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Executive Summary

Climate change has driven various losses and damages across the world, ranging from crops,
homes, and loved ones. However, current climate policies mostly focus on and interpret loss
and damage in narrow, economic terms. This leaves non-financially quantifiable and
uncommonly traded goods or services, known as non-economic loss and damage (NELD), to be
overlooked. This potentially undervalues the diverse ecological, cultural, and intrinsic value of
elements important for societies and human livelihoods (UNFCCC, 2021a).

This report is an overview of the challenges and opportunities of valuing NELD by looking
at two case studies: one in the USA and the other in Bangladesh, respectively. It draws
broadly on existing literature focused specifically on biodiversity loss in coastal wetland
ecosystems with key highlights on what could be done going forth. It also expresses our
interdisciplinary knowledge, as Six Degrees Research Fellows, to synthesize our diverse ways
of approaching and understanding this complex, ongoing issue.

Climate change has been and will continue to significantly increase biodiversity loss, species
extinctions, and the deterioration of vital ecosystem services (McNamara, 61). While no two
events are equal or directly comparable, we attempt to draw key insights to encourage more
critical analysis of the issues surrounding NELD. Although we are not experts on NELD nor
have personally experienced loss and damage at these unprecedented scales, it is our hope to
shed some light on the importance of NELD and how they help advance international climate
discussions while protecting diverse landscapes and human societies. Given the urgency of
addressing climate change in the 21st century, more attention and tangible action upon NELD is
now crucial.
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Key Highlights

● The report discusses the case for valuing NELD, current approaches to NELD valuation
for ecosystem services, and suggests an alternative framework for undertaking NELD
valuation.

● Valuation requires specific yet flexible formulas, and although possible, it may not be the
most effective process for assisting post-disaster management in affected communities.
As valuation methods are skewed towards the biggest economic impacts, non
economics losses are not being sufficiently reflected in the prioritisation of climate policy
efforts. To prompt next steps, a 6-step framework calculating Total Non-Economic Value
(TNEV) is outlined in the report.

● Standard economic valuation approaches poorly capture complex factors involved in
NELD as it is deeply intertwined with issues of practicality, justice, and ethics.

● Place-based, locally valuable knowledge and approaches are more desirable.
● Beyond the scope of this report, alternative frameworks and successful examples of

community action that embrace complexity and diversity exist, and require further
research and broader understanding within the UNFCCC community and beyond.
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Introduction: The Problem

The Warsaw International Mechanism for Loss and Damage (WIM) is the formal United Nations
(UN) mechanism on loss and damage. In December 2019, a WIM working group was
established as a process to explore the formal assessment on various forms of loss and
damages, one of them being NELD (Decision 2/CMA.2). Assessing NELD is crucial as people
living subsistence livelihoods or developing economies have their needs supported through
non-economic means (Preston, 2017). Given that many NELDs are public goods, markets are
not always well-equipped to account for their value (Preston, 2017). This often results in
neoclassical economic analyses overlooking loss and damage that is less easily quantifiable - a
trend seen amongst current climate policies and negotiations.

While there is a desire to establish a single quasi-economic metric for NELD in order for
compensation of irreparable losses to become part of UN climate policy, many industrialised
nations have resisted (Preston 2017). After all, the UN acknowledges that “it is very difficult to
express aggregate damage in a single number representing the “total non-economic loss”
(UNFCCC 2013b para 164 from Preston). Nonetheless, the UN still recognizes the need to
value and evaluate NELD so that at the very least “…adaptation options can be compared on
the basis of how much they reduce non-economic losses” (UNFCCC 2013b para 119, Preston).
Whether the approach of the UN and its relevant actors is sufficient or not is beyond the scope
of this report. However, we recognize that the challenge ahead is what Preston (2017) suggests:
“to clarify the concept of non-economic losses in order to gain both a fuller understanding of
what is at stake and to suggest methodologies for how to account for them in international
climate policy [emphasis added].”

Lessons from the Case Studies: Key Challenges and Opportunities

1. There are critical disparities between the Global North and Global South, including
poor disaster data management and insurance systems.

