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A B S T R A C T   

Recently two distinctly different conceptualisations of insurance value of biodiversity/ ecosystems have been 
developed. The ecosystem framing addresses the full resilience value without singling out subjective risk pref-
erences. Conversely, the economic framing focuses exactly on this subjective value of risk aversion, implying that 
the insurance value is zero for risk neutral persons. Here we analyse the differences conceptually and empirically, 
and relate this to the broader socio-cultural dimensions of social-ecological resilience. The uncertainty of the 
Anthropocene blurs the distinction between subjective/objective. We show that the economic framing has been 
operationalised only in specific cases while the broader literature on resilience, disaster risk reduction, and 
nature-based solutions tend to address the full value of resilience. Yet, the empirical literature that relates to 
insurance value of biodiversity is hardly consistent with resilience theory because the slow underlying variables 
defining resilience are rarely addressed. We suggest how the empirical literature on insurance value can be better 
aligned with resilience theory. Since the ecosystem framing of insurance value captures the essence of the 
resilience, we propose using the concept “resilience value” as it may reduce the present ambiguity in terminology 
and conceptualisation of insurance value of biodiversity.   
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1. Introduction 

In the Anthropocene, the global economy has become a major force 
creating vulnerabilities by converting much of the biosphere to an 
increasingly homogenous, highly connected global production 
ecosystem (Nyström et al., 2019). Climate change, environmental 
degradation, and social inequities (IPBES, 2019) are rapidly turning 
environmental risks into global economic and financial risks (Keys et al., 
2019). For example, the insurance industry now identifies climate 
change as the top risk, with the failure of climate change mitigation and 
adaptation strategies ranking among the top three risks most likely to 
significantly influence the global industrial sector (Rudolph, 2019). The 
World Economic Forum and the Zurich insurance group rank climate 
action failure and biodiversity loss as two of the top risks (World Eco-
nomic Forum, 2021) and this is reinforced by scientists’ ranking (Future 
Earth, 2021). 

1.1. Insurance value of biodiversity: The ecosystem framing 

Since the mid-1950s some ecologists have suggested that ecosystems 
provide a form of risk reduction and insurance to society (Green et al., 
2016), variously called natural insurance value or insurance value of 
biodiversity (inclusive of genes, species, and ecosystems). Resilience 
theory acknowledges that keystone process species provide “natural 
insurance”, which prevents ecosystems from flipping into another 
regime (Folke et al., 1996). Similarly, the “insurance hypothesis” of 
biodiversity (Yachi and Loreau, 1999) focuses on stabilizing 
biodiversity. 

Different ecological-economic conceptualisations of the insurance 
value of biodiversity have emerged over the past decades. Building on 
Gren et al. (1994), who relate “insurance” to resilience and redundancy, 
The Economics of Ecosystems and Biodiversity (TEEB) linked insurance 
value to ecosystem resilience, defining it as “the value of ensuring [sic!] 
that there is no regime shift in the ecosystem with irreversible negative con-
sequences for human well-being” (Pascual et al., 2010: 4). Similarly, the 
shadow price of resilience has been defined as “the present discounted 
value of future improvements in welfare accrued from the reduced regime flip 
risk due to a unit increase in the concurrent resilience stock” (Mäler and Li, 
2010: 717). “Improvements in welfare” arguably includes both the 
objective (mean) and subjective (variance) components of risk 
reduction. 

For the purpose of this paper, we refer to these conceptualisations as 
the ecosystem framing of insurance value. Ensure and insure are meta-
phorically identical in this framing, related to reducing variance in 
outcome where “insurance value” refers to the value of resilience. 
Resilience in social-ecological systems (SES) is not about recovery or 
bouncing back, but about having capacities to persist and develop in the 
face of change (Folke, 2006). 

The insurance value is related, but not limited, to what economists 
call option value and quasi-option value. Option value is the value of 
maintaining an option for future use in excess of anticipated future use, 
while quasi-option value is the value of delaying a decision and thereby 
maintaining an option for future use in case new information is available 
(Leroux et al., 2009). However, in the Anthropocene, future ecosystem 
benefits cannot be anticipated or taken for granted and are therefore a 
moving target. TEEB distinguished between the “output value” (of the 
current state of ecosystems) and the insurance value. Insurance value is 
theoretically additional to the output value and captures increased sta-
bility, acknowledging uncertainty, in future benefits (uncertain use 
value) provided by more resilient ecosystems in the face of disturbance 
and change (Pascual et al., 2010). 

