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Abstract

The impacts of the current COVID-19 pandemic illustrate the global-level sensitivity to such threats. As understanding of
major hazards is generally based on past experience and there is a lack of good historical precedents, approaches and mod-
els currently employed to assess risks and guide responses generally lack transparency and are often associated with huge,
unspecified uncertainties. Fundamental challenges arise from the strongly coupled nature of the impacts of a pandemic (i.e.
not only on health, but also on the entire socio-economic infrastructure) and their long-term evolution with recovery likely to
take many years or, potentially, decades. Here, we outline experience gained in risk assessment within the nuclear industry,
which has experience facing similar challenges (assessing long-term impacts in a strongly coupled technical system subject
to socio-economic constraints), and assess options for knowledge transfer that may help manage future pandemics and other

high-impact threats.

Introduction

Although risk management is a reasonably well-established
practice in many technical and commercial fields (e.g. Sodhi,
et al. 2012; Allen, et al. 2006; Oliver, et al. 2004; Rubio and
Bochet 1998), its application is inherently limited when it
comes to consideration of emerging and global-scale haz-
ards (Aven 2015; Eling and Schnell 2016; Flage and Aven
2015). This is clearly illustrated by the socio-economic
chaos caused by the current COVID-19 pandemic (e.g.,
Baldwin and Weder di Mauro 2020), which was not only a
well-recognised threat (Cheng et al. 2007; Fan et al. 2018),
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but one that had been presaged by a number of similar infec-
tious diseases in recent decades (McCloskey et al. 2014;
Fan et al. 2018). With the benefit of hindsight, it can be
seen that many threat reduction/containment measures were
poorly handled (Fan et al. 2018), but a more fundamental
problem is the lack of a global risk management approach
so that, even now, responses are implemented on an ad hoc,
local/regional/sector basis without any structured interna-
tional coordination, leadership or mobilisation of resources
(Aven 2015; Gossling et al. 2020; Yarovaya et al. 2020).
Furthermore, as Keogh-Brown et al. (2010), noted, “the cur-
rent pandemic has not removed the threat of a more virulent
avian flu pandemic in the near future. [...] the importance
of pandemic planning is plain”.

Better coordination is constrained by limitations in the
associated risk assessment methodology (Bedford et al.
2020; Oehmen et al. 2020; Wang et al. 2020), which is pri-
marily focused on direct health impacts and, even then, it is
not able to respond to the novel and changing technological
and socio-political boundary conditions. This is unsurpris-
ing: events like pandemics produce impacts with multiple
positive and negative feedback loops and are thus inherently
chaotic, so that the smallest uncertainty in starting condi-
tions or specific responses can result in huge differences
in resultant impacts. Mathematical models used are only
as good as the assumptions that form their basis and thus,
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in many if not most cases, are based on educated guesses
(Boccaletti et al. 2020; Ferguson et al. 2006; Wang et al.
2020). Here, the lack of sufficiently analogous precedents for
the present pandemic limits not only empirical or heuristic
approaches, but also alternative analytical or model-based
methods, due to the lack of any way of validating the result-
ant output (Fakhruddin et al. 2020). Thus, over-interpreta-
tion of quantitative analyses can worsen problems and add to
the confusion of both decision makers and the general public
(McDermott and Surminski 2018).

Given the magnitude of impacts of major pandemics—on
the scale of fractions of Gross World Product over timescales
of years to decades—there is a clear need to develop better
ways to manage the associated risks (Trump and Linkov
2020). However, given the issues noted above, there is little
hope that methodologies can be based on the tools normally
used for social/economic modelling.

Here, we suggest an alternative approach that focuses on
developing a holistic overview and summarises the basis for
decision-making in a user-friendly, visual manner, based on
the techniques and tools developed in the nuclear industry.
This may offer a better chance of success for assessment of
risks and their subsequent management, also providing an
aid to communication of decisions that may help to avoid the
mixed messages that are still rife, even 18 months after the
threat was recognised. Specifically, we discuss tools used for
safety assessment of geological waste disposal, where pre-
diction and quantification of scenarios (and the associated
large uncertainties to be managed) develop over millennia,
within complex natural and engineered environments that
are inherently impossible to characterise in detail (Mak-
ino 2009, 2011; McKinley et al. 1997). These alternative
approaches provide a different perspective to those used to
guide the very diverse national response strategies that have

been implemented, capturing the true complexity and cou-
pled processes characteristic of natural systems in a visual
manner that facilitates required multi-disciplinary commu-
nication and synthesis. In doing so, this allows improved
assessment of pandemic risks and counter-measures to
reduce their impacts and/or probability of recurrence.

