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Introduction
The purpose of this paper is to introduce and inform actuaries about the concept of justice in relation
to decisions that are made that affect biodiversity and natural resources. To do this we highlight a
number of case studies where biodiversity and justice overlap for forest, fishing, water and farming
ecosystems. This is not exhaustive but is intended to serve as a discussion point to explore the issues
in greater detail. We note that these cases have led to both positive and negative impacts on different
social groups and/or biodiversity. Finally, we draw out key issues from the case studies that are
relevant for actuarial work and we recommend some next steps.
Human interaction with our natural world is leading to global loss of biodiversity (IPBES, 2019a) at a
scale comparable to mass extinction events. This loss is endangering the prosperity and well-being of
current and future generations, as measured by the United Nations Sustainability Development Goals
(the UN SDGs). To address the loss of biodiversity, we must recognise that nature is a limited asset
and that our economies and way of life are embedded within nature; they are not external to it
(HM Treasury, 2021). Nature must therefore be viewed as a participant in decisions regarding its use,
and the sustainable use of natural resources must be incorporated into how we measure economic
success alongside wider outcomes. Indeed, we could consider achieving the UN SDGs as a widely
accepted standard for minimal global justice.
Whilst the risk associated with biodiversity loss is difficult to quantify (HM Treasury, 2021) it will have
a significant impact on the finance sector, and therefore actuaries have a professional duty to
consider this risk as part of their work (Jones et al., 2020). As actuaries also have an ethical duty (see
for example, Principle 5 – Speaking Up of The Actuaries Code), including a need to consider what
may be morally right (Miller, 2017), the issue of justice within the context of biodiversity needs to be
considered.
Intergenerational fairness relating to climate change has been explored by actuaries (IFoA, 2017) and
similar considerations apply to biodiversity risk. For example, our choice of discount rates needs to
recognise biodiversity risk to help maintain intergenerational fairness. Any quantification of
biodiversity risk in the long term is subjective as it relies on our views of future pathways, as well as
an understanding of very complex systems and their interactions.
However, even when we explore fairness within a shorter timescale, quantification of justice issues
can still be subjective as it depends on, potentially, vastly differing views of those affected (Kenter et
al., 2016; Spangenberg & Settele, 2016). Care therefore needs to be taken when incorporating such
values into decision making processes, given the differing ethical, economic, cultural and social
considerations of those involved who may all see their position as justifiable. These considerations
include:
•

•

•

People ascribing a different monetary valuation to the same ecosystem. For example, the
value of a specific tree to someone who sits under it to read every weekend is likely to be
higher than to someone who has never visited that particular site.
People ascribing different types of value (for example, cultural or physical) to the same
ecosystem. For example, the significance and the ‘sacredness’ (HM Treasury, 2021) of a
particular landscape will be different to people who have lived on that land for generations as
compared to a company wishing to extract resources from it.
In cases where the ownership of land is contested then it may not even be clear who the
stakeholders are that should be part of any valuation process (Kenner, 2014).

Justice is defined in many different ways (Miller, 2017; Martin, McGuire, & Sullivan, 2013) and is often
dependent on local social expectations and existing power structures. Justice is also highly influenced
by an individual’s political ideology (for example, whether one values the equality of outcomes or
opportunity significantly influences one’s concept of justice, Steinmetz, 2019). However, bearing in
mind the actuarial approach to fairness that traditionally focuses on recognising the financial claims of
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different stakeholders we propose to take the approach outlined by Boelens, Vos, and Perreault
(2018), which requires the following concepts to be considered to achieve a just outcome.
•
•
•
•

“recognition” - inequality and discrimination must be recognised and considered;
“participation”- all those affected must be involved in the decision-making process (Paloniemi
et al., 2015);
“distribution” - resources must be allocated as fairly as possible; and
“socio-ecological” justice – nature must be considered as a participant. (Shoreman-Ouimet &
Kopnina, 2015).