There are three primary cross-country, multiple-hazard data sets. These are the Centre for
Research on the Epidemiology of Disasters (CREDs), Swiss Re’s Sigma’s Emergency Events
Database (EM-DAT), and Munich Re’s NatCatSERVICE. While such data sets offer
comprehensive and global data on economic impacts of loss and damage, most disaster data
sets do not include indirect losses and damages to nonmarket goods and services, which
makes data most likely to underestimate full economic impacts of disasters (Kouski 2014). And
if they do, they often do not include non-market impacts or costs to informal sectors of the
economy. Many experts have called for such a database to be developed and maintained by
governments, however this has not occurred (Kousky, 2014). To advance the discussion around
NELD, there is a need for reliable, comprehensive, systematically collected disaster loss data.
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2. Economic valuation methods entail inherent value judgements by external experts
which in itself requires greater scrutiny and critical analysis

Using a cost-benefit analysis framework alone cannot effectively integrate intangible effects,
such as NELD (Markantonis et al. 2012). Even though the UN text cautions the idea of
concealing value judgements through the quantification of loss and damage, the adoption of the
idea of total economic value brings inherent value judgements through its methodological
decisions that are designed to assess loss (Preston, 2017). Burkett (2014) observes that WIM is
seen as a conservative approach to developing loss and damage infrastructure. As Preston
(2017) has expressed, “the quasi-economic approach to non-economic goods and the reduction
of all non-economic losses to a type of psychological (and subjective) harm captured under the
banner of total economic harm is problematic.” Nonetheless, the UN process is demanding
external experts who will decide how to aggregate the loss through their use of economic
valuation, multi-criteria decision analysis, risk indices, and qualitative and semi-quantitative
assessments, each involving techniques that involve weighting decided by technical experts or
decision makers, not those who experience the loss.

3. More meaningful participatory approaches are crucial for assessing NELD and
incorporating its moral and ethical dimensions

Creating relevant and effective tools to address NELD will require the meaningful participation of
people directly affected to reach an understanding of why and how these losses and damages
are collectively important and valuable (Morissey & Oliver-Smith, 2013). NELD has complex
moral and ethical dimensions, depending on its designation as firstly, the loss of something of
value (broadly construed), or secondly, the causing of some harm (McShane, 2017).
Additionally, the question of whether UN technical definition of losses are defined as individual
or social collective is ambivalent (Preston, 2017). As a result, the rush to quantification is
premature. There is a need to remain qualitative and personal, while being democratic and
participatory (Preston, 2017).

4. Opportunities exist for diverse stakeholders and policymakers to collaborate to
better assess NELD at COP26 and beyond

Given that WIM is ‘anchored’ in the Paris Agreement, there is an opportunity for WIM to play an
active role in “helping policymakers better quantify the impacts and scale of loss and damage
that is experienced and projected from human-induced climate change in different regions and
in different national contexts, over different time frames and at different emission pathways,
sharing developments in event attribution science, and working with technical experts and policy
makers to design and tailor approaches to address loss and damage that are suited to assisting
the most vulnerable” (Mace & Verheyen, 2016). As Serdeczny, Bauer & Huq (2017) express,
“These include participation and active engagement at open meetings under the UNFCCC to
advance exchange on applied research that is framed around policy-relevant questions on
NELs as well as interaction with the expert group on NELs that was set up under the designated
policy body to work on loss and damage under the UNFCCC, i.e. the Warsaw International
Mechanism.”
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Our focus on ecosystem services in coastal habitats

Ecosystem services are “the benefits provided by ecosystems that contribute to making human
life both possible and worth living” (UK National Ecosystem Assessment). There are four main
types of ecosystem services: supporting, provisioning, regulating, and cultural (see Figure 1).
They are interrelated with NELD, given how both slow-onset and extreme weather events
impact the environment as well as the livelihoods of local populations. The increasing impacts of
climate change will lead to the continuance of exceeding ‘habitability thresholds’ (McNamara,
14) which can alter sensitive environments in irreversible ways. Therefore it is important to
understand how ecosystem services are implicated with NELD so that effective policy
measures could be informed and designed in the future (Islam et al., 2020)

Figure 1: Depiction of the four types of ecosystem services
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As described by Polasky (2002), Lupi et al (2002), and Boyd and Wainger (2002); wetland
habitats provide many different ecosystem functions, which generate a range of environmental
services including flood control, nutrient cycling, wildlife habitat, water purification, tourism and
aesthetic values. In coastal ecosystems, wetland areas such as mangroves provide nursery,
feeding and breeding grounds for fish and wildlife biota, the destruction of coastal wetlands by
climate events means the loss of their valuable ecosystem functions.

Valuing NELD from ecosystem services; Why and how to value?