Problem specification

The first issue to be addressed is threat recognition. Although
any assessment of global health hazards over the last century
or so will clearly identify pandemics as a serious threat (e.g.
Bloom and Cadarette 2019; Fan et al. 2018; McCloskey et al.
2014), this contrasts with the low priority given to preventa-
tive measures. As shown in Table 1, the mortality rate can be
very high and, potentially more significant, a large fraction
of the global population can be infected leading to major
secondary impacts as discussed further below.

Despite a number of international response plans being
developed after serious epidemics in recent decades (e.g.,
Ebola virus disease (EVD), SARS-CoV), these were not pri-
oritised prior to identification of the COVID-19 threat. Even
at a national level, planning was generally poor—with the
exception of some countries where response infrastructure
from such previous epidemics was still in place, reflecting
risk awareness based on past experience (e.g. South Korea,
Hong Kong and Japan). Problems could be attributed to
either socio-political short-termism or lack of understand-
ing of the wider impacts of a pandemic, but certainly reflect
the lack of holistic risk management strategies to support
key policy decisions.

The disconnection between real threats and those per-
ceived by key decision makers is highlighted by the

Table 1 Causes of human death: some examples (data from World Health Organisation (WHO), Centers for Disease Control and Prevention,

USA (CDC) and United Nations Office of Drugs and Crime)

Description Timeframe Deaths Comments
Malaria Recorded history Many millions throughout history In 2018 estimated 228 million cases worldwide
2000—839,000
2018—405,000
HINTI virus 1918-1919 Estimated 20-50 million worldwide Estimated that one third of world population infected
H3N2 virus 1968 Estimated 1—4 million worldwide
Car accidents ~ 21st Century 1.35 million per annum worldwide Between 20 and 50 million people injured
per annum worldwide
Alcohol abuse  21st Century Estimated 3 million per annum worldwide  Estimated 237 million men and 46 million women suffer
alcohol-use disorders worldwide
Drug abuse 21st Century 585,000 worldwide in 2017 35 million people suffer drug related disorders worldwide
Antimicrobial 2019 Estimated 700,000 per annum Estimated 10 million deaths each year by 2050
drug resist-
ance
COVID-19 2020-2021 3,758,560 deaths worldwide (10 June 2021) Total 174,061,995 confirmed cases worldwide (10 June 2021)
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assessments of the greatest risks to the global environment  trends are identified and these are related to key risks, bro-
performed by the World Economic Forum (WEF): Fig. 1~ ken down into the categories: economic, environmental,

provides an example from 2019. In this figure, major global ~ geopolitical, societal and technological.
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Source: World Economic Forum Global Risks Perception Survey 2018-2019.

Fig.1 WEF perceived risk identification (WEF 2019, The Global Risks Report 2019 14th Edition http://www3.weforum.org/docs/WEF_

Global_Risks_Report_2019.pdf)
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The information in Fig. 1 was derived from a survey
of WEF stakeholders (e.g., business leaders, senior politi-
cians...), who were asked to select the three trends that they
thought to be the most important in shaping global develop-
ment in the next 10 years. For each of the three trends identi-
fied, respondents were asked to select the risks that are most
strongly driven by those trends. The size of the features and
thickness of connections illustrate weighting derived from
the number of responses.

Interestingly, the spread of infectious diseases is consid-
ered as a societal risk and in this illustration is so small
as to be almost invisible. In contrast to Table 1, it may be
noted that familiar hazards such as road accidents, alcohol
and drug abuse, or those predicted from increasing antimi-
crobial drug resistance, do not appear at all in the Figure.
It should be emphasised that WEF is not unique in polling
“experts” to identify critical attributes of complex systems
and, indeed, this has been a standard approach adopted by
think tanks and policy institutes since the early twentieth
century. However, this simplistic approach seems much less
applicable for conditions in the twenty-first century.

Causes

Emerging novel infectious disease

Lack of effective treatment }

Insufficient control measures ‘ .