This requires us to allow space for “the embeddedness of particular ideals of justice, and the way
these get constituted through social practices” which means we “must understand how diverse people
see and define justice within a specific context, history and time” (Boelens, Vos & Perreault, 2018).
We do not aim to assess the justice of an outcome by measuring an overall level of wellbeing which is
then maximised – rather we incorporate all aspects of justice and approach decision making with a
complexity that we, as actuaries, are comfortable with.
Actuaries are problem solvers and strategic thinkers who advise on the equitable allocation of
resources, albeit traditionally in a financial setting. Actuaries therefore already work with frameworks
that bring fairness into decision-making such as Treating Customers Fairly (“TCF”) and Principles and
Practises of Financial Management (“PPFM”). The actuarial profession is viewed as being impartial
and competent whilst acting with integrity. Therefore, in a similar way to existing actuarial practices,
actuaries can help develop frameworks to categorise risks and calculate values for the monetisation
of nature that can be agreed upon by stakeholders with different interests. Justice must be brought
into considerations regarding the use of natural resources and biodiversity loss to recognise these
different interests.
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Case Study – Rainforests
The largest area of forest in the world is the Amazon Rainforest which spans over nine countries in
South America, the greatest proportion of the Amazon being found in Brazil. It is a ‘hotspot’ of genetic
diversity which is key to medicinal bioprospecting and carbon sequestration, and plays a fundamental
function in temperature, humidity and rain pattern regulation (Muller, 2020). Over recent decades the
rainforest has been destroyed at a rapid speed so that the land can be used for economic activities
such as agriculture and mining. Scientists fear that the negative synergies between deforestation,
climate change and the use of fire for clearing forest is pushing us closer to a ‘tipping point’ which will
turn much of the Amazon into savannah (Lovejoy & Nobre, 2018).
Brazil is still considered a developing country and its economy is driven by primary industries needing
large areas of land. With the Amazon Rainforest making up over half of Brazil’s land cover, there is a
balance to be struck between economic growth and forest protection. The following case studies
provide examples of where the recognition and participatory concepts of justice could be applied.
The Imposto sobre Circulaçao de Mercadorias e Serviços (ICMS) in Brazil is a state level tax on
goods, transportation and communication services. The system requires that 25% of the revenue
raised by the ICMS be allocated by the state government to the counties, with the remaining 75%
allocated according to the value-added-tax generated by each county (Grieg-Gran, 2000). The Forest
Law, first introduced in 1965 requiring landowners to set aside a portion of their land as protected
native forest, in combination with the ICMS meant that some municipalities were losing out since land
restrictions were limiting their ability to generate value-added-tax and thus reduced their allocation of
ICMS funds. In 1991 the state of Paraná introduced the ICMS Ecologica, an additional criterion for the
allocation of funds from the ICMS which meant that 5% of the state’s ICMS revenue would be
distributed to areas with protected land or public water supply (Bassani, 2015). It was hoped that the
new criterion would compensate counties subject to land use restrictions which could incentivise
counties to set more land aside for protection or improve the management of existing protected areas
(Grieg-Gran, 2000). Evidence that the ICMS Ecologica has been effective in inducing the creation of
conservation units includes Paraná which in 2011 had 206 Private Reserves of Natural Heritage at
state level; this was an increase of nearly 25% over the prior 5 years. By comparison, conservation
areas on federal lands fell by 12% (Silva Junior et al., 2019). However, other states such as
Pernambuco have been less successful with a study by Silva Junior et al. (2010) concluding that
there were no changes in behaviours of municipalities following implementation of the policy. This
was deemed to be because the policy had lost focus and efficiency in the way it was structured and
implemented. This resulted in those municipalities maintaining protected areas to receive low
payments, causing them to lose interest in creating new protected areas (Silva Junior et al., 2019).
ICMS Ecologica has now been adopted in varying forms across 15 of the 26 Brazilian states to
provide a positive incentive by rewarding municipalities for measures to promote biodiversity
conservation and sustainable land use (Bassani, 2015). From a justice standpoint successful
implementation has occurred when the costs of holding protected land were well recognised so that
payments to the municipalities equated with the opportunity cost when such units were created
satisfactorily. If the amount received by municipalities is not considered sufficient compensation, the
policy has been shown to lose its effectiveness (Silva Junior et al., 2019).
Whilst policies like the ICMS Ecologica have had some success at a local level, it is international
action which is needed to divert money away from forest risk commodities; that is commodities which
directly or indirectly cause deforestation and forest degradation. Scrutiny on companies to act
responsibly when it comes to commodity sourcing is increasing but is only effective if accurate
information is available for consumers, investors and other stakeholders to be able to make informed
decisions. Unfortunately, many companies are failing to report on deforestation risk, failing to provide
transparent reports on their activities and failing to take meaningful action to curtail damaging
activities to forests. Participatory justice is pertinent here whereby those affected cannot participate in
environmentally conscious decision making when information is missing or withheld. The non-profit
organisation CDP (Carbon Disclosure Project) is just one establishment which aims to tackle this
3

information shortfall by running a global disclosure system for companies and other stakeholders to
manage their environmental impacts. In 2018 CDP found that 70% of the 1,500 companies asked to
disclose on four forest risk commodities (timber, palm oil, cattle and soy) did so (CDP, 2019).
However, of these companies nearly a third did not include forest-related issues in their risk
assessments, and of those that did 92% saw substantial impacts from these risks (CDP, 2019). They
also noted that while the number of reputational risks reported were high, it was the financial impact of
reported physical risks such as forest fires that was highest (CDP, 2019). Furthermore, only 25% of
downstream companies reported this physical risk versus 60% of those upstream who are in control
of the land, showing that retailers and manufacturers at the lower end of the supply chain may be less
aware of the potential risks (CDP, 2019). In summary, the CDP report highlights how the financial and
business risks associated with deforestation are going under-reported and ignored.
The ICMS Ecologica has been shown to be a successful tool in creating a monetary incentive to
protect land; however problems have stemmed from the different interpretations of the policy which
have failed to create the correct monetary incentives to address the local cost of protecting forest.
Whilst further work needs to be done locally it is crucial that global companies fulfil their intentions to
act responsibly, with transparency and full assessments of their biodiversity risks. These case studies
allude to the need for greater recognition of the inequality which can occur locally when areas are
protected, as well as the need to address the information shortfall when it comes to forest risks so that
stakeholders are able to make well informed decisions.
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Case Study – Fishing
Oceans and coastal areas are a critical source of benefits for sustainable development and poverty
alleviation through fisheries and tourism, and of environmental benefits such as carbon sequestration
and habitat protection. For centuries they were seen as an infinite source of these benefits. This is no
longer the case. Overfishing is leading to a rapid decline of once abundant fish species and
acceleration in the loss of ocean biodiversity. The economic and social implications of these changes
have been extremely uneven as illustrated by how a collapse in fish stocks can have a devastating
effect on the coastal towns and villages that were reliant on them. Unfortunately, there are many
examples and here, we concentrate on just two. Both illustrate that to achieve justice, we must:
•
•

Ensure that those affected can participate in decisions regarding the use of natural resources
on which their livelihoods are based; and
Recognise the limited natural resources available so that these can be appropriately factored
into the decision making process, which will enable a fairer distribution of these resources.

