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Abstract

System-level risks generate volatility that can threaten the stability of public health systems and jeopardise population
health. In financial terms, these risks may be systematic, arising from macroeconomic shocks, or systemic, arising from
cascading failures due to interconnectedness. Interventions such as disease elimination and eradication (DEE) play a crucial
role in mitigating the aggregate impact of such risks. However, conventional health economic evaluations often overlook
these broader benefits realised during periods of instability, focusing instead on programme-specific risks under steady-state
assumptions. Insights from financial economics can help capture this value and inform a more robust economic appraisal. This
paper explores how concepts from financial economics can strengthen conventional health economic methods for evaluating
programmes that reduce the aggregate impact of such system-level risks, using DEE as a primary example. It draws on asset
pricing theory, macroeconomic models of rare disasters, real options analysis, and discounting practices. Key recommenda-
tions include recognising the added value of programmes that perform better during downturns due to the protection they
offer against macroeconomic shocks or catastrophic events; using ‘real options’ thinking to manage uncertainty and preserve
flexibility in long-term, high sunk cost projects; and accounting for equity considerations when setting discount rates for
programmes with significant intergenerational impacts. The financial economics tools highlighted here could serve as key
components of a broader analytical framework, supporting investment decisions that recognise and more accurately capture
the value of investments that reduce the aggregate impact of system-level risks.

1 Introduction be systematic stemming from macroeconomic events (e.g.,
global recessions) [4] or systemic stemming from intercon-
nectedness or dependencies within the system [5]. The latter
is particularly concerning as it can enable tail events, which
are extreme, rare shocks, to cascade into catastrophic crises
(e.g., the 2008 financial crisis) [6].

The current health economics toolkit is arguably more tai-
lored to quantify and determine the impact of intervention-
specific risks under normal circumstances, while neglecting
broader impacts on healthcare system demand and supply
during periods of severe stress or resource constraints. For
instance, systematic risks, such as recessions or financial cri-
ses, can strain health systems and public programmes, con-
tributing to adverse outcomes for specific diseases, as seen
in a rise in tuberculosis (TB) incidence in some European
countries following the 2008 financial crisis [7]. Separately,

Health economic analysis plays a central role in assessing
the value of public health investments through the quanti-
fication of health benefits and costs [1, 2]. However, little
consideration has been given to whether routinely applied
economic evaluation methods appropriately capture the
value of mitigating and adapting to system-level risks.
These are risks that extend beyond individual interventions
or programmes but can affect whole health systems and
exist within broad social, financial, and economic contexts
[3]. In financial economics, there is typically a greater con-
cern for how investment opportunities, both financial and
real, perform in the face of system-level risks, which can
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Key Points for Decision Makers

Standard economic evaluations focus on intervention-
specific risks in steady conditions, often neglecting the
broader health system impact during system-level crises.

We draw lessons from financial economics to inform
health economic methods for assessing and valuing the
benefits of programmes aimed at reducing the aggregate
impact of system-wide risks.

Recommendations include prioritising countercyclical
health programmes for their protective value, using real
options to value flexibility when making irreversible,
long-term investments under uncertainty, and carefully
selecting discount rates to account for intergenerational
equity.

systemic vulnerabilities (like weak sanitation infrastructure)
could cause a tail event (like an earthquake) to cascade into a
catastrophic health crisis (as seen with the cholera epidemic
in Haiti [8]). It is worth considering whether and how the
benefits of certain public health interventions (like disease
elimination and eradication [DEE]), which may help miti-
gate the consequences of such risks, can be adequately cap-
tured and valued.

In this paper, we argue that insights from financial eco-
nomics can be useful in informing the economic evaluation
of public health initiatives that can play a role in mitigating
the aggregate impact of system-level risks. We highlight key
concepts from financial theory and explore their relevance
for evaluating the long-term value of interventions address-
ing such risks, using DEE investments as a primary exam-
ple. Specifically, we draw on beta values from asset pricing
models to reflect the countercyclical value, welfare cost of
uncertainty from disaster risk models to reflect the insurance
value, real options analysis to reflect the flexibility value,
and declining discount rates to reflect the intergenerational
equity value of these programmes. Finally, we present a styl-
ised numerical example to show how incorporating these
concepts can alter the estimated value of a programme rela-
tive to standard economic evaluation.