A 4 A

7
X A A -

Pandemics from a risk management
perspective

The primary aim is to introduce a more formal, structured
approach to risk management that can provide a better per-
spective on the causes and consequences of pandemics. To
make best use of advanced Knowledge Management (KM)
tools (as discussed further below), it is useful to begin
with a formal ontology (e.g., Gruber, 1995) that defines
the relationships between the factors directly causing a
threat, the top-level drivers of these and major primary or
secondary impacts. Review of a diverse range of literature
results in Fig. 2, which aims to capture key factors and
their relationships in a simple manner. To some extent,
the choice of key factors reflects the perspectives of the
team producing the ontology, but as this is extended to
further levels of detail, it can be checked that these are
comprehensive in terms of capturing the most important
issues (many of which would presently be within the box
“Increasing vulnerability to other hazards”—e.g., loss of

Drivers

Increasing climate change

7
7
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Increasing mortality (demographic change)
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Disruption of transportation

Increasing vulnerability to other hazards

Increasing international tensions

Collapse of industries

Fig.2 Example of ontology defining the key global event “Major Pandemic” which is specified in terms of its status as “Emerging”
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diversity, loss of educational infrastructure, increasing
mental illness... as presently seen for COVID). The com-
plete ontology can be subject to peer review to build con-
fidence in both its structure and completeness.

Although the focus here is on pandemics, this approach
is generally applicable to any global threat and, indeed,
needs to be so, as major threats are often coupled together.
Even though Fig. 2 provides only a top-level overview, it
highlights coupling of pandemic risks to other developing
threats (such as climate change and over-population) or
trends (e.g. increasing international travel and urbanisation),
thus emphasising the limited applicability of older historical
analogues that represent very different boundary conditions.
An additional benefit to establishing an ontology is that it
ensures all terminology used is clearly defined, thereby
facilitating the multi-disciplinary communication that is
inevitably required.

On the basis of this ontology, capture of key knowledge
can be facilitated by knowledge mining that takes advan-
tage of the fact that most relevant information is now readily
available in electronic form. As this knowledge encompasses
a very wide range of disciplines within the physical, bio-
logical and social sciences, advanced KM tools can produce
and structure the resultant knowledge base in a way that
allows integration and synthesis to derive key messages, set
in a context that includes ethical (including religious) and
political boundary conditions (e.g., http://www.knowledge-
management-tools.net/). Such tools also have the advantage
of enhancing/facilitating the multi-disciplinary collaboration
required for such a complex assessment of risks (Makino
etal. 2011).

Although prediction of the future is inherently impossi-
ble—a fact that should receive more emphasis—a well-struc-
tured knowledge base allows credible scenarios of potential
future evolution to be developed (NEA, 2001). Utilisation
of a formal scenario development process allows these to be
produced in a transparent manner—for example by describing
the global environment in terms of relevant FEPs: Features
(key system components), Events (distinct perturbations that
can be localised in time) and Processes (the evolving interac-
tions between features and events, which are often strongly

coupled with each other). Examples of these components
and their classification are summarised in Table 2, developed
as for Fig. 2 for the global event “Major Pandemic”.

Although scenarios can never be complete, the aim is
that they should provide a wide enough range to bound the
evolution that will be actually experienced. This range is
produced by modifying the actual FEPs considered as sig-
nificant for specific scenarios and the weighting assigned to
them, in terms of potential impacts. The level of treatment
of any resulting scenario depends on both its probability of
occurrence (classed qualitatively, e.g. as likely, less likely
and very unlikely) and consequences (e.g. minor, major or
catastrophic). Although the focus is on likely scenarios with
major impacts, any scenario with impacts tending towards
catastrophic should be considered even if its likelihood were
considered to be low (e.g. black swan event). A key problem
here is the potential for a perturbation to reach a tipping
point, where positive feedbacks can lead to runaway collapse
of key infrastructure that greatly magnifies consequences
(discussed further below in reference to Fig. 5).

This can be seen by considering the secondary impacts
of a pandemic, as illustrated in Fig. 2. For example, huge
impacts of COVID-19 on tourism have already been expe-
rienced-hitting an industry responsible for about 10% of
global GDP and employment (e.g., https://wttc.org/Resea
rch/Economic-Impact). This is particularly important in
many vulnerable developing countries, especially when cou-
pled with other factors such as decreased economic aid or
demand for exports. Thus, the large second wave of COVID
cases in the 2020 Northern Hemisphere winter is already
starting to cause local/regional economic collapse, poten-
tially then leading to migration of populations from most
afflicted areas, increasing tensions and causing a greater risk
of conflict.