The first example describes how decisions made regarding the northern cod fisheries off the Atlantic
Coast of Newfoundland, Canada affected the livelihoods of the coastal communities. In 1992, the
Canadian government announced a sudden moratorium on fishing for northern cod in Newfoundland
waters following a dramatic collapse in stocks. This was originally intended to be a short-term
measure to allow stocks to recover but the closure largely remains in place to this day. The economic
and social effect on the local fishing communities was dramatic and devastating. Around 19,000 jobs
were lost in the local fishing industry and up to another 20,000 others were affected by the economic
downturn, which together resulted in the largest industrial closure in Canadian history (Dolan et al,
2005).
The fact that there have been so many studies into the reasons for the collapse and how we can learn
from it illustrates the challenge of balancing the management of complex ocean ecosystems with the
nutritional, employment and social needs of people. It has been suggested that the collapse was
inevitable due to continued increased competition for a common resource, in this case cod - an
example of the tragedy of the commons (Hardin,1968). However, this model appears to be too
simplistic (Mason, 2002). The Department of Fisheries and Oceans was involved in the active
regulation and management of the fisheries so this was not an open access fishery. Furthermore, the
structure of and methods then used by coastal inshore fishermen meant they did not have the
capacity to overfish the cod stocks (Sinclair, 1992) so management mistakes must have been made.
It is important to understand that this was not an example of decision making in the absence of data
as scientists were modelling the fish stocks. The problem was that after foreign vessels were
excluded from Canadian waters in 1977, virtual population analysis models used for projecting cod
stocks proved to be too optimistic (Shelton, 2005, Walters & Maguire, 1996). These models were
relied on to set initial catch quotas and to make capital investment decisions, which included the
expansion of the offshore fishing fleet and the building of fish processing plants. However, even as
data subsequently emerged showing lower than expected catches, particularly from local inshore
fishermen, political and local community pressure resulted in higher than recommended catch quotas
being set and the eventual collapse of the industry (Steele, Anderson & Greene, 1992). The result
was the loss of a way of life and a social crisis for coastal communities that had relied on the fisheries
for many years (Palmer & Sinclair, 1997). This did not just affect one generation for a few years as
was originally anticipated; it has already impacted the next, although there is now some indication that
cod stocks are finally starting to recover (DFO, 2020).
The length of time this has taken, even with a fishing moratorium, illustrates the difficulty in managing
delicate marine ecosystems as the collapse in one previously abundant species resulted in changes
in the ecosystem that had previously sustained it. In this case, the limitations of nature (in relation to
a species of fish and its supporting ecosystem) were not sufficiently considered as a participant in
decision-making. As a result, economic investments were made on the basis of insufficient
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information and the outcome was a loss of a natural resource and biodiversity that has already
affected another under-represented participant in the decision making process - a future generation.
The second example illustrates the impact of foreign fishing fleets on the coastal communities in West
Africa. To satisfy demand from European Union (“EU”) consumers and the EU’s measures to protect
fish stocks in its own waters in accordance with its Commons Fisheries Policy, the EU entered into
agreements with developing countries in West Africa to provide access for its fishing vessels. The
entry of EU industrial fishing fleets with more sophisticated technology and gear resulted in the
overfishing and the depletion of fragile stocks affecting both their target fish and non-target fish as a
result of excess by-catch (World Wildlife Fund, n.d.). EU fishing fleets also benefited from EU
subsidies, which meant that they have been able to keep fishing even when catches were
uneconomical. Small scale local fishermen have been drawn into this competitive, industrial and
largely uncontrolled market in which they struggle to compete (Brown, 2005; Pauly, 2006).
The EU may point to the price it has paid in the access agreements. However, the prices paid are
market prices negotiated between unequal signatories. On the one hand there is the EU looking to
keep employed its subsidised industrial fishing fleet and make up for the shortfall in fish supply from
EU waters and on the other, there is a developing country’s government faced with adverse economic
constraints and the need for investment and foreign exchange (Transnational Institute, 2017). As a
result, the prices paid by the EU cover a fraction of the value of the fish caught by EU vessels
(SeaFood Source, 2020) and do not reflect the potential social and economic value lost by now
marginalised local fishermen who had little or no input into the agreements. More recent agreements
include measures intended to sustain the region’s marine ecosystems and fishing stocks in
accordance with the updated EU Common Fisheries Policy. However, catch quotas have not been
sufficiently limited and the resources needed to regulate overfishing were not provided for.
The impact on West African coastal communities has been severe. They are reliant on fish for income
and as a crucial source of food, providing more than 50% of protein intake in some countries. The
result has been poverty, unemployment, declining health and social stress in the local communities
and forced migration of young people in the search for work (Jonsson, 2019 and Brown, Oli 2005).
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Case Study – Water
Justice issues associated with water have a long history. Access to clean and affordable water is a
basic human need and is the focus of Goal 6 within the UN SDGs. Alongside access to clean water
and sanitation, Goal 6 includes access to the governance of water as well as protecting and restoring
the ecosystems that rely on the water sources that we exploit.
There are many case studies that explore justice and water including the allocation of water rights to
indigenous people in Australia (Nikolakis & Quentin Grafton 2014), virtual water1 (Rulli & D'Odorico,
2013), dams (Hommes, Boelens, & Maat, 2016), or the transfer of water from rural areas into urban
areas (Colloff, et al., 2020). Often water has been subject to natural capital valuation techniques and
monetisation leading to governance processes being set up including (most commonly) Payment for
Ecosystem services. Some have been effective in reducing damage to biodiversity such as payments
to local communities to improve water catchment areas (Temel et al., 2018).
Here we focus on one example of biodiversity and water justice – that of mining. Mining companies
around the world use water to transport minerals in slurries, enhance mineral extraction, separate
minerals in chemical processes, control dust, and cooling. This water is extracted from local
catchment areas and when water is returned it can be polluted or diverted into different areas
(Boelens, Vos, & Perreault, 2018). Mining is a globally important industry, in particular to Canada
where, in 2015, Canadian mining assets abroad reached $170.8 billion, with $20 billion in subsidized
financing and insurance from Export Development Canada (Annand, 2019).
In Central and South America, the problems associated with the extractive industries and water rights
are particularly large. Bebbington, Humphreys and Bury (2010) found that in the Amazon region
approximately half of the total area in Ecuador and three quarters in Peru are allocated to
hydrocarbon companies. In Guatemala, where natural resource decisions are made entirely by the
central government and collective property rights are not recognised by law (Aldana & Abate, 2015),
local problems, within indigenous and local resident populations, associated with mining have led to
conflict. For example, the Escobal mine contains gold, zinc and lead as well as the world’s second
largest silver deposit (Basov, 2017), and since 2010 was owned by the Canadian firm Tahoe
Resources. In 2011 local community groups protested at Escobal and the Canadian embassy to
oppose the mine, and local referenda in 2012 rejected the development of a new mine with a vast
majority voting against it. In 2013 security guards for the mine were killed or injured and local
indigenous political leaders were kidnapped or killed (Diaz, 2013; Solano, 2015; Amnesty
International, 2013; Tobias, 2015). In 2017 operations at the mine were halted following a ruling by
the Guatemala Supreme Court.
The Cerro San Pedro mine, in Mexico, (owned by New Gold, a Canadian firm) has received the
Socially Responsible Company of the year award for 11 years up to and including 2019 by the
Mexican Philanthropy Centre (New Gold, 2019a). However, regional impacts are not accounted for
within New Gold’s Corporate Social Responsibility report (New Gold, 2019a). These local impacts
take place in an area that has unique environmental and historical importance for Mexicans. In 2009 a
Mexican court ordered the mine to be closed down on environmental grounds following a campaign
by a local group over the previous 10 years (MAC, 2009). The local group also prepared criminal
charges and civil suits against the company, and proposed a "Mega-remediation project" to remove
cyanide with an estimated cost of $300 million (MAC, 2009). Following this ruling, shares in New Gold
fell 15%. However, the open cast mine did not shut down and continued operating until 2018 when it
entered into the reclamation phase (New Gold, 2019b). In addition to the environmental damage and
the leaching of cyanide (Boelens, Vos, & Perreault, 2018), there were “rumours of sickness that locals
were hesitant to speak of” (Annand, 2019). Following the mine closure New Gold is now supporting
local businesses to create new economic opportunities through tourism (Annand, 2019) as part of the
shutdown process.
1