Regime shifts have been empirically identified for a number of SES 
(Rocha et al., 2018), and are situations in which resilience plays a 
central role. But insurance value may also be defined as the (full) value 
of resilience, without notions to distinct regime shifts, e.g., as the ca-
pacity for sustained provisioning of ecosystem services in the face of 

uncertainty, including enhancing options for adaptation (Pascual et al., 
2015; Hahn et al., 2017). 

1.2. Insurance value of biodiversity: The economic framing 

In contrast to the ecosystem framing described above, insurance 
value has also been conceptualized following insurance and financial 
economics, as “the value of one very specific function of resilience: to reduce 
an ecosystem user’s income risk from using ecosystem services under uncer-
tainty” (Baumgärtner and Strunz, 2014: 22). In this literature, the risk 
and time preferences of the individual ecosystem user are emphasised 
(Quaas et al., 2019). Here, we refer to this conceptualisation as the 
economic framing of insurance value, consistent with a foot-note in 
Baumgärtner and Strunz (2014: 22) that they are “concerned with the 
economic insurance value of resilience here, as opposed to the so-called 
‘ecological insurance hypothesis’ of biodiversity”. 

1.3. Aims and objectives 

The above suggest that there are quite divergent viewpoints as to 
what is the insurance value of biodiversity and how it can be concep-
tualized. While Baumgärtner and Strunz (2014) clearly refer to their 
own conceptualisation as an improvement, by addressing the short-
comings of the ecological/ecosystem framing, we regard both of these 
framings as legitimate, answering different research interests. When 
‘insurance value’ is operationalised as risk reduction or otherwise, it’s 
important to know if it addresses only the subjective part of resilience, 
related to risk aversion, or the objective part (expected mean value), or 
the full resilience value. This is rarely clarified in the academic and 
science-policy literature (e.g., Primmer and Paavola, 2021; Dallimer 
et al., 2020; Jørgensen et al., 2020; Reguero et al., 2020). This ambiguity 
is problematic because, as we shall see, in the few empirical papers 
where the distinction is made, the subjective part of resilience value (the 
insurance value according to the economic framing) has only been a 
fraction of the expected (“objective”) economic value of resilience. 
Indeed, economic analysis of environmental management under un-
certainty usually includes expected (“objective”) value and sometimes 
only the expected value (when information about risk preferences is not 
available). It should be clear by now that the economic insurance value 
of resilience, the economic framing, does not capture the full economic 
value of resilience. 

The aim of this paper is threefold; to clarify the two main theoretical 
framings of insurance value (Section 2); to situate these framings in the 
challenges of the Anthropocene (Section 3); and to analyse to what 
extent empirical operationalisations are consistent with resilience the-
ory (Section 4). The empirical part focuses on policy-making for risk 
reduction to climate change and biodiversity loss, which are two of the 
planetary boundaries that we have already exceeded by a wide margin 
in the Anthropocene (Rockström et al., 2009; IPBES, 2019). We specif-
ically argue for a broader recognition of the long-term social, economic 
and cultural importance of resilient SES across scales. 

2. Unraveling the theoretical framings of insurance value 

2.1. General and specified resilience 

The ecosystem framing of insurance value emphasizes the critical 
role of resilient SES to insure and sustain human wellbeing in times of 
disturbance and uncertain futures. This relates to notions of general 
resilience, which is the capacity of society to adapt or transform 
ecosystem management and governance “in response to unfamiliar, un-
expected and extreme shocks” (Carpenter et al., 2012: 3249). Following 
this, the general insurance value of biodiversity and ecosystems is defined 
here as the value of sustaining the general resilience of a SES (Fig. 1). This 
is often interpreted as a benefit for society at large, in that by investing in 
natural capital and nature-based solutions (NBS), the overall risk for 
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society (the social cost) from all kinds of systemic risks and catastrophic 
scenarios is reduced (Carpenter et al., 2012). This notion should also 
account for social equity and environmental justice, i.e., for the distri-
bution of benefits, costs and risks within society from investments in 
natural capital and NBS. 