Economic collapse, in turn, both increases risks of loss
of control of the existing pandemic and further new diseases
emerging and spreading, giving a positive feedback loop that
will impact even the more developed economies. Although
tipping points are often ignored in risk models with the jus-
tification that they are considered to be unlikely, in truth
the complexity involved generally prevents any justifiable

Table 2 Features, Events and Processes (FEPs) associated with global event “Major Pandemic’ specified as “increasing”

Features Events

Processes

Increasing population

Increasing urbanisation

Continuing global temperature increase
Increasing international travel

Lack of effective treatment/control measures
Public refusal to adhere to control measures

disease

infrastructure

Emerging novel infectious disease
Local to national/international spread of the

Collapse of health care systems
Collapse of local/regional/national economies and Increasing disruption to transportation

Increasing direct illness/mortality

Increasing indirect physical/mental health
impacts

Increasing economic disruption

Increasing unemployment
Increasing social unrest
Increasing international tensions
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estimate of probability. In cases where tipping points are
credible but can be prevented by cost-effective measures, the
precautionary principle could justify implementing these.

Although the goal is to analyse the consequences of rep-
resentative scenarios quantitatively, a qualitative description
of evolution with time may be sufficient to provide guid-
ance for risk managers. In particular, illustration of all key
FEPs and their interactions allows the constraints and uncer-
tainties associated with existing models of environmental
sub-components (e.g., regional infection propagation) to be
appreciated. An open question is what level of complexity
or detail is required for such scenarios; this can be some-
what subjective, but a general rule of thumb is that further
detail should not be added if it does not significantly change
the conclusions from resulting consequence analysis. As is
seen from the following sections, scenarios include many
coupled processes and adding superfluous detail risks losing
the holistic overview that is a main goal.

Practical application of the risk management
toolkit

In terms of application of established tools, it is useful to
consider two fundamental risk management goals—descrip-
tion of the current status together with its potential evolution
with time and assessment of the pros and cons of differ-
ent intervention strategies. The current status can be estab-
lished by consideration of a form of “event tree” that traces
the evolution of any pandemic, with a focus on geographic
spread and the consequences in terms of mortality (direct
and indirect) and economic impact-linked to the specific
counter-measures that can be considered (Fig. 3).

The starting point is localised emergence of a novel
disease with characteristics that could potentially lead to
a pandemic—being highly infectious and having serious
health impacts. If this can be identified quickly, local coun-
ter-measures can be implemented in a highly cost-effective
manner (boxes coloured red in Fig. 3). Countermeasures
would include: containment to prevent wider spread of the
disease, focused medical care to reduce mortality or other
serious health impacts, lockdown to reduce even local trans-
mission and socio-economic support to reduce the impacts
of such a lockdown. For example, in terms of indirect mor-
tality (due to reduced availability of medical care) and other
indirect consequences such as unemployment, mental stress,
malnutrition, etc.

In the event of failure of local containment, the same
counter-measures can be implemented on a regional scale,
although the cost-effectiveness is inherently reduced (boxes
coloured purple). The difficulties of containment increase
and the cost/benefit of counter-measures decrease as the geo-
graphical area expands so that, for many large countries,

@ Springer

the practicality and value of particular counter-measures
become very limited (blue colouring). Beyond the national
scale, the movements of materials and people essential to the
global economy are so complex that counter-measures at this
level are generally ineffective (grey boxes).

To develop a holistic overview, a comprehensive descrip-
tion of the initial system, which identifies all relevant top-
level FEPs and the interactions between them, is subject
to specified perturbations initiated by a particular trigger.
Although there are many ways to represent the global envi-
ronment (e.g. Fig. 1), it is important that the primary focus is
on identifying major constraints on evolution with time and
key links between them. To provide more of an overview,
the global system Processes associated with development
of a generic pandemic Event can be identified, building on
Fig. 2 and Table 2 (Fig. 4).