Virtual water refers to water that is used to make products which are subsequently exported. For example, a region facing water scarcity
could use a substantial amount of water within farming and then ‘virtually’ export that water when the food product is exported.
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New Gold (2019b) lists a number of risks to its finances including government regulation and
permitting risks; environmental damage risk and associated legal liabilities; hazards such as
equipment failure of retaining dams around tailings disposal areas; and title claims and rights of
indigenous peoples. These risks need to be particularly considered alongside changing environmental
and human rights legislation. As biodiversity loss increases around the world it is likely that stricter
enforcement and regulations will be introduced to reduce these losses. Indeed, even if local
jurisdictions struggle to act then national legislation in the countries where companies are based may
act. This was seen in 2017 around human rights where a court ruling means Canadian mining
companies can now face charges (Annand, 2019) in Canada for offences overseas.
Therefore, where mining activities impact on water we see that often local stakeholders are not
involved in decision making, or are excluded through a lack of property rights, leading to a lack of
participatory justice. Without participation these stakeholders are not fully considered in the granting
of mining rights such that recognition, and then distributive, justice is also ignored. Even where the
impacts are in locations with unique environmental importance, and local courts have taken into
account socio-ecological justice, it appears mines have still operated.
Mining activities in Latin America include defective installation of dams resulting in contamination to
water resources (such as aluminium, iron, arsenic and cyanide), acid infiltration, underground water
contamination, and felling of forests and trees which cause erosion and sedimentation in water
sources. Impacts include degradation of local ecosystems, lower crop harvests and livestock farming,
as well as adverse health impacts on local populations including elevated levels of mercury, arsenic
and zinc from contaminated water (Working Group on Mining and Human Rights in Latin America,
2014).
As New Gold (2019b) highlight “The Company cannot give any assurance that, notwithstanding its
precautions, breaches of environmental laws (whether inadvertent or not) or environmental pollution
will not materially and adversely affect its financial condition and results from operations”.
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Case Study – Farming
Over a third of the world’s land is currently used for crop or livestock production and since 1970, the
conversion of natural habitats to agricultural use to meet the world’s growing demands has been the
biggest driver of global biodiversity loss (IPBES, 2019b). The impacts on biodiversity loss have been
exacerbated by the intensification of agriculture, in other words, increasing output by using more
inputs such as pesticides (Chatham House, 2021) and therefore negatively impacting UN SDG Goal
15 (life on land). Lower biodiversity reduces the many agricultural services it provides such as,
pollination of crops, soil regulation, natural hazard regulation, pest and disease regulation (FAO,
2019). In what is a compounding cycle, lower biodiversity therefore reduces crop and animal
resilience to shocks and stress, therefore putting food security and nutrition at risk, and negatively
impacting UN SDG Goal 2 (zero hunger).
In many parts of the world, agriculture has been a necessity in order to provide food and income to
rural communities, and therefore fair outcomes are an essential consideration for any solutions to
reduce the contributions of agriculture to biodiversity loss. We illustrate some of the justice issues that
arise from one approach of monetising nature with the use of payments for ecosystem services.
The Grain to Green Program (GTGP) in China was one of the largest examples of payments for
ecosystem services in the world (Liu et al. 2008). GTGP was launched in 2002 and worked by
incentivising the conversion of cropland on steep highland slopes into forests and grassland by
providing farmers with grain and cash subsidies. The program was driven by severe floods in the late
1990’s with an estimated cost of ¥248bn (Liu C & Wu, 2010), high levels of existing grain production
and China’s growing economy ensuring sufficient funds were available for the programme. The
programme aim was to reduce environmental degradation and soil erosion by improving vegetative
cover on sloping land.
The government specified payments of subsidies for the amount of converted land, depending on the
location of the land within the Yangtze or Yellow River Basins. The duration of the subsidies was
outcome linked, with better managed land resulting in ultimately higher subsidies.
The GTGP resulted in many environmental successes such as reduced surface water run-off, soil
erosion and desertification. By the end of 2013 the program had cost ¥300bn and converted 27.8m
hectares of land (Hua, 2016). By 2008 alone the program impacted over 2.5m rural households (Liu C
& Wu, 2010). However, despite the successes, these successes were not felt equally in communities.
•

