise the various policy outcomes into principal 
attributes (or outcome types), differentiating between 
health (H) and non-health (A) attributes. In relation to 
health attributes, we use the optimisation model fre-
quently found in the health economics literature [3, 
36–38].

3 Note that we have not considered the possibility of taxation changes, i.e., 
we are simply limiting consideration to the relative allocation of resources 
and where sub-optimal outcomes are generated within that.

The government seeks to allocate its budget, M com-
prising 

{
m1,m2, . . . ,mJ

}
 , across the departments 

j = {1,…,J}, in such a way as to maximise the total wel-
fare of society W (H ,A) . Every government depart-
ment invests mj to generate hj health outcomes and aj 
outcomes in non-health attributes. For consistency, we 
assume that all the outcomes hj and aj can be expressed 
in terms of monetary benefits.

Note that in our model of welfare-maximising deci-
sion-making, for simplicity we assume the government 
is acting as a perfect agent for society and has access to 
perfect information on the costs and benefits of extant 
and potential new public sector activities.

Also note that we are assuming a functional form for H, 
implying that ∂W /∂hj is the same for all j; this translates into 
assuming that the output production process is irrelevant to 
its impact on the welfare function. For example, scenarios 
as societal preferences putting a higher value on producing 
health through education rather than through healthcare 





Max W (H ,A)
s.t. H =

�
jhj

A =
�

jaj
hj = fj

�
mj , zj

�

aj = gj
�
mj , zj

�
�

jmj ≤ M





settings are not reflected in our model. However, this is not 
a necessary consideration in our work, given that it is the 
assessment of consistency in output valuation that is the 
goal.

The optimal level of expenditure in sector j derived 
from the model would be a function of the budget and 
the additional factors, as:

In this simple model, the optimal allocation of budg-
ets 

{
m∗

j

}
 is achieved in a scenario where a marginal 

increase (e.g., one dollar or one pound) in the budget of 
any department ( ∂mj ) will have the same total effect 
(‘marginal value’ or MV) in the social welfare function, 
through health and non-health attributes:

m∗

j = P
j

(
M, zj

)
, j = 1 . . . , J

MVi =
∂W

∂H

∂hi

∂mi
+

∂W

∂A

∂ai

∂mi
=

∂W

∂H

∂hj

∂mj
+

∂W

∂A

∂aj

∂mj
= MVj, for each i, j in 1, 2,. . . ,J

Following the same notation as in Claxton et  al. 
(2010), we define υ = ∂W

∂H /∂W
∂A  as the social value of 

health consumption relative to the non-health attribute 
A. The equilibrium formula leads us to:

In situations where the MV of activities in one depart-
ment exceeds that of another, available budgets shall 
be directed to the department with the higher MV. In 
principle, budget reallocation will occur until the MV 
is equal across all government departments—at that 
point, there is efficiency in public spending, social wel-
fare is maximised, and any further reallocation of budg-
ets would reduce social welfare.3

Appendix 2: Mapping variables
In order to compare estimates of the VoL between gov-
ernmental departments, it was necessary to convert 
them. Given the primary focus on health, we set out to 
compare figures in terms of VOQs, while we note that 
the VoL in transport and environmental settings is often 

υ

(
∂hi

∂mi
−

∂hj

∂mj

)
=

∂aj

∂mj
−

∂ai

∂mi
, for each i, j in 1, 2, . . . , J
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presented as the value of a statistical life (VSL) or the 
value of a life year (VOLY).

Equation 1 sets out the formula used to convert from 
VSL to VOLY, from Abelson [27]:

It therefore follows that the VSL can be calculated from 
a VOLY estimate:

A is defined as in Eq. 2:

where n is the years of expected lifetime remaining and 
r is the rate at which future utility is discounted. The life 
expectancy and discount rate used in this calculation 
can have a significant impact on the overall estimates. 
For life expectancy, we followed convention by using life 
expectancy at age 40 [27]. Average life expectancy was 
identified for each country and 40 was subtracted from 
this figure to produce an estimate of n for each country. 
In practice, the most suitable age to calculate life expec-
tancy from depends on the specific framing of the task 
used to estimate each VSL. Given the number of VSLs 
that we expected to identify and convert in this study, 
and the potential challenges associated with identifying 
the source of the numbers used in policy documents, 
we chose to use life expectancy at age 40 for all conver-
sions. The implications of this assumption were explored 
in sensitivity analyses. For discount rates, government 
guidelines in each country were reviewed to identify suit-
able rates.