2 Lessons From Financial Economics

2.1 The Countercyclical “Hedge” Value of DEE

Health economics typically accounts for parametric uncer-
tainty and its consequences in decision making [9, 10].
Variability of actual project outcomes, although recognised

and often estimated [11], is not explicitly accounted for in
routine economic evaluations. In financial economics, such
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project risk is divided into two types: diversifiable and non-
diversifiable. Diversifiable risks, also known as idiosyncratic
risks, are project-specific (e.g., cost overruns, unforeseen
challenges, or failure) and are independent of the events in
the wider economy [12]. Finance considers these irrelevant
for valuation because investors can eliminate them through
diversification. Non-diversifiable risks, on the other hand,
are commonly referred to as systematic risks, and include
those arising from economy-wide factors such as inflation,
interest rates, or recessions [4, 13]. It is useful to distin-
guish between systematic and systemic risk within the broad
category of non-diversifiable risks. While the terminology
and distinction are not always consistent across sources, we
define both as having system-wide impacts but differing in
their source: systematic risks stem from macroeconomic
cycles or market fluctuations, whereas systemic risks origi-
nate from failure of one entity, sector, or component, such
as the collapse of a major financial institution, that triggers
cascading failures across the entire system [4, 14, 15].
Measuring systematic risk is central to asset pricing the-
ories in finance [16—19]. The consumption-based Capital
Asset Pricing Model (CCAPM) extends the traditional mar-
ket-based CAPM by incorporating consumers’ intertemporal
choices and consumption preferences into asset pricing by
considering the wider economy beyond financial markets. In
this model, expected returns on financial investments reflect
the difference in marginal utility between consuming today
versus saving for future consumption. A key feature of the
CCAPM is its use of a consumption beta as a measure of
systematic risk, which captures the correlation between the
asset’s realised outcomes and changes in aggregate con-
sumption levels. A procyclical or positive beta asset moves
in the same direction as the overall consumption growth.
Countercyclical (or negative beta) assets, on the other hand,
such as gold, move in the opposite direction to the overall
consumption growth. Although systematic risk is difficult
to avoid, it can be partially hedged using assets with nega-
tive betas. The lower systematic risk profile of these assets
justifies the use of a lower discount rate, thereby increasing
the investment’s calculated net present value (NPV) [20].
This interaction between realised outcomes and the
broader economy has seen relatively little consideration
in health economics. A good example of investments with
a negative beta or countercyclical potential could be DEE
programmes. Similar to the way investors use countercycli-
cal stocks to diversify their portfolios and potentially miti-
gate losses during economic downturns, DEE programmes
could offer a form of risk mitigation against deteriorating
population health and the consequent system strain [21].
Evidence shows that the incidence of many communicable
diseases often rises during periods of economic crisis [22,
23], including neglected tropical diseases (NTDs) [24-26].
This may be because worsening health causes recessions,
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or because maintaining well-working healthcare systems
becomes harder during economic downturns. For valua-
tion, the direction of causation is not relevant for adjusting
the discount rate; rather, the programme’s value as a hedge
is influenced by how its benefits, measured in disability
adjusted life years (DALYs) averted or quality adjusted life
years (QALYs) gained per unit cost, co-move with changes
to macroeconomic growth (systematic risk). Elimination
or eradication of diseases before such periods of downturn
would avert worsening health outcomes when the conse-
quences of these are particularly challenging for health sys-
tems to bear, and when the marginal utility of consumption
is high. In the language of CCAPM, this countercyclical
pay-off corresponds to a negative consumption beta.
Therefore, DEE efforts should arguably be valued more
than they typically would be using more standard health
economic methods. Viewing DEE programmes as coun-
tercyclical assets could also mean their financing could be
drawn from climate or disaster risk frameworks, like blended
finance alliances and resilience bonds, rather than traditional
health aid. We recognise that programme costs may fluctu-
ate with economic conditions, and if they are systematically
higher during downturns, this could partially offset the pro-
ject’s hedging value. Therefore, the betas for both costs and
benefits must be empirically estimated for each programme
to ensure robust valuation. Currently, given that there is a
lack of experience in estimating beta values for health pro-
jects, it would be useful to illustrate, with case studies, how
a qualitative indication of whether projects are likely to be
strongly pro- or countercyclical might be made. Also how
these co-dependencies are likely to be concentrated, i.e.,
whether in low probability high impact events, such as cata-
strophic shocks or disasters [27]. This could help identify
the types of programmes and conditions under which quan-
tifying the interaction between project outcome and broader
economy is likely to be important for investment decisions,
as well as inform how beta could be estimated for these [27].