Placing a value on all the assets that are affected by human behavior is useful, as it allows us to
evaluate the full impacts of the actions we take. Some assets are easy to place values on as
they have already been valued by the market, for example the food we buy or the services we
use. Using prices as a proxy for value is common and after adjusting for the local price level,
they can be used to assess and compare values relatively easily. However, there is a wide
range of assets humans deplete and enjoy that do not have market value. For example, the way
in which coastal ecosystems protect us from storms or how mangroves provide a nursery for
fish are not valued by the market. In the absence of price, economic valuation can be used to
assess the shadow price of these ecosystem services, with the importance of ecosystem
accounting highlighted by the landmark Dasgupta Review on the Economics of Biodiversity.
Deriving values for goods that are not valued by the market is essential for taking all
consequences of policy or inaction into account.

The presence of negative spillover effects and lacking property rights means that under the free
market, natural and common resources tend to be over-exploited in an unsustainable manner.
This is due to the full value of the commons not being taken into account in decision-making.
Non-Economic Loss and Damage, for example, is a result of excessive greenhouse gas
emissions into the atmosphere, causing increasingly frequent and extreme weather events like
hurricanes. NELD should be valued so that it can be taken into account in international policy
making on climate change where the polluters could compensate for NELD. Valuation of NELD
from ecosystem services is especially important in developing countries, where people
often depend on biodiversity and ecosystem services to a greater extent and
non-economic losses may well be more significant than economic losses.

The pragmatic case for valuation is based around the argument that value estimates can be
used to compare costs and benefits of interventions, a key tool in policymaking, and to give a
direct estimate of the compensation required. Nevertheless, it is important to recognise the
limitations regarding the reliability and validity of shadow prices and uncertainty over
discounting, whilst acknowledging that goods such as cultural heritage can never be fully
represented by one monetary value.
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In undertaking the valuation, the goal would be to determine the Total Non-Economic Value
(TNEV) of the ecosystem services prior to the event, and then determine to what extent were
the ecosystem services depleted or destroyed. In this way, the value of the loss can be
estimated, allowing for people to be compensated for NELD accordingly. Additionally, the
estimate of TNEV of ecosystem services can be used in national policy making to argue for
restoration and protection of nature.

Figure 2: Depiction of the different values of ecosystem services.

As not all values for ecosystem services are not represented by prices on the market, it is
important to initially identify all the different non-economic values that ecosystem services can
have which can be captured under the three broad categories of ecological, sociocultural
and economic values. Following De Groot et al. (2006), steps for undertaking valuation of
NELD from ecosystem service loss are outlined below:

1.Policy analysis; why the valuation is being undertaken?
- Identify the policy use of the TNEV and determine what values have to look like to be useful in the

policy process (TNEV entirely in monetary form or is it suitable for some aspects to be left in
natural units for example).
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2.Stakeholder analysis and engagement
- Identify the relevant stakeholders and start engagement regarding the relevant ecosystem

services following step 1.

3.Identification and quantification of ecosystem services
- Identify the relevant ecosystem services being offered by the area (supporting, provisioning,

regulating, cultural) focusing on the services that do not already have a market value, excluding
ones such as food provision for example. Gather data on the magnitude of the services (e.g. how
many species supported, how many visitors a year, amount of carbon sequestered)

4.Valuation
- Quantify the benefits provided for the ecosystem services provided in step 3. These should be

provided both in natural units, and in monetary units through the use of valuation methods.
- For ecosystem services, the most appropriate economic valuation methods to derive a monetary

value are either the use of behavioural (revealed preference) methods and attitudinal (stated
preference) methods (Fankhauser et al 2014). However, both these methods are expensive,
time-consuming, and require high levels of technical capacity to carry out well (see Appendix for
further information). Therefore, benefits/value transfer which involves applying previous studies
done using stated or revealed preference methods in new contexts is often used (Fankhauser et
al 2014)

Having established an estimation of TNEV, there is a need to estimate the extent to which the
non-economic value is lost or damaged which involves:
5.Identification the source of loss and damage
This could be either a single extreme weather event such as a hurricane, or a slower onset impact of
climate change such as salinification or sea level rise

6.Estimating the extent to which the ecosystem services represented by TNEV were lost or
damaged

- Base the estimation on both climatic and biophysical data as well as stakeholder consultation.
Assess the extent to which each ecosystem service was damaged or lost and estimate NELD
accordingly (e.g. if 60% of the ecosystem was lost, the NELD would be 0.6 x the estimated value
of the ecosystem service).