Converting VSL or VOLY to VOQ is challeng-
ing because the latter captures morbidity as well as 
mortality. Logically, it would be expected that QALY 
would be valued more highly than a life year, because it 

(1)VOLY =
V̂SL
A

(2)VSL = V̂OLY · A

(3)A =
[1−(1+r)−n]

r

represents a year in full health as opposed to a year in 
average quality of life. The relationship between the two 
measures can be expressed as the following:

where wt represents the proportional change in WTP as 
a result of moving from average quality of life (as expe-
rienced in one VOLY) to full health (as is experienced in 
one QALY). Thus, one VOLY is only equivalent to one 
QALY if there is no change in societal value when mov-
ing from average quality of life to full health.

Mason et al. and Tehard et al. both set out approaches 
to estimate VOQ from a VSL/VOLY [40, 42]. These 
approaches require comprehensive health state util-
ity and life expectancy data. Their results indicate that 
WTP-QALYs are greater than VOLYs, in the region of 
17–27% (a value of wt of 1.17–1.27). This is consider-
ably larger than the estimate of 8.7% cited in the CE 
Delft Environmental Prices Handbook [51]. Given 
the substantive data requirements for replicating the 
approaches by Mason et al. [40] and Tehard et al. [42], 
we instead decided to adopt the most conservative con-
version rate that we identified in the literature (a value 
of wt of 1.087) in our baseline comparisons and to con-
duct sensitivity analyses around this number.

Given the high sensitivity of the estimates to the vari-
ous assumptions described above, we also conducted 
sensitivity analyses to test the robustness of our conclu-
sions. This included varying the expected remaining life 
expectancy in the VSL/VOLY conversions (i.e., using ages 
other than 40) and varying the conversion rate between 
VOLYs and VOQs (with an upper limit of 1:1 based on 
the rationale outlined above).

Appendix 3: Sensitivity analysis
As numerous assumptions are required to convert 
between VSLs, VOLYs and VOQs, it is important to test 
whether these assumptions could impact the findings. 

(4)VOQ = wtVOLY

Table 9 Sensitivity analysis results

Country Health Transport Environment

Source Value(s) Source Value Health as % Source Value Health as %

UK NICE 20,000–30,000 DfT/Green Book 44,167 45–68% Defra 23,435 85–128%

45,343 44–66%

NL ZIN 20,000 OEEI Guideline 31,951 63% CE Delft 74,244 27%

CA PMPRB 50,000–100,000 Treasury 171,956 29–58% Treasury 171,956 29–58%

JP Implicit 5,000,000 Cabinet Office 5,569,278 90% Academic 2,538,211 197%

12,375,477 40% 8,477,130 59%

AUS Academic (× 2) 52,400–75,000 BITRE 163,696 32–46% NEPC 288,991 18–26%

NZ Treasury 33,306 Treasury 182,625 18% Treasury 182,625 18%
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As noted earlier, two big assumptions relate to the age 
upon which life expectancy is calculated when convert-
ing between VOLYs and VSLs (40 was used in our analy-
sis), and the conversion rate between QALYs and VOLYs 
(a rate of VOQ = 1.087 VOLY was used in our analysis). 
Both of these assumptions have clear limits. Using life 
expectancy at birth (age zero) will result in the smallest 
possible VOLYs when converting from VSLs, holding 
all else equal. Using a conversion rate of 1 to 1 between 
VOQs and VOLYs will result in the smallest possible 
VOQ estimates when converting from VOLY to VOQ. 
We therefore repeated the inter country comparison 
analysis using both of these alternative assumptions at 
the same time; the results are in Table 9.

Overall, the sensitivity analysis finds that the observed 
trend that health is valued less in the health setting rela-
tive to transport and environment setting appears to 
be robust to the assumptions made when converting 
between measures.
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