2.2 The Insurance-Like Value of DEE

Financial economics has long focused on understanding
the impact of potential future catastrophes on the valua-
tion of financial assets [28—30]. This focuses on large-scale
national or global events that can cause a severe fall in con-
sumption, gross domestic product (GDP), and wealth but
allow for some degree of recovery [30]. Such catastrophes
are realisations of tail risks, which are low-probability, but
extremely high-impact events (e.g., a pandemic or climate
shock) whose probabilities lie in ‘fat-tails’ of statistical dis-
tributions [31, 32]. When such a tail event occurs within a
system characterised by high systemic risk, localised failures
can cascade system-wide, amplifying the initial shock into

a catastrophic crisis [33-35]. For instance, the emergence
of SARS-CoV-2 in late 2019 exemplifies a tail-risk event
that became a global catastrophe not only due to the virus’s
virulence, but also because structural weaknesses allowed
failures to propagate system-wide. Localised outbreaks in
Wuhan cascaded globally: overwhelmed health systems
triggered care rationing [36], concentrated supply chains
turned local disruptions into global shortages [37], work-
force depletion strained health services [38], and limited sur-
veillance led to blunt lockdowns that synchronised economic
shocks [39]. The pandemic’s cascading effects went beyond
direct health impacts, driving food insecurity for 135 million
additional people [40], education disruptions for 1.6 billion
students [41], and economic losses estimated at $28 trillion
globally (2020-2025) [42]. Although these events typically
only have a low probability of occurrence, the economic
and social harms experienced within them are so severe that
they should have a significant ex-ante effect on programme
valuation.

Recent extensions to the CCAPM [29] focus on simulta-
neous tail risk to both consumption and asset outcomes, and
this provides important insights relevant for economic evalu-
ation of health policies. These models suggest that projects
or policies that are expected to deliver the greatest benefits
within these tail events or catastrophic states are known to
be particularly valuable because they occur at times when
the marginal utility of consumption is very high, more so
than general negative beta projects that are countercyclical
within more normal economic cycles. The more systemic the
downturn, the greater this value is likely to be. This is par-
ticularly true if such catastrophes last for extended periods,
since, given their severity, society would be unable to adapt
at the time to provide similar benefits through other means.
For instance, Barro [29] shows that eliminating disaster risks
yields welfare gains about 15 times greater than reducing
conventional business cycle risks, as disasters impose sig-
nificant costs through reduced consumption. This would be
further amplified for wars, natural disasters, and epidemics if
an allowance were made for direct utility losses from death,
injury, and disease.

This insight extends to programmes such as DEE. During
a catastrophic crisis, when health systems are overwhelmed
and fiscal capacity is sharply reduced, routine disease con-
trol can break down, increasing the likelihood that previ-
ously contained pathogens resurface just when the system
is least equipped to respond (e.g., measles surveillance and
vaccination campaigns were suspended worldwide dur-
ing COVID-19, leading to immediate outbreaks [43]). The
unique value of DEE programmes is that they can offer pro-
tection against the compounding threat of disease re-emer-
gence during severe economic or social crises. Even though
they might not prevent all illnesses, their ability to mitigate
losses in tail-risk or catastrophic states can massively, not
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just modestly, increase their value. In this sense, DEE can
be viewed as a form of insurance policy for public health,
as its benefits are concentrated where they matter most, in
times of systemic stress. Society effectively pays for a guar-
antee to mitigate the impact of low-probability, high-impact
disasters, much like Pindyck’s [44] framing of greenhouse
gas abatement as societal insurance against catastrophic cli-
mate risk. Positioning DEE similarly may also broaden its
appeal to investors beyond the health sector, seeking sys-
temic resilience.