In policy contexts, resilience is often related to well-characterized 
disturbances like drought, floods, storms and fires (Liao, 2012). These 
shocks and disturbances are random but earlier experiences provide 
knowledge for building specified resilience, usually within one sector 
(Carpenter et al., 2012). Specified insurance value is therefore the value 
of resilient SES to reduce risks when facing specific and expected types 
of shocks and disturbances (Hahn et al., 2021). Building general resil-
ience is a more complex challenge than reducing damage from known 
disturbances, which can be quantified and often focus on one risk at a 
time. 

Resilience scholars have emphasised that operational definitions and 
uses of resilience should be consistent with theoretical definitions 
(Carpenter et al., 2001). This means distinguishing between the external 
shocks causing the disaster (e.g., fires, storms, floods and other fast 
variables) and the underlying slow variables causing the erosion of a 
system’s resilience. Several empirical case studies have shown the 
interplay between sudden shocks, pushing a system across a threshold 
(tipping point), and the underlying dynamics, which determines if the 
system is resilient (i.e., retains the same functions), or if it will undergo a 
regime shift (Rocha et al., 2018). Here, we address the challenge of 
connecting the applied literature, often focusing on specified insurance 
value, to these underlying dynamics. 

Investing in general insurance value, to enhance general resilience of 
SES, is largely about maintaining options, e.g., Nature’s Contributions to 
People [NCP] #18 within the IPBES conceptual framework (IPBES, 
2019; Díaz et al., 2018 Suppl. Mat.), or nurturing social and ecological 
diversity for reorganization and renewal (Folke et al., 2003). Social di-
versity concerns actor groups, knowledge systems, policy & institutional 
arrangements, and governance levels (Malayang III et al., 2006). Other 
relevant factors for building general resilience include the health of 
ecosystems and biodiversity at all levels, connectivity/modularity, 
nestedness, feedbacks across scales, monitoring, learning & experi-
mentation, and reserves/legacy/memory (Carpenter et al., 2012). 

Although difficult to quantify, the ecosystem framing of general 

insurance value is not only metaphorical but has made clear policy- 
relevant contributions. For example, the significance of focusing on 
both specified and general resilience was illustrated in work with the 
Goulburn-Broken catchment of the Murray-Darling river-basin in 
southeast Australia. After repeated failure of targeted approaches, 
building general resilience of broader support systems of the region 
became critical, like infrastructure, human and social capital, in-
vestments in back-up systems such as trust funds and capital reserves, 
diversification for responding to shocks, as well as capacities to antici-
pate, experiment, monitor, and learn (Walker et al., 2009). Another 
example is German forestry laws. Changing spruce monoculture to 
mixed-species forests is a strategy to increase specified resilience to 
storm damage. However, mixed-species forests may have some co- 
benefits and by combining this with a promotion of Continuous Cover 
Forestry and maximising clear-cuts to 2 ha, the German forestry legis-
lation and Bavarian state legislation have addressed general resilience 
by explicitly aiming for more resilient forests, reducing damage risks 
from storms, drought, fire, and insect outbreaks (Borrass et al., 2017; 
Fichtenrichtlinie, 2009). 

Strategies for investing in specified insurance value is related to the 
factors listed above but typically focuses on targeted approaches and 
controlling or responding to shocks (fast variables). These are common 
in the disaster risk reduction (DRR) literature and include monitoring, 
early-warning systems, and diversification of supply chains, often 
including quantifications and monetary analysis (Walker et al., 2010; 
Dallimer et al., 2020). However, focusing on single expected risks may 
not enhance society’s adaptive capacity. Considering the interconnected 
risks and underlying systemic features of the Anthropocene, science and 
policy may shift focus from responding to single shocks and surprises to 
prepare for and build general resilience to shocks and surprises (Clark 
and Harley, 2020). This requires understanding the present connected, 
simplified and therefore vulnerable global production ecosystem and 
transforming the underlying dynamics (Nyström et al., 2019). 

2.2. Socio-cultural dimensions of insurance value 

So far, we have focused on the ecological and economic aspects of 
resilience. However, resilient agricultural and fishing SES may also 
provide equity by insuring/safeguarding livelihoods for a significant 

Fig. 1. Conceptual framework of the dimensions of insurance value of biodiversity.  
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share of the global population (Pattanayak and Sills, 2001; Coomes 
et al., 2010). Socio-cultural dimensions of insurance value emphasise 
how communities need to adapt and transform life-styles and develop-
ment paradigms (GDP focus) to increase ecosystem resilience (IPBES, 
2019), which in turn insures human wellbeing (Fig. 1). For example, 
resilient SES sustain livelihoods, quality of life, material culture and 
expressive culture, often at the same time, integrating instrumental, 
relational and intrinsic values (Pascual et al., 2017; Haider and van 
Oudenhoven, 2018). In this frame, the co-benefits of NBS can enhance 
both the general insurance value and the socio-cultural insurance value. 
These are largely public goods (Paavola and Primmer, 2019), i.e., ben-
efits which nobody can be excluded from and which are not being 
reduced when they are used. 