The arrows indicate the direction of impacts, full arrows
being predominantly positive and dashed arrows are either
mixed or predominantly negative. Double-headed arrows
indicate complex feedbacks. Black arrows represent cou-
pling that is effectively independent of emergence of a
pandemic; red arrows are those representing direct impacts
and blue ones important secondary impacts. Figures 2, 3
and 4 together thus illustrate the complexities of the system
that numerical models try to capture and support the gen-
eral statements on the problems involved in attempting this,
noted in the introduction.

Key contributors to the probability of occurrence, such as
increasing population, population mobility, urbanisation and
climate change are all evolving with time and hence, this fac-
tor is inherently highly uncertain and will probably increase
with time unless there are major system changes (e.g., fun-
damental advances in medical science). The approach taken
in Fig. 4 can be developed further to indicate the impact of
different pathogen characteristics such as associated disease,
infectivity and mortality rates (Fig. 5). In particular, as the
impacts in terms of rate of spread of the disease and its con-
sequences in terms of mortality and strain placed on health
services increase, there is the risk of hitting a tipping point,
where positive feedbacks can lead to a “snowball effect” of
collapse or failure of essential infrastructure and services,
due to strong coupling between them. This is already being
seen in a number of countries and regions as second (or
even third) infection peaks of the COVID-19 pandemic hit,
and secondary socio-economic impacts often cause greater
concern than the primary health effects. For a more infec-
tive or aggressive infection, this could develop faster, before
mitigating negative feedbacks (like vaccine development
or changes in public behaviour) offer a potential brake to
pandemic development. Of course, in the worst case, even
extreme pandemics will burn out but this is only when the
drivers for it are removed and negative feedback results from
massive global impacts.
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Fig.3 Event tree for a generic pandemic, tracing how it emerges and the impacts of counter-measures on different scales: see text for clarifica-

tion

Such a holistic overview can also be used to evalu-
ate responses. Despite the complexity of the overall sys-
tem, the impacts of different response strategies can be
assessed, albeit in a relative, qualitative manner by polling
expert opinion and capturing it using simple illustrative
approaches (e.g., “spiders’ web diagrams”), as shown in
Fig. 6. The examples here are illustrative only, based on
the assessment above and experience so far in the present
pandemic, but can be developed further for any specific
pandemic scenario. Here, the user-friendliness of the
approach facilitiates capture of input from a wider range
of stakeholders—in particular policymakers—encouraging
them to buy into the assessment in a way that is not possi-
ble with an approach based on complex numerical models.

The COVID-19 experience has shown that significant
and prolonged lockdowns yield major disruptions to both
national and world economies/transportation, leading
to indirect health impacts that, especially in developing
countries, may greatly exceed those directly due to the
pandemic itself. For any pandemic of the same scale as
COVID-19, even indirect mortality, whilst unlikely to
reverse world population growth (which is estimated to
increase from 7.7 billion in 2019 to 8.5 billion in 2030
(https://population.un.org/wpp)), could be much larger
than the direct death tolls arising from the minimum
intervention case. In addition, infrastructure disruptions
will increase vulnerability to global perturbations (current
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Fig.4 Overview of impacts of a pandemic on the coupled network of global threats and trends (WMD Weapons of mass destruction)

examples being impacts of locust swarms in India and
extreme weather events around the world).

Reducing the probability and/or impacts
of future pandemics

In general terms, future global-scale hazards can be charac-
terised as being either preventable or not, with assessment
based on existing technology and without consideration of
whether socio-political constraints could limit implemen-
tation of counter-measures. Based on current technology,
future pandemics at least on a scale equivalent to COVID-19
cannot be precluded and hence measures should focus on
reducing their probability and/or impacts (e.g., McCloskey
et al. 2014). Such an approach is well established in the
nuclear industry and involves implementation of concepts
such as:

e Fail-safe: acknowledging that some systems will inevi-
tably fail, but ensure that such failure will not degrade
safety (e.g. modern reactor designs that will cool natu-
rally even in the case of loss of all site power).

@ Springer

¢ Robustness/defence in depth: incorporation of safety bar-
riers that are very simple (e.g. passive, not requiring any
human interactions) and with multiple components that
provide a sequence of redundant barriers.
Resilience/graceful failure: even if systems fail, they do
so in a controlled manner, which facilitates recovery and
any required remedial action.

Taking these concepts over for pandemics requires a
detailed assessment of the triggers involved and the cou-
pling of all relevant features and processes, but the general
principles can be illustrated.