Frameworks and models developed in financial eco-
nomics estimate willingness-to-pay (WTP) to quantify the
welfare cost of uncertainty associated with rare disasters
or catastrophes [29, 30]. It estimates how much society is
willing to pay for this protection, usually as a fraction of
consumption or the tax burden. However, these frameworks
are not designed for health contexts; in particular, they do
not account for the opportunity cost (in terms of shorter-
term benefits) of drawing on finite health care resources to
deliver these insurance policy interventions. Willingness-
to-pay for protection, therefore, should not be treated as a
decision rule for investment since, in theory, it can be unlim-
ited. As a result, it doesn’t represent the true opportunity
cost of choosing one intervention over another. Nonetheless,
elements of their approach, such as the focus on rare disas-
ters and the welfare cost of uncertainty, should, we believe,
be considered for health economic evaluation. A practical
first step is to use a risk-adjusted discount rate to capture
this high “insurance” value. However, determining this rate
is challenging. It would require data on whether these co-
dependencies are likely to be concentrated in such tail-risk
or catastrophe states, as well as plausible estimates of the
probability of the occurrence of these catastrophic events,
and some distribution about the impact size, both in terms
of health system costs, population health effects and mac-
roeconomic outcomes, all of which remain quite difficult to
generate. A feasible way forward could be to use historical
data to quantify the welfare gains associated with protection
against rare but severe states, extending standard economic
evaluation to capture insurance value.

2.3 The Flexibility Value of DEE

Health economic evaluation, as noted before, doesn’t typi-
cally consider the variability of actual outcomes in deci-
sion making, which can only be resolved over time and not
through additional evidence. Unpredictable disease dynam-
ics and future states of the world are key factors influencing
the success of long-term policies like DEE programmes,
highlighting the need for considering the dynamic evolu-
tion of uncertainty in the evaluation of health programmes.
Combined with significant sunk costs, designing policies
that provide the flexibility to adapt and time actions based
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on realised outcomes could create substantial value for
policymakers.

Within finance theory, real options analysis (ROA) is
a well-established approach to model investments under
uncertainty [45, 46], where there is some flexibility over
the timing of a decision which, once taken, would be to some
degree irreversible. Real options analysis explicitly recog-
nises that retaining or creating flexibility over decision mak-
ing is a desirable characteristic with economic value. This
value can be derived from an option to defer (thereby avoid-
ing sunk costs if the intervention may become unnecessary)
or, conversely, from an option to invest in a manner that
can create future options for decision making as uncertainty
resolves. The latter can be particularly relevant in valuing
DEE programmes.

Establishing DEE programmes involves irrecoverable
costs, for example, in setting up early warning systems
(EWS) for disease surveillance. Conventional methods
are generally wary of funding such a programme, as they
would treat this as a high sunk cost while the true long-
term benefits of the programme remain uncertain. However,
through a real options lens expenditure on EWS is better
identified as a strategic “preliminary” investment that gener-
ates value by providing flexibility to respond to the evolv-
ing uncertainty based on the information gathered from the
programme rather than improving our current understanding
of uncertainty to commit to a full-scale, irreversible invest-
ment decision. The upfront cost of implementing an EWS
can be viewed as the option premium the government pays
for the right (but not the obligation) to make a future inter-
vention decision. By allowing decision makers to optimise
resource allocation in response to evolving epidemiological
and economic uncertainty, EWS preserves the programme’s
value even during volatile periods [45-48]. Furthermore,
early detection helps prevent localised outbreaks from evolv-
ing into system-wide crises that demand costly emergency
response.