Just like environmental burdens are often unequally distributed 
(Schlosberg, 2014), NBS can also have unequal distributional effects 
(Suárez et al., 2021). Therefore, analysis of insurance value can benefit 
from a framework that explicitly acknowledges recognitional, proce-
dural, and distributive dimensions of equity (Leach et al., 2018). Similar 
to ecosystem resilience, governing the social and cultural values of in-
surance value represents an inherent cross-scale collective action 
dilemma (Duraiappah et al., 2014). The plurality and divergence of 
worldviews, values and interests, appreciation for the role of ecosys-
tems, and forms of governance increases with scale (Brondizio et al., 
2009). In such context, participatory approaches, international dialogue 
and cooperation can enhance coordination and governance of insurance 
value (Schultz et al., 2018). 

2.3. Ecosystem vs. economic insurance value 

Based on this broad framework of general resilience and socio- 
cultural values, we distinguish between two conceptualisations of the 
general insurance value of biodiversity: (i) the ecosystem framing where 
natural insurance value includes both the objective risk (expected value) 
and the subjective risk (variance), often operationalised as the value of 
NBS, and (ii) the economic framing where economic insurance value is 
relevant only to risk averse ecosystem users and operationalised as 
subjective risk preferences (Fig. 1). We refer to these two notions as the 
ecological-economic dimensions. 

In the economic framing the insurance value captures only one part 
of the economic value of resilient ecosystems, namely the contribution 
to reduce subjective risks. The other part is the increase in expected 
(objectively assessed) income provided by resilient ecosystems 
(Baumgärtner and Strunz, 2014). This separation makes insurance value 
relevant only for risk-averse ecosystem users. In this framing, insurance 
value is measured as changes in the risk premium, which is “the 
maximum amount of money an ecosystem user is willing to pay to avoid any 
adverse variations in income and to instead receive the expected income” 
(Unterberger and Olschewski, 2021:2). Mäler and Li (2010) also 
distinguish between two costs of eroded resilience: “one is the risk 
aversion loss due to the uncertain realization of the resilience stock and the 
other is the expected welfare loss due to a possible flip over the period” (p. 
717). However, the insurance value, which Mäler and Li (2010) refer to 
as the shadow price of resilience, includes both components, i.e., all 
future improvements in welfare, which makes their analysis consistent 
to the ecosystem framing. 

The ecosystem framing concerns disaster risk reduction in general, 
where risk reduction is about reducing mean (expected value) and 
variance of outcome, although variance is rarely framed as an income 
lottery to analyse risk aversion. Instead, both “objective” and subjective 
risk reduction are addressed in relation to the precautionary principle: 
“In daily practice, dimensions of insurance values are difficult to mea-
sure, justifying a precautionary approach to ecosystem and biodiversity 
conservation.” (TEEB, 2009: 8). 

When insurance value is operationalised as specified insurance 
values (boxes on the right in Fig. 1), the differences become even more 
obvious. The economic framing focuses on the income risk reduction for 

risk-averse people, and therefore the insurance value is zero “if the 
ecosystem user was risk neutral” (Baumgärtner and Strunz, 2014:27). This 
framing excludes the expected (objective) value of resilience as well as 
the external costs to society. In contrast, the ecosystem framing concerns 
expected and subjected risk reduction, including the external (social) 
costs and hence the full value of resilience in an uncertain future; this 
value is typically estimated as the benefits that NBS can provide for 
society. 

3. Situating insurance value in the Anthropocene 

We acknowledge the logic of the economic framing of insurance 
value and its consistency with the literature on insurance and financial 
economics. This makes sense in the research context of market insur-
ance. However, when considering the characteristics of the challenges 
that humanity faces in the Anthropocene and the need to understand the 
value of general resilience, we emphasise that the ecosystem framing 
with its socio-cultural dimensions is of great significance for three main 
reasons: (i) inclusivity, (ii) risk and uncertainty, (iii) limits to 
substitutability. 