Once these steps have been completed, we have an estimate of the NELD arising from
ecosystem service loss. Steps 2 and 3 can be repeated for the ecosystem services that are
priced by the market. Step 4 should be straightforward as market prices can be applied as a
method of valuation. Then the end product will be the Total Economic Value of the ecosystem
services (including both non-economic and economic components) that can be used for policy
analysis beyond estimating NELD, for example to estimate the total loss and damage. Ideally,
estimation of TNEV should be carried out before losses from climate change occur, but the
exercise could also be carried out ex-post based on historical data of the region, provided that it
is available.
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Context and challenges in valuation

Valuation is a complex process requiring considerable resources, and hence the framework
above may have to be adapted to different contexts. For example, in countries where technical
capacity may be lacking it may be useful to at least undertake stakeholder consultation and
identify the affected ecosystem services. In this way policymakers can highlight the extent of the
damage without devoting scarce resources to economic valuation exercises. Yet, valuation
should be undertaken where possible, which will likely be in the Global North. This means that
the process of valuation may not be standardised across contexts, where we propose that
climate finance could be used to work towards harmonising the valuation process. Therefore,
context matters for estimating NELD for two reasons. One, it is crucial to engage with
stakeholders to make sure focus is on the most appropriate values (step 2). Two, context should
be taken into account due to differing processes of valuation, where more resources are needed
for valuation to make cross-country comparisons. Despite these limitations, quantifying and
valuing NELD is key in recognising the impacts of climate change, and in redistributing for the
most affected. We expand on how to approach valuation critically while elevating new values,
towards the end of the report, emphasising the importance of local context and participatory
approaches in NELD valuation.
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Case Studies: an overview, methodological approaches, and their
limitations

Table 1: Snapshot comparison of the two events

Louisiana, USA
(Hurricane Katrina)

Sundarbans Mangrove, Bangladesh
(Cyclone Sidr)

Year 2005 2007

Total Wetland Area Affected 562 sq km of wetlands* 2500sq km of mangrove

Highest Wind Speed 280km/h (category 5 storm) 260km/h (category 4 storm)

People displaced 770,000 650,000

Lives** 1,330-1,833 3406

Fishing Industry $414 million to $1.1 billion $9 million
(729 million Bangladesh Taka BDT)

Tourism Industry 1,409 tourism and hospitality
businesses shut down after the
storm affecting 33,000
hospitality-based employees

$0.9 million

Economic Loss & Damage $100 billion US + $1.7 billion
(115.6 billion BDT exchange rate at time of event)

Note: values can vary significantly within the literature, depending on the methodology and discount rate used.
Data from Katrina case study comes from Barras 2007, HSC 2006, Knabb 2006, Buck 2005, Caffey 2007, Rye et al 2013
Data on the Sidr case study comes from GOB 2008, CEGIS 2008, JDNLA Government Report 2008
*Louisiana doesn't have much in-tact mangrove so we have compared the freshwater wetlands to mangrove forests as both
are wetland habitats)
**This is the number of deaths caused by events, not including that of missing/injured people.

Our report focuses on two events: The 2005 Hurricane Katrina in New Orleans, USA, and
2007 Cyclone Sidr in coastal Bangladesh. These case studies were selected to compare as
they are both coastal environments with freshwater wetland habitats, with one taking place in
the Global North and the other in the Global South. Despite the somewhat similar storm size
and impact on human life, when looking at purely the economic valuation of loss and damage
from Hurricane Katrina, the total costs were found to be substantially higher than those
calculated for Cyclone Sidr, illustrating how the way these valuations are calculated often does
not fully capture non-economic losses or the local context.

This is perhaps best illustrated by the example of fishing, especially of shrimp, which is an
important industry in both case studies, related to commercial fisheries in Louisiana and more to
small-scale artisan fishing in Bangladesh. However, there is a significant discrepancy between
the reported economic valuation of damage of up to $1.1 billion from Katrina and $9 million from
Sidr, demonstrating how these valuations often fail to accurately represent the true cost to
fisheries habitats and local livelihoods, with in the case of Bangladesh many of the losses linked
to informal fishing likely left unreported.
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Whilst in the case of the US, no official account of NELD was made after Katrina, the
Bangladeshi government does specifically acknowledge non-economic losses, but fails to
properly value them. In the absence of any detailed account of ecosystem damage caused by
Katrina, we have attempted a crude valuation of wetland losses based on available data of
habitat loss and wetland valuation studies estimating that the non-economic damage done to
one ecosystem is equal to approximately 1/10 th of the entire economic damages
suffered, per year. This value is significantly larger than the official total reported value
calculated in Bangladesh. For the Sidr case study, we offer a critique of the government’s
accounting of non-economic losses and adopt a primarily qualitative approach by constructing a
revised ESs framework to explore the often overlooked disservices to the ESs.