By explicitly valuing the strategic flexibility created by
EWS (i.e., the option to stage investments, optimise their
timing, and allow switching between the options of inter-
vening and monitoring), ROA can capture the DEE pro-
gramme’s true worth. For example, integrated serological
surveillance, like the combined lymphatic filariasis and
malaria platforms emerging in Hispaniola [49], Togo [50],
Malawi [51], and Papua New Guinea [52], shows how elimi-
nation and monitoring investments act as mutually reinforc-
ing real options, delivering immediate benefits while main-
taining flexibility for future shocks. This dynamic approach
supports long-term healthcare planning, minimises eco-
nomic and social costs, and advances long-term DEE goals.
However, despite its potential, real option analysis has seen
limited application in healthcare decision making beyond
valuing new technologies and treatment strategies [53-56],
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informing antiviral drug stockpiling policy [57, 58], and
guiding pandemic policies [59-61]. This indicates that while
insightful, ROA should be applied with caution and probably
in conjunction with other decision-making frameworks in
the healthcare sector [61].

2.4 The Intergenerational Equity Value of DEE

The evaluation of policies over time is almost exclusively
done by transforming future values into a present value using
discounting. An important effect of discounting is that the
value of spending now on policies that benefit future genera-
tions is reduced compared to spending now on policies with
immediate benefits.

There has been considerable debate and ongoing discus-
sion around discounting costs and health benefits in cost-
effectiveness analysis [27, 62]. The health economics litera-
ture recommends two well-accepted approaches to inform
appropriate discount rates [63]. One is using market interest
rates as they represent competing investment returns and
hence opportunity costs of capital. The second uses the
Ramsey Equation, used widely in finance, which adds the
rate of pure time preference to the product of expected con-
sumption growth and the marginal utility of consumption
(this product is sometimes called the wealth effect). These
factors increase the discount rate because they indicate that
future impacts are less important to intertemporal welfare.
However, the Ramsey Equation can be extended to account
for consumption growth uncertainty. When this is done,
macroeconomic risk suggests a greater future need (because
of a precautionary savings motive), decreasing the discount
rate. Another possible extension to the Ramsey Equation is
to incorporate project-specific risk that can either increase or
decrease the discount rate, depending on whether the “beta”
is positive or negative. The Ramsey equation is often used
to estimate the social discount rate (SDR). In practice, most
health economics guidelines recommend the use of constant
discount rates of 3—-6% [63]. However, suppose the time
horizon of an economic evaluation is (very) long. In that
case, the compounding nature of constant discounting has
the effect of leaving a close to zero weight for future genera-
tions, which has been argued to be an undesirable and unfair
feature of constant discounting [64, 65]. This is especially
relevant in health economics when appraising policies that
span multiple generations, as in DEE, that tackle infectious
diseases. This has led to an interest in exploring intergen-
erational equity in the context of discounting in the area of
healthcare [66].

The financial economics literature has sometimes used a
declining social discount rate (DDR) instead of a constant
discount rate [67]. Many countries, including France, the
USA and the UK, have incorporated declining discount rates
within official guidelines for projects exceeding 30 years’

duration. From an intergenerational perspective, a discount
rate that decreases over time is one of the options that could
be applied to public health interventions with consequences
spanning several decades, for the purpose of equity. This is
especially salient for strengthening the case for investments
like DEE strategies that have long-term payoffs and risk
being deprioritised in short-term planning. Another justifi-
cation for it could be the possibility that over long time hori-
zons, the uncertainty of the estimated parameters (e.g., in a
Ramsey equation) becomes larger, which could be reflected
in lowering the rate [66].

Aligning discounting practice with broader social objec-
tives can support organisations as they refresh long-term
strategies for 2030 and beyond. This is especially relevant
in current global policy dialogues on equitable health invest-
ments and Universal Health Coverage (UHC) [68]. Appro-
priate discounting in public investments, such as DEE,
would be critical for populations in low- and middle-income
countries (LMICs), given that they remain disproportion-
ately vulnerable to the long-term implications of current pol-
icy decisions [69]. However, further investigation is needed
to examine the underpinning and practical operationalisation
of DDRs, alongside explicit consideration of equity issues
within health economics.