•

•

Lower income households received lower subsidies despite occupying the highest proportion
of sloping farmland (Liu C & Wu, 2010). This unintended result was due to the duration of
subsidies being outcome linked, with higher income households being more able to manage
converted cropland.
The subsidies were only partially financed by the central government, putting a strain on local
government finances and resources, yet many other stakeholders benefitted from the GTGP
and could have contributed to the subsidies (e.g. insurance companies with flood or drought
risk exposure or organisations downstream the Yellow and Yangtze rivers).
The payments enabled many farmers and farm workers to move to cities and obtain jobs in
other industries. In this specific case study some farmers and farm workers may have had
more sustainable personal outcomes if they were given training and access to job information
which could provide better opportunities instead of just financial payments.

Overall, the GTGP was an environmental and economic success. However the case study highlights
participatory and distributive justice issues as lower income farmers did not participate in the design of
the programme and the distribution of benefits from GTGP could have been structured to be more
equitable. This case study highlights the need to have justice as an integral part of any solution to
improving biodiversity outcomes.
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Implications for Actuaries
Our understanding and assessment of justice relating to the use of nature and the impact on
biodiversity focuses on the four concepts of recognition, participation, distribution and socio-ecological
issues. The case studies above highlight how justice relating to use of natural resources and
measured through achieving the UN SDGs, which represent a minimal global justice, can be
considered in this context. For example, the failure to sufficiently recognize stakeholder groups and
allow them to participate in decision making (indigenous groups affected by mines and forestry use,
coastal fishermen facing depleted fish stocks) resulted in unfair distribution of the value of the
resource used. However, recognizing the value of nature and the sustained use of it helped to
develop the payment for ecosystem services in the farming case study.
The implications for actuaries are substantial and wide ranging. Continued biodiversity loss will affect
our economies and livelihoods. As recommended in the Dasgupta Review (HM Treasury, 2021) a
rethink is needed to ensure that we consider our economies and lives as embedded within nature. To
do this we need to reconsider how we measure economic success and in particular the difference
between a business model that draws on nature in a sustainable way and one that is reliant on short
term profit at the expense of future generations.
Biodiversity risk is now being factored into international treaties and national regulation and therefore
financial exposure for environmental damage and hazards, especially where they impact on justice
issues with active local groups who are likely to gather evidence and take action, is expected to
significantly increase. Agreements for access to natural resources require a balance to be struck that
is seen as being fair to local communities by sustaining the biodiversity of the natural resources at a
managed and monitored level but also allowing a country to benefit financially from them.
The case studies highlight a number important issues that may impact actuarial work:
•

•

•

•

•

•

Liability risks: Local groups have prepared criminal charges and civil suits against
international companies and recent moves in Canada and the UK (Shell/Nigeria) now allow
international companies to be sued in Canadian or UK courts for activities carried out abroad
– this could substantially increase litigation risk.
Catastrophe risks: Agricultural practices can have a direct impact on natural catastrophes
such as floods as shown in the China farming case study. For example insurance companies
with flood risk exposure will need to factor in agricultural practices and the biodiversity
impacts into its decision-making frameworks.
Health risks: The intensification of agriculture has led to the increased use of chemicals such
as pesticides. The impact of pesticides on human health may be realised over longer time
frames and therefore needs to be considered when assessing mortality and morbidity risk.
There are further justice implications as different outcomes may also impact the mortality and
morbidity risk of different groups of people.
Systemic risks: Without effective rollout of policies, which are designed to make
environmental conservation profitable, like the ICMS Ecologica, continued deforestation and
forest degradation to make way for economic activity can be expected to continue. This may
destroy important biomes which could have been used in medicine for reducing mortality
rates for certain illnesses and contribute to the increasing risk of severe weather events as
more carbon is released into the atmosphere.
Supply chain risks: Companies associated with forest risk commodities may face increasing
reputational risk from heightened public interest, and financial risks from claims arising from
biodiversity loss even if the companies are downstream in the supply chain. Legal
requirements to disclose forest risks and provide financial reserves may come in time,
however some companies may see benefit in acting sooner.
Investment risks: Even where a natural resource is actively managed, the northern cod case
study illustrates the difficulty in understanding how complex ecosystems are affected by our
actions. Improved disclosure of biodiversity related risks will only tell us so much and we will
10

•

need to question investment and business models that are reliant on continued abundance of
a natural resource.
Valuation risks: Where all other aspects of risks are well managed it may still be possible to
under (or over) estimate risk exposures by incorrectly assuming valuation metrics have been
used appropriately. Deliberative valuation methodologies could help mitigate this risk by
taking into account different monetary valuation perspectives especially cultural, spiritual or
social values of certain ecosystems.