First, the ecosystem framing is more inclusive, as it includes both the 
“objective” (scientifically assessed) expected value of resilient SES as 
well as the “subjective” value for risk averse individuals and govern-
ments. The Covid-19 pandemics in 2020–2021 reveals that govern-
ments, not only individuals, may take risk averse actions. In the 
Anthropocene it is arguably more relevant to discuss how resilient 
ecosystems ensure human adaptations, hence the full value of resilience, 
rather than focusing on the subjective risk aversion aspect of risk 
reduction. For example, droughts do not only affect individuals like 
farmers and the food industry but the wider society through food 
shortage, price increase, or even famine when crop failures become 
systemic. Baumgärtner and Strunz (2014) are clear that the insurance 
concept “refers to both the objective characteristics of risk… and peo-
ple’s subjective risk preferences”, but argue that “explicit reference to 
people’s risk preferences is needed to meaningfully discuss insurance, to 
specify the insurance value of resilience” (p. 28). This is meaningful for 
consistency with neoclassical economic theory and commercial insur-
ance provision but we argue that the “objective” component of risk 
reduction and insurance in relation to resilient ecosystems is at least of 
equal importance for decision-making in the Anthropocene. 

Second, if we acknowledge genuine uncertainty, or even ignorance, 
which characterizes the Anthropocene (Lidskog and Waterton, 2016), 
the distinction between subjective and objective risk becomes blurred. 
Insurance value of biodiversity concerns fundamental uncertainty in 
addition to risk, and such uncertainty is not commercially insurable 
(Perrings, 1995). In neoclassical economics, uncertainty is sometimes 
modelled as a calculated risk, with known outcomes distributed over 
known probabilities (Pascual et al., 2010). This is needed to assess 
specified resilience, optimise outcomes, and identify individual risk 
aversion (Hahn et al., 2021). However, in the context of the Anthro-
pocene, even the expected value, the “objective” risk, is scientifically 
uncertain, because the resilience of the broader system can no longer be 
taken for granted. Ontologically, genuine uncertainty blurs the separa-
tion of resilience into an “objective” and a subjective part. 

In the ecosystem framing, insurance value is provided by resilient 
SES. The difficulty to measure insurance value does not make it meta-
phorical but rather suitable for governance analysis (Primmer and 
Paavola, 2021), justifying a precautionary approach, safe minimum 
standards, protected areas, and other forms of legislation and recogni-
tion in institutions (TEEB, 2010). Hence, rather than monetary valua-
tions, the insurance value is expressed (recognised) in governance 
analysis, e.g., investments in NBS. This includes both an understanding 
and valuation of the expected (“objective”) risk as well as a subjective 
political-ethical judgement of the importance of ensuring resilience and 
wellbeing of future generations. 

Third, the economic framing opens up for the critique regarding the 
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limits of substitution between financial capital formation and natural 
capital loss (Neumayer, 2003; Green et al., 2016). Market/financial in-
surance is not a good substitute for natural insurance since the reliance 
of market insurance may justify unsustainable agriculture that degrades 
natural capital (Jørgensen et al., 2020). For an individual farmer or 
forester it makes sense to buy private financial insurance which, how-
ever, provides a moral hazard to choose a management associated with 
higher expected returns and higher risks (Müller et al., 2017). Thereby 
the cost of disturbance is simply re-distributed to society (Reguero et al., 
2020) rather than lowered by management adaptations, unless adap-
tation efforts are rewarded in financial insurance contracts (Jørgensen 
et al., 2020). While financial insurance and post-disaster financial 
compensations by governments provide moral hazards, investments in 
natural capital (often called NBS) reduce risks and provide co-benefits 
for society in terms of public goods (Paavola and Primmer, 2019). 

To conclude, both framings are based in anthropocentrism and 
consequential ethics and are therefore ‘economic’ in that sense. The 
economic framing is rooted in utilitarianism, which is a specific version 
of consequentialism, based on the idea that “the goodness of a state of 
affairs be a function only of the utility information regarding that state” 
(Sen, 1987:39). The ecosystem framing embraces uncertainty and takes 
a more inclusive approach to insurance and risk reduction. The two 
framings serve different research interests. 