Case Study 1: 2005 Hurricane Katrina, New Orleans, US

Brief Background:
Built on a legacy of 19th century industrialization of oil and shipping canal infrastructures,
Louisiana is a post-colonial and historically complex region known as ‘Hurricane Highway,’ a
vulnerable landscape in which 1 million acres of coastal wetlands have been diminished since
the 1930s. Exacerbating the issue of natural flood control, levees were built to provide flood
protection but failed to prevent the vital land-building sediments and nutrients necessary for
replenishing and elevating critical marshes that help prevent coastal erosion and subsidence.

In 2005, Hurricane Katrina hit the coastal mangrove environment and communities of Southern
Louisiana, becoming the costliest hurricane on record to hit the mainland United States (NOAA
& NHC, 2018). Several analyses were performed to assess the economic damage of hurricane
Katrina by considering various factors ranging from commercial property to residential property
to government property and public infrastructure.
Table 2: Compilation of economic losses calculated for Hurricane Katrina (with gaps of data in grey)

Damages ($ billion, non-adjusted)

Source (Burton, 2005)1 (HSC, 2006)2 (NOAA, 2021)3

Commercial Property 21 20

Commercial Goods 36

Commercial Revenue 4.6

Residential Property 75 67

Residential Goods 7

Government Property and Public Infrastructure 4.4 3

Total 141 97 125

3 NOAA. Billion-Dollar Weather and Climate Disasters: Events. Available at: www.ncdc.noaa.gov. (Accessed: 14th May 2021)

2 US Homeland Security Council. The federal response to hurricane Katrina: Lessons Learned. (2006).

1 Burton, M. L. & Hicks, M. J. Hurricane Katrina : Preliminary Estimates of Commercial and Public Sector Damages. (2005).
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In addition, many other economic impacts were recognised, if not explicitly valued, that had a
significant impact on people's lives, such as unemployment (rising from 6 to 12% in most
affected areas), decrease in salaries and wages (falling $1.2 billion US in third quarter of 2005),
and sharp increase in fuel prices due to impacts on the oil and gas industry (HSC, 2006, 31-33).

Methodology: Calculating Non-Economic Loss and Damage
In an attempt to assign value to some of the non-economic loss on the extensive coastal
wetlands of Southern Louisiana, we chose to focus on the damage caused to the extensive
coastal wetlands of the Southern US by hurricane Katrina.

Table 3: Comparison of studies that analyse reported damage to coastal wetlands in Louisiana
Impact Source

56,200 ha of wetlands were destroyed by Katrina and Rita, compared to 4,100 ha over the previous
3 years.

(Barras, 2007)

https://pubs.er.usgs.gov/p
ublication/cir13065B

Katrina and Rita accelerated the loss of wetland by 8-11 times over 50% of the affected coastline.

An additional 21,238 ha of open water was created in areas primarily affected by Katrina

Prolonged and significant saltwater intrusion into freshwater marsh.
The loss of these coastal wetlands is likely to have direct, negative, and long-lasting impacts on
fisheries. Historically, wetlands lost to open water have not reestablished themselves.

(Impact of Hurricanes
Katrina, Rita, and Wilma
on Commercial and
Recreational Fishery
Habitat of Alabama,
Florida, Louisiana,
Mississippi, and Texas,
2007)

https://citeseerx.ist.psu.e
du/viewdoc/download?do
i=10.1.1.226.727&rep=re
p1&type=pdf

Widespread and severe damage to wildlife refuges. [Sheikh2005]

http://research.policyarchi
ve.org/2595.pdf
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Given the reported loss of 56,200 ha of wetlands, we attempted to value this loss by consulting
numerous studies that perform meta-analysis that makes use of economic valuation methods.
Indirect economic losses resulting from the damage to wetlands may occur in areas such as
fisheries, a key employer in the region, eco-tourism and property damage from reduced storm
protection. These projected losses were then used in the valuations of the wetlands themselves
through direct value transfer. In the infographic below, we listed a number of valuations of
wetlands ecosystems produced using various methods and datasets. These valuations are
standardised into units of dollars per hectare per year ($ ha-1 yr-1). For each valuation we have
listed, where available, the most significant services and their value, with the totals in bold.

Figure 3: Different valuations of wetlands ecosystems, in $ ha-1 yr-1, according to different studies.
Note: Data provided in table in the Appendix

15



Our Findings
Any