Opportunities for Actuaries
•

•

As well as the required data analysis, actuaries could use their experience to factor in the
views of the different stakeholders on the value of natural resources being used. One of
these stakeholders is future generations who have an important stake that cannot be ignored.
How this stake is valued may be complicated by philosophical considerations but is one that
we should be able to consider.
Actuarial input into ecosystem governance models and effective communication of the results
could be useful, particularly to illustrate the sensitivity of projections to changes in inputs and
assumptions.

Next steps
We recommend that a deeper and more involved study is urgently needed to investigate how we can
incorporate nature into our economic and business models. This may involve a different way of
thinking about economic gains and investment success. The challenge is to consider and understand
the value of nature so that its resources can be justly distributed between current and future
generations, as well as to nature itself, and the need to reconcile different notions of justice with the
current understanding of the actuarial approach to fairness. This will involve issues that do not
normally fall within our area of work such as philosophical considerations relating to the values placed
on resources by different people and how we can assess values to future generations. However,
given our mathematical and problem solving background, we are well-placed to embrace this
challenge.
Acknowledgements
This paper has been prepared by the Biodiversity & Justice work stream which forms part of the
Biodiversity and Natural Capital Working party, a volunteer group working under the Sustainability
Board. The group held its first (virtual) meeting on 18 December 2020. The members are: Bhavin
Bharadwa (Chair), Aled Jones, Jessica Fifield, Simon Sutcliffe. The authors would like to thank the
anonymous reviewers who helped improve this paper.

11

References
Boelens, R., Vos, J., & Perreault, T. (2018). Introduction: The Multiple Challenges and Layers of
Water Justice Struggles. In R. Boelens, T. Perreault, & J. Vos (Eds.), Water Justice (pp. 1-32).
Cambridge: Cambridge University Press. doi:10.1017/9781316831847.001
HM Treasury (2021), The Economics of Biodiversity: The Dasgupta Review, HM Treasury, London,
UK
IFoA, (2017), Intergenerational Fairness Bulletin, Issue 1 - Climate Change, Institute & Faculty of
Actuaries, February 2017, Available online:
https://www.actuaries.org.uk/system/files/field/document/IF%20Bulletin%20Issue%2001%20V05%20
WEB.pdf [Accessed 11 March 2021]
IPBES, (2019a), Global assessment report on biodiversity and ecosystem services of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. E. S. Brondizio,
J. Settele, S. Díaz, and H. T. Ngo (editors). IPBES secretariat, Bonn, Germany.
Jones, A., Allison, R., Bedenham, G., Bharadwa, B., Clyde, J., Darsley, A., & Spencer, N., (2020),
‘The importance of biodiversity risks: initial position paper’, Institute & Faculty of Actuaries
Kenner, D., (2014), Who should value nature? Sustainable Business Initiative – outside insights,
Institute of Chartered Accountants in England and Wales (ICAEW), London, UK
Kenter, J.O., Bryce, R., Christie, M., Cooper, N., Hockley, N., Irvine, K.N., Fazey, I., O’Brien, L.,
Orchard-Webb, J., Ravenscroft, N. and Raymond, C.M., (2016). Shared values and deliberative
valuation: Future directions. Ecosystem services, 21, 358-371
Martin, A., McGuire, S., Sullivan, S., (2013), Global environmental justice and biodiversity
conservation, The Geographical Journal, 179 (2), 122–131
Miller, D. 2017. Justice. In: Zalta, E. N. (ed.) The Stanford Encyclopedia of Philosophy. Fall 2017 ed.
Available online: https://plato.stanford.edu/archives/fall2017/entries/justice/ [Accessed 6 April 2021]
Paloniemi, R., Apostolopoulou, E., Cent, J., Bormpoudakis, D., Scott, A., Grodzińska-Jurczak, M.,
Tzanopoulos, J., Koivulehto, M., Pietrzyk-Kaszyńska, A., Pantis J.D., (2015), Public Participation and
Environmental Justice in Biodiversity Governance in Finland, Greece, Poland and the UK,
Environmental Policy and Governance Env. Pol. Gov. 25, 330–342
Shoreman-Ouimet, E., Kopnina, H., (2015), Reconciling ecological and social justice to promote
biodiversity conservation, Biological Conservation, 184, 320–326
Spangenberg, J.H., Settele, J., (2016). Value pluralism and economic valuation–defendable if well
done. Ecosystem Services, 18, 100-109.
Steinmetz, J., (2019) Politics, Power, and Purpose: An Orientation to Political Science. Fort Hays
State University, Available online: https://fhsu.pressbooks.pub/orientationpolisci/ [Accessed 6 April
2021]
Rainforests:
CDP (2019) The Money Trees. The role of corporate action in the fight against deforestation. Carbon
Disclosure Project, UK. Available online: https://www.cdp.net/en/research/global-reports/the-moneytrees [Accessed 11 February 2021]
Grieg-Gran M. (2000). Fiscal Incentives for Biodiversity Conservation: The ICMS Ecológico in Brazil.
Discussion Paper DP 00-01 December 2000
Lovejoy, T.E., Nobre, C. (2018). Amazon Tipping Point. Science Advances, 4 (2), eaat2340