4. Operationalizing insurance value 

4.1. Recent developments 

The concept of resilience has gained policy relevance since UN Sec-
retary General Ban Ki-Moon’s speech ‘Resilient People, Resilient Planet,’ 
which is clearly about building general resilience “at a time of height-
ened risk — whether as a result of climate change, resource scarcity, 
financial instability or spikes in the prices of food and other basic goods” 
(UN, 2012, p. 45). The policy target is sometimes general resilience 
rather than specific risks, and the full value of resilience rather than the 
subjective insurance premium (e.g. UN, 2016; EU, 2018; Fischer et al., 
2018). Since future shocks are difficult to anticipate and are likely to co- 
evolve in the Anthropocene, it is important to operationalise the concept 
of insurance value in policy and practice in ways that address the un-
derlying causes of eroded resilience and provide co-benefits in terms of 
resilience to other shocks (Barrett et al., 2011; Romero-Lankao et al., 
2016), including unexpected ones (ARUP, 2015). Based on reviews from 
the scientific and grey literature we make four observations. 

First, in the applied science-policy literature, issues related to spec-
ified resilience (specified insurance value) dominates with DRR as a 
common proxy. There are different approaches for reducing specific 
risks, where some studies focus on specific disaster mitigation and 
coping mechanisms to reduce costs of particular shocks (Stanganelli, 
2008), while other studies focus on building specified resilience by 
implementing various adaptation strategies (Cai et al., 2018). Early- 
warning systems are especially widespread in DRR and public health 
research because of its ability to save lives (Haines and Ebi, 2019). A 
review of the grey literature on actual projects at the interface of risk 
reduction, resilience and NBS found that a majority of cases were related 
to reducing flood risk (hydrological), followed by storm and drought 
related disasters (climatological) (Sioen et al., in review). The focus on 
specific climatological and hydrological risks is confirmed by reviews of 
the scientific literature (Fernandez-Milan and Creutzig, 2015; Dallimer 
et al., 2020). Specified shocks are targeted rather than building general 
resilience by acting upon the slow underlying causes, e.g., reducing 
vulnerability of simplified production ecosystem (Nyström et al., 2019). 

Second, empirical analysis is generally consistent with the ecosystem 
framing of insurance value in one sense, i.e., the focus on the expected 
damage cost rather than the subjective risk premium. In a review of 154 
articles, Dallimer et al., (2020) adopts the ecosystem framing of insur-
ance value and relate it to regulating and habitat/supporting ecosystem 

services, e.g.,”the ability of biodiverse forest ecosystems to buffer risks from 
floods, fire, disease spread and other hazards” (p. 2). In their review they 
cite the economic framing but found no attempts to operationalise it, i. 
e., to separate the subjective income risk from the “broader shadow price 
for resilience” (Dallimer et al., 2020: 7). Instead, the literature they 
reviewed generally focused on the value of NBS and the value of 
building resilience by reducing/mitigating risks and hazards. 

The economic framing of insurance value has been operationalised in 
specific case studies. For example, an analysis of forest protection from 
avalanches and rock-falls found a high willingness to pay for forest 
management that reduced these risks. In particular, through a choice 
experiment the subjective insurance value was calculated by calibrating 
the willingness to pay with the respondents’ risk preferences. The in-
surance value (the subjectively perceived reduction in risk premium 
when resilience increased by new forest management) was found to be 
much smaller than the “objective risk” (the expected value, even for very 
risk averse respondents (Unterberger and Olschewski, 2021). Similarly, 
in a study on changes in farm income from greater plant diversity it was 
found that 90% of the welfare gain concerned the expected (objective) 
increase in revenues, while only 10% was the subjective insurance 
value, by lowering risk for risk averse farmers (Schaub et al., 2020). 

Two more studies conform to this pattern: First, an empirical study of 
biological control also found that the subjective insurance value was 
only a fraction of the full resilience value (Peled et al., 2020). Second, in 
a study of the resilience value provided by a wild pollinator habitat to 
neighbouring farmers, the subjective insurance value was much smaller 
(about 10%) than the expected net present value of resilience, but 
negative due to the low ecosystem resilience in this case study (Mat-
sushita et al., 2018). None of these four empirical studies discuss the 
policy relevance of singling out the subjective income risk from the 
broader resilience value. The World Economic Forum (2021) and the 
Zurich insurance group are arguably more concerned about the uncer-
tainty of the expected damage cost than the revenues of the insurance 
industry, i.e., the insurance premium. 