3 Discussion and Conclusion

This paper discusses four key considerations for the eco-
nomic appraisal of programmes that address system-level
risks, illustrated by their possible implications for DEE pro-
grammes. Drawing on concepts from finance, we explore
innovative ways in which these might inform decision mak-
ing beyond the conventional applications of health economic
methods (see Table 1). Figure 1 illustrates the implications
of these considerations using a stylised numerical example
(see Online Resource), providing conceptual groundwork
for a more comprehensive approach to health economic
evaluation. However, implementing this approach in prac-
tice will require careful reassessment of input assumptions
and further methodological development to ensure rigour
and consistency with established evaluation guidelines. This
includes delineating the specific contribution of each con-
cept and addressing the practical challenges that arise with
applying them empirically, such as estimating beta values for
health interventions, overcoming historical data scarcity to
calibrate tail risk parameters, and adapting financial models
for public health.

A programme’s value can vary depending on how its
benefits co-move with societal downturns. Investing in pro-
grammes like DEE may be more justified than currently
recognised, given their likely countercyclical benefits.
Accounting for the fact that such programmes are negative
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Table 1 Summary of key financial concepts and their relevance to DEE

Financial concept

Finance definition

Relevance to DEE

Idiosyncratic risk

Systematic risk (Beta)

Tail risk

Systemic risk

Real options (method)

Intergenerational
equity (complemen-
tary)

Diversifiable risks unique to a single project, firm or asset (e.g., operational fail-
ures, cost overruns) that are unrelated to the broader economy

Risk correlated with macroeconomic fluctuations (e.g., inflation, interest rates,
recession, unemployment, or wars) that affect all projects or firms simultane-
ously. These cannot be diversified away

The risk of rare, high-impact events that occur in the tails of probability distribu-
tions (e.g., COVID-19). In practice, many real-world distributions exhibit “fat
tails,” meaning such events occur more frequently than predicted by normal
models

Risk of cascading failures or collapse arising from interconnectedness within the
system (e.g., high dependencies across financial institutions during the 2008
crisis). These are endogenous (originating within the system) and cannot be
diversified away

The value of flexibility, specifically the right, but not the obligation, to make
investment decisions as uncertainty is resolved

The consideration of the long-term consequences of our choices today and their
impact on future generations

Project-specific risks, e.g., cold-chain failures or sudden rise in input costs, are dis-

tinct from system-level risks and are typically managed through price negotiations

or other mechanisms

Programmes like DEE can be viewed as negative beta projects, as they can provide
benefits specifically during standard economic downturns. This hedging function
or countercyclicality should be reflected in their value

The value of programmes like DEE increases exponentially (not just modestly)
when accounting for catastrophic ‘fat tail” events, as protecting against the threat
of disease re-emergence during such periods of severe societal crisis may yield

welfare gains far exceeding standard hedging. This “insurance” function should be

reflected in their value

The mechanism where structural weaknesses (e.g., supply chains, lack of surveil-
lance) transform a localised tail event into a global catastrophe. The more sys-
temic the downturn, the higher the value of programmes like DEE as insurance

ROA views costs of investments in programmes like DEE as an “option premium”
that provides strategic flexibility to respond to the evolving epidemiological and
economic uncertainty, preserving programme value during periods of instability.
It also prevents localised outbreaks from cascading

Adopting declining discount rates (DDR) can be vital for evaluating programmes

like DEE to account for the uncertainty of long-time horizons and the principle of

intergenerational equity

COVID Coronavirus disease, DDR declining discount rates DEE disease elimination and eradication
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Baseline Start Point |

Insurance (Catastrophic Risk)

143,401
(+195,490)

47,743
(+99,832)

Countercyclical Value (Beta)

I
|
1
|
I
Flexibility (Real Options) 1
I
|
I
1
I
I

Intergenerational Equity (DDR)

49,146
(+2,943)
]
1
-52,089
(+0)
1
0

Baseline

5,507
(+57,596)

100,000 200,000

Net Health Benefits (DALYs Averted)