12

Silva Junior, L.H., Mesquita B., Pedrosa J., Bettizaide Oliveira de Siqueira L., Oliveira Ferreira M.
(2019) The Ecological ICMS as Inducer in the Creation of Protected Areas in Brazil. An Assessment
of Policy in the States of Pernambuco, Paraná and Bahia
Silva Junior, L. H.; Rocha, R. M.; Pedrosa, B. M. J.; Siqueira, L. B. O.; Sampaio, Y. (2010), ICMS
socioambiental: uma avaliação da política no Estado de Pernambuco. Revista Desenbahia, 7 (13), 732
Linck Bassani M. (2015). The Brazilian ‘Ecological-ICMS: A PES Scheme based on distribution of tax
revenue
Muller C. (2020) Brazil and the Amazon Rainforest. Deforestation, Biodiversity and Cooperation with
the EU and International Forums. Policy Department for Economic, Scientific and Quality of Life
Policies. Available online:
https://www.europarl.europa.eu/RegData/etudes/IDAN/2020/648792/IPOL_IDA(2020)648792_EN.pdf
[Accessed 11 February 2021]
Fishing:
Brown, O. (2005) Policy Incoherence; EU Fisheries Policy, UNDP Human Development Report
2005/29
Fisheries and Oceans Canada (DFO) (2020) “A Fisheries Decision-Making Framework Incorporating
the Precautionary Approach”
Hardin, G. (1968). The tragedy of the commons. Science, 162(3), 1243-1248.
Holly Dolan A., Taylor, M., Neis, B., Ommer, R., Eyles, J., Schneider D., & Montevecchi, B. (2005) Restructuring and Health in Canadian Coastal Communities, EcoHealth 2, 1–14, 2005
Jonsson J.H., (2019) Overfishing social problems and ecosocial sustainability in Senegalese fishing
communities, Journal of Community Practice, 27:3-4, 213-230
Mason, F. (2002). The Newfoundland Cod Stock Collapse: A Review and Analysis of Social Factors.
Electronic Green Journal, 17.
Orlowski A, Seafood Source (2020)
Palmer, C., & Sinclair, P. (1997). When the fish are gone: Ecological disaster and fishers in Northwest
Newfoundland. Halifax, Nova Scotia, Canada, Fernwood Publishing
Pauly, D (2006): Major Trends in Small-scale Marine Fisheries with emphasis on Developing
Countries and some implications for the social sciences MAST 4(2); 7:22
Shelton, P.A., (2005) Did over-reliance on commercial catch rate data precipitate the collapse of
northern cod? ICES Journal of Marine Science, 62 (6), 1139–1149
Sinclair, P. R. (1992). Atlantic Canada's fishing communities: The impact of change. In D. A. Hay, &
G. S. Basran (Eds.), Rural sociology in Canada. Don Mills, Ontario, Canada: Oxford University Press
Steele, D. H., Andersen, R., & Green, J.M. (1992). The managed commercial annihilation of northern
cod. Newfoundland Studies, 8(1), 34-68
Transnational Institute (2017) Policy Brief EU Fisheries Agreement Cheap Fish for a High Price
Carl Walters & Jean-Jacques Maguire (1996) Reviews in Fish Biology and Fisheries 6, 125-137