For example, critical facilities and infrastructure should
be designed (or retro-fitted) to be fail-safe to the extent pos-
sible, noting that scenarios may often include common-mode
failure, resulting in simultaneous loss of other key services
(e.g. electrical power distribution networks, transport net-
works to supply critical materials). As a specific example,
wider geographic distribution of vaccine production facili-
ties would reduce risks from disturbances of localised pro-
duction centres or of transport networks.

Robustness and defence in depth could be incorporated
into disaster response plans, which should also emphasise
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flexibility and incorporate measures to reduce volatility and
irrationality in political and economic/market responses.
While it is true that responses to even a major nuclear acci-
dent (e.g., Fukushima Daiichi) are much more spatially
restricted than a global pandemic, the principals involved
are certainly relevant at a regional and national level. For
example, planning of military training and infrastructure
could include their flexible use in case of events such as
pandemics, allowing personnel to support civil services in
key areas (medical, transportation, engineering) and provid-
ing purchasing focus on equipment that will support this
(e.g. field hospitals, helicopters, mobile power supplies).
Resilience can be incorporated by distribution of facilities/
infrastructure so that, in the case of single failures, load can
be spread over those remaining.

During development of risk management plans, a fur-
ther lesson from the nuclear industry is the need for extreme
caution when using numerical models. As noted above, the
simplifications involved can be so great that output has huge
associated uncertainties (if not completely wrong) and, even
if broadly correct within an order of magnitude or so, can
be misleading in the way results are presented. Rather than
use of numerical models alone, more emphasis should be
on scenario descriptions that capture FEPs in a qualita-
tive or semi-quantitative manner, with special emphasis on

completeness in terms of processes and coupling between
them. Inevitably, this will require solicitation of expert opin-
ion, but this needs to be done in a structured manner to avoid
the known problems of groupthink (e.g., using a Think Tank
group approach—Umeki et al. 2011).

Finally, it is clear that, in democracies at least, implemen-
tation of risk counter-measures requires acceptance by all
stakeholders. Despite the fact that the issues are complex,
it is essential that public concerns are polled and taken into
account to the extent possible. Here again, tools are avail-
able to determine stakeholder desires and incorporate these
into complex projects such as carbon capture and storage
(e.g., Mors (2013). A broader example of wider stakeholder
involvement in developing radioactive waste disposal solu-
tions can be seen in the Nuclear Energy Agency (NEA)
Stakeholder Forum which has met regularly since 2001
(https://www.oecd-nea.org/jcms/pl_26865/forum-on-stake
holder-confidence-fsc).

Conclusions and a look to the future
This paper is based on the observation that the pandemic

threats faced in the twenty-first century have no good
historical analogues and hence a novel methodology is
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Fig.6 Comparison of impacts of different response levels for countries with different infrastructure

required to assess and respond to them appropriately. As
has been recently demonstrated, this is now urgent as in
terms of consequences, these have the potential to match
or exceed major disasters of the twentieth century (e.g.,
the two world wars). Over the last few decades, the nuclear
industry has already been required to evaluate novel threats
over unique timescales and hence the approaches and tools
developed could form a good starting point as discussed
above. Applications of these approaches are illustrated for
a range of different tasks associated with identifying the
causes of pandemics, the factors influencing their impacts
and the pros and cons of different mitigation approaches.

Knowledge management tools for risk assessment
thus seem to provide a promising basis for planning pan-
demic risk reduction and managing responses. It should
be emphasised, however, that risk management tools do
not change the key role of decision makers, at best, they
only provide a better basis for making decisions. It has
also to be emphasised that the illustrations developed with
these tools also need to be used with care, to avoid over-
interpretation. These do not replace numerical models, but
can help put them in context as part of the process of mak-
ing the decision-making more transparent and facilitating
dialogue so that input from a wider range of stakeholders
can be obtained.

@ Springer

Due to limited resources, efforts here have been limited
to a top, conceptual level analysis, although more detailed
studies could be implemented quickly and cost-effectively as
proven tools and experience using them become available.
The need now is for further support—potentially as part of
a collaboration with national or international risk manage-
ment organisations. Especially as many of the concerns and
recommended countermeasures to reduce risks are common
to managing pandemics and other natural or anthropogenic
risks, extending the assessment to include a wider perspec-
tive would be useful and assure that efforts are as cost-effec-
tive as possible.
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