Third, while the empirical scientific literature generally refers to 
more than one ecosystem service (Dallimer et al., 2020), the grey 
literature often addresses one risk at a time (e.g., Stanganelli, 2008; 
Fernandez Milan and Creutzig, 2015). In a review of the grey literature, 
co-benefits or “notions of values” provided by NBS were acknowledged 
in half of the cases. Particularly, biodiversity at large, sociocultural, 
aesthetic, or ethical values were described in addition to the resilience 
value of reducing hydrological and climatological risks, while issues of 
equity and environmental justice were almost absent (Sioen et al., in 
review). 

Fourth, although co-benefits of NBS are often discussed or even 
emphasised, they seem to be hard to include in cases where the NBS 
benefits are demonstrated in monetary terms, resulting in un-
derestimations of total benefits. For example, a UNDP project analysed 
the resilience value of mangrove, coral reef, and seagrass conservation 
and restoration for reducing risks from meteorological disasters in the 
Philippines (UNDP, 2020). Monetary valuation would require stock-
taking of all major ecosystem services provided by these targeted eco-
systems, but data limitations of stocks and flows resulted in only a 
fraction of the benefits being included in the analysis. 

4.2. Insurance value in the Anthropocene 

We have identified key divergences in how the general insurance/ 
resilience value of biodiversity has been defined and operationalised. 
The economic framing emphasizes one aspect of resilience, namely the 
subjective aspect of risk aversion rather than the objectively calculated 
expected risk. This framing has obvious merits when comparing natural 
insurance with market insurance (e.g., Jørgensen et al., 2020; Reguero 
et al., 2020) and when risk aversion is explicitly addressed, as in the four 
papers mentioned above. These four empirical papers are also consistent 
with the theoretical framework as laid out by Baumgärtner and Strunz 
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(2014). 
Our conceptual analysis following the critical reading of the litera-

ture suggest that the ecosystem framing, the full resilience value, is more 
policy-relevant in the context of the risks and uncertainties that hu-
manity faces in the Anthropocene. Subjective risk preferences are still 
relevant, both at individual and collective levels, as emphasised by 
recent discussions on tipping points (Lenton et al., 2019). Such risk 
preferences concern political-ethical values which go beyond the utili-
tarian economic framing of risk aversion. 

The empirical literature addresses socio-cultural values to some 
extent, particularly aesthetic and ethical values, whereas issues of equity 
and environmental justice have been less pronounced. The question 
‘resilience of what?’ includes normative deliberation on what system 
properties should be resilient. Besides being a scientific question of 
identifying underlying causality and co-benefits, the design of NBS rai-
ses normative issues of desirable futures including distributional impli-
cations: insurance value of what and for whom (Leach et al., 2018)? 
These issues are part of the insurance value framework (Fig. 1) but have 
only to a limited extent been synthesised with the ecosystem framing. 
Some of the more relevant distributional aspects include socio-cultural 
values co-produced in resilient SES (Dìaz et al., 2018; Brondizio et al., 
2016). 

4.3. Challenges for the ecosystem framing 

We will now turn our attention to the empirical operationalisation of 
the ecosystem framing of insurance value. This is relevant because even 
if the empirical cases generally apply an ecosystem framing, there are 
clear challenges ahead to advance empirical analysis more consistently 
with resilience theory. 

First, arguably, if insurance value, risk reduction and NBS are 
directly related to resilience in SES, then this empirical literature needs 
to pay attention not only to the shocks, but also to the slow underlying 
variables defining resilience. For example, a forest which presently 
provides valuable ecosystem services may, or may not, persist a distur-
bance such as a storm, fire or pest outbreak. If the (underlying) resilience 
of the forest is not assessed or even addressed, then it is impossible to say 
anything about the expected future value of this forest. For example, fire 
suppression may give a false sense of control which may delay or prevent 
more systematic changes in management and governance (Holling and 
Meffe, 1996). Hence, empirical analysis of DRR may better estimate risk 
reduction of NBS if more attention is given to analysing resilience, in 
particular at the systemic level in a manner that captures the changes in 
the capacities and underlying variables that generates and sustain 
resilience, as well as the interlinked and changing risk landscape that 
characterizes the Anthropocene (Keys et al., 2019). 