13

World Wildlife Fund (n.d.) - Local fisheries - a US$400 million annual business – Available online:
https://wwf.panda.org/discover/knowledge_hub/where_we_work/west_africa_marine/area/fisheries/?
[Accessed 11 February 2021]
Water:
Aldana, R., Abate, R.S., (2015). Banning metal mining in Guatemala. Vermont Law Review, 40, 597
Amnesty International, (2013). Guatemala: Public Statement on Tahoe Resources’ Escobal Project.
[Press release], 8 May 2013. [Accessed 02 April 2020]
Annand, A., 2019, The pit of San Pedro: the life and death of a Canadian mine in Mexico, The
Narwhal, Canada, Available online: https://thenarwhal.ca/pit-san-pedro-life-death-canadian-mine-inmexico/ [Accessed 29 January 2021]
Basov, V., (2017). World’s top 10 silver mines. MINING.COM, [online] 20 August. [Accessed 02 April
2020]
Bebbington, A., Humphreys, D. and Bury, J. (2010). Federating and defending: Water, territory
and extraction in the Andes. In R. Boelens, D. Getches and A. Guevara (eds.), Out of the
Mainstream: Water Rights, Politics and Identity. London and Washington, DC: Earthscan, 307–27.
Colloff, M., Connell, D., Daniell, K., Grafton, Q., Guillaume, J., van Kerkhoff, L., Marshall, V., Nabavi,
E., Pittock, J., Taylor, K., Tregoning, P., Williams, J., Wyrwoll, P., Lal, A., (2020), Water reform for all:
a national response to a water emergency, The Australian National University, May 2020,
https://openresearch-repository.anu.edu.au/handle/1885/204069
Diaz, S.P., (2013). Dispute over Guatemala silver mine turns violent; Residents fear a Canadian firm
is polluting their town's water. Protests escalate into clashes. Los Angeles Times, 9 June
Hommes, L., Boelens, R., Maat, H., (2016), Contested hydrosocial territories and disputed water
governance: Struggles and competing claims over the Ilisu Dam development in south-eastern
Turkey, Geoforum, 71, 9-20
MAC (2009), Mexicans Celebrate End of Cerro de San Pedro Mine, Source: FAO, Reuters, CP,
Associated Press (19 Nov 2009), Available online:
http://www.minesandcommunities.org/article.php?a=9649 [Accessed 29 January 2021]
New Gold, (2019a), Corporate Responsibility Report, New Gold, Canada, Available online:
http://2019sustainabilityreport.newgold.com/message.php [Accessed 29 January 2021]
New Gold, (2019b) Management's Discussion & Analysis, New Gold Inc., Canada, Available online:
https://s2.q4cdn.com/351510513/files/doc_financials/2018/ar/Management-Discussion-Analysis-Q42019-Final.pdf [Accessed 29 January 2021].
Nikolakis, W., & Quentin Grafton, R. (2014), Fairness and justice in Indigenous water allocations:
insights from Northern Australia, Water Policy, 16 (S2): 19–35
Rulli, M. C., & D'Odorico, P. (2013), The water footprint of land grabbing, Geophys. Res. Lett., 40,
6130– 6135
Solano, L., (2015). Under Siege: Peaceful Resistance to Tahoe Resources and Militarization in
Guatemala. Miningwatch.ca, (10 Nov 2015) Available online:
https://tahoeontrial.files.wordpress.com/2015/11/undersiege_luissolanoreport_2015.pdf [Accessed 02
April 2020].
Temel, J., Jones, A., Jones, N. & Balint, L., (2018), ‘Exploring limits of monetisation in protecting
ecosystem services?’, Conservation Biology, 32 (5), 1048
Tobias, J., (2015). Poor Guatemalans Are Taking On North American Mining Companies—and Have
the Bullet Wounds to Prove It. The Nation, (14 Jan 2015) Available online:
14

https://www.thenation.com/article/archive/poor-guatemalans-are-taking-north-american-miningcompanies-and-have-bullet-wounds-pr/ [Accessed 02 April 2020].
Working Group on Mining and Human Rights in Latin America (2014). The impact of Canadian Mining
in Latin America and Canada’s Responsibility: Executive Summary of the Report submitted to the
Inter-American Commission on Human Rights. Available online:
http://dplf.org/sites/default/files/report_canadian_mining_executive_summary.pdf [Accessed 29
January 2021]

Farming:
Chatham House, (2021), Food system impacts on biodiversity loss, Energy, Environment and
Resources Programme Research Paper, Benton, T. Bieg, C. Harwatt, H. Pudasaini, R. Wellesley, L.,
February 2021, Available online: https://www.chathamhouse.org/sites/default/files/2021-02/2021-0203-food-system-biodiversity-loss-benton-et-al_0.pdf [Accessed 11 February 2021]
FAO. (2019). The State of the World’s Biodiversity for Food and Agriculture, J. Bélanger & D. Pilling
(eds.). FAO Commission on Genetic Resources for Food and Agriculture Assessments. Rome. 572
pp. (http://www.fao.org/3/CA3129EN/CA3129EN.pdf) Licence: CC BY-NC-SA 3.0 IGO.
Hua, F. et al. (2016) Opportunities for biodiversity gains under the world's largest reforestation
programme. Nat. Commun. 7:12717 doi: 10.1038/ncomms12717
IPBES (2019b), Summary for policymakers of the global assessment report on biodiversity and
ecosystem services of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services, ADVANCE UNEDITED VERSION, 2019 Available online:
https://ec.europa.eu/environment/nature/pdf/Summary%20for%20Policymakers%20IPBES%20Global
%20Assessment.pdf [Accessed 11 February 2021]
Liu. C, Wu. Bin, (2010) Grain for green programme in China: Policy making and implementation,
Briefing series Issue 60, China Policy Institute, The University of Nottingham, Available online:
https://www.nottingham.ac.uk/iaps/documents/cpi/briefings/briefing-60-reforestation.pdf [Accessed 11
February 2021]
Liu, J., Li, S., Ouyang, Z., Tam, C., & Chen X., (2008), Ecological and socioeconomic effects of
China's policies for ecosystem services, PNAS, 105 (28) 9477-9482;
(https://doi.org/10.1073/pnas.0706436105)

15

London
7th Floor · Holborn Gate · 326-330 High Holborn · London · WC1V 7PP
Tel: +44 (0) 20 7632 2100 · Fax: +44 (0) 20 7632 2111

Edinburgh
Level 2 ·Exchange Crescent · 7 Conference Square · Edinburgh ·EH3 8RA
Tel: +44 (0) 131 240 1300 · Fax +44 (0) 131 240 1311

Oxford
1st Floor · Park Central · 40/41 Park End Street · Oxford · OX1 1JD
Tel: +44 (0) 1865 268 200 · Fax: +44 (0) 1865 268 211

Hong Kong
2202 Tower Two · Lippo Centre · 89 Queensway · Hong Kong
Tel: +11 (0) 852 2147 9418 · Fax: +11 (0) 852 2147 2497

Beijing
6/F · Tower 2 · Prosper Centre · 5 Guanghua Road · Chaoyang District · Beijing · China 1000020
Tel: +86 (10) 8573 1000

Singapore
163 Tras Street · #07-05 Lian Huat Building · Singapore 079024
Tel: +65 6717 2955

www.actuaries.org.uk
© 2016 Institute and Faculty of Actuaries