Fig.1 Impact of system-level risk considerations on programme
value. The graph reports NHB, expressed as net DALYs averted.
Net health benefit is calculated as DALYs averted minus costs (US$)
divided by the cost-effectiveness threshold, thereby converting
costs into equivalent health units and allowing benefits and costs to
be compared on a common scale. The baseline scenario evaluates a
national leishmaniasis elimination programme over a 30-year hori-
zon using standard cost effectiveness analysis, with costs and benefits
discounted at a constant social discount rate of 3.5% and a thresh-
old of $200 per DALY averted. The value of a DALY is assumed to
remain constant over time. Additional scenarios extend the baseline
to account for (i) countercyclicality, by applying a risk-adjusted dis-
count rate to health benefits (f = —0.2, illustrative) while programme
costs are discounted at the risk-free rate; (ii) insurance, by valuing
additional welfare gains in low-probability, high-impact crisis states;
(iii) flexibility, by modelling early warning systems as a real option
enabling state-contingent intervention, that resolves idiosyncratic
epidemiological risk at Year 1, while systematic risk remains over

beta likely enhances the attractiveness of investing in them.
An extreme example of this countercyclicality is the poten-
tial for DEE programmes to reduce ill-health during soci-
etal shocks. Even if catastrophic social outcomes are rare,
the possibility of them coinciding with the re-emergence
of nearly eliminated diseases not only further strengthens
the economic argument for prioritising DEE but also makes
them a valuable insurance policy for public health. Such
arguments underpin much of the economic case for invest-
ing in climate change prevention measures, which are much
harder to justify based on non-catastrophic outcomes.
Another critical challenge in evaluating long-term poli-
cies like DEE is their high irrecoverable costs, irrevers-
ible consequences and uncertain payoffs, which could
potentially affect the realisation of their expected impacts
in real-world settings. This likely necessitates appraisal
methods that in some way preserve policy flexibility,
enabling decision makers to adapt effectively to evolving

. Negative NHB D Positive NHB

Note: Values represent Net DALYs Averted; (+) represents additional health gains relative to baseline.

the remaining time horizon; and (iv) intergenerational equity, by
applying a stepwise declining discount rate that falls by 0.5 percent-
age points every 10 years, placing greater weight on long-run health
benefits. These extensions are illustrative and intended to show how
estimated programme value changes when additional considerations
for system-level risks are made. In all cases, we observe an improve-
ment over the baseline. Please note these results reflect the standalone
value of a single intervention. In practise, however, net benefits
should account for joint production of value and shared exposure to
systemic risks across the broader health-system portfolio, particularly
where multiple interventions provide comparable or similar benefits.
In future, more sophisticated and rigorous empirical methods must be
developed to estimate these values for specific contexts. See Online
Resource for more details on each scenario, their assumptions and
calculations. The figure has been created using R. DALYs disability
adjusted life years, DDRs declining discount rates, NHB net health
benefits

uncertainty. The real options approach may offer valuable
insights into how and when to take such actions in pro-
grammes like DEE, optimising both timing and adaptabil-
ity. Finally, to accurately assess the value of programmes
with long time horizons and significant intergenerational
impacts, the choice of discount rate is crucial. Many gov-
ernment guidelines, including the UK’s Green Book, advo-
cate for low and declining rates over time. It may be worth
considering the underpinnings of this approach for policies
with long-term and irreversible impacts.

Our aim here is not to make the case for investments in
DEE but instead to reflect upon the uses of conventional
methods and identify areas for possible strengthening of
economic evaluation methods. Given limited resources and
the urgency of many healthcare needs, many countries pri-
oritise reactive responses over long-term proactive meas-
ures. This reflects a fundamental difference in how oppor-
tunity costs are considered in healthcare versus finance.
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While financial economics focus on quantifiable returns,
healthcare decisions involve a complex trade-off between
addressing immediate needs and investing in prevention
to mitigate the risk of future, potentially catastrophic dis-
asters. This trade-off, and how to effectively evaluate it,
warrants further investigation. Looking ahead, it may be
highly beneficial to develop a broader analytical frame-
work that guides investment decisions for DEE and other
social policies related to system-level risks more generally.
Since the benefits of such policies are a public good [70],
decision makers require more sophisticated tools than are
currently available, to make sound, long-term investment
decisions on society’s behalf. The methods discussed in
this paper, including real options, insights from asset pric-
ing theories, and approaches to valuing disaster risk reduc-
tion, can be viewed as specific applications of a wider
framework.
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