Indeed, there are signs of improvements in this direction. The Sendai 
Framework for Disaster Risk Reduction, which was adopted at the Third 
UN World Conference on DRR, emphasizes the need for preservation of 
ecosystem functions that help to reduce disasters (UNDRR, 2015). This is 
slowly being consolidated in the emerging literature on eco-DRR 
(Marchal et al., 2019). The frequent reporting on NBS co-benefits may 
also be interpreted as a sign of recognising the challenge of moving from 
specified to general insurance value. Strategies for safeguarding and 
enhancing specified resilience may be good proxies for safeguarding 
general resilience when they focus on NBS and their associated co- 
benefits. 

Second, clear distinctions between, or even notions of, option value, 
use value, output value and insurance value are rarely made in empirical 
analyses (e.g., Fernandez-Milan and Creutzig, 2015; Dallimer et al., 
2020; Sioen et al., in review). We conclude that a reasonable ambition 
for empirical studies of the specified insurance value of biodiversity is to 
analyse the expected risk reduction from management change (Hahn 
et al., 2021), or the increase in expected (objective) future values from 
an investment in NBS, which may include options for future adaptations, 
while acknowledging uncertainty and ecosystem resilience. 

Third, reviews of the empirical literature reveal different aims. One 
aim of analysing specified insurance value is to advance knowledge on 
“retaining X ha of forests on mountain slopes delivers $Y per year in avoided 
damage costs for Z thousand people” (Dallimer et al., 2020: 10). This 
would add precision but, perhaps, at the expense of analysing co- 
benefits, general resilience and the underlying ecosystem processes 
which determine the interlinked risk landscape of the Anthropocene. If 
certain conditions are satisfied, monetary analysis may still be helpful 
for decision-makers concerned about resilience. These conditions 
include: (i) a clear distinction between general and specified resilience; 
(ii) underlying drivers of resilience are acknowledged; (iii) co-benefits 
are addressed; and (iv) the monetary analysis is consistent with the or-
dinary sector planning, to facilitate policy integration (Hahn et al., 
2021). 

5. Conclusion: Towards resilience value? 

When considering these divergent conceptualisations and oper-
ationalisations, the question becomes: what do we do with the concept 
“insurance value”? There is always a risk for interdisciplinary confusion 
when concepts, that already have a precise meaning in one discipline, 
are used by researchers within another discipline. “Insurance” has since 
long been well defined in the academic field of economics and finance 
and it concerns risk, probability, uncertainty and information in an 
optimisation framework (Dionne and Harrington, 1992). It is no wonder 
that many economists think of subjective risk aversion when they hear 
“insurance value”. However, we believe that reducing uncertainty and 
complexity into an optimising framework based on subjective risk 
preferences is not consistent with the original insurance hypothesis of 
biodiversity, nor to resilience theory. Hence, we may conclude that the 
concept “insurance value” makes less sense to ecosystem and SES 
scholars. 

Our theoretical and empirical analysis suggests that two distinctly 
different “research programs” (Lakatos and Musgrave, 1970) on insur-
ance value have developed and that “insurance value” no longer serves 
as an effective boundary object for integrating different research di-
rections concerning resilience. The economic framing is a well-defined 
interdisciplinary research area consistent with neoclassical economics, 
using the insurance concept in a stringent manner. The ecosystem 
framing suffers from ambiguous use of the insurance concept which we 
believe can be solved by changing insurance value to “resilience value”, 
which better captures the original idea of the insurance hypothesis. 

This resilience value can be defined as the increased social benefit, 
following an increase in resilience due to an investment or management 
change, acknowledging uncertainties of the underlying ecosystem processes. 
“Increased social benefit” includes both the expected (mean) and sub-
jective (variance) components of risk, beyond utilitarian metrics. We 
believe that the broader adoption of this concept would (i) avoid the 
confusion with economic insurance value, (ii) emphasise the public 
good characteristics of resilience and NBS, (iii) raise attention to the 
multifunctionality of ecosystem services (co-benefits), and (iv) increase 
the consistency between resilience theory and the empirical literature on 
DRR and NBS. 

Since resilience is already a popular concept in the empirical litera-
ture on DRR and NBS, we believe “resilience value” will be helpful in 
both providing analytical clarity (i.e. what mechanisms and processes 
are to be analysed) and empirical evidence. Acknowledging the impos-
sibility to quantify resilience by a universal metrics or analytic approach 
(Yi and Jackson, 2021), methods for analysing resilience value must 
remain plural and context-dependent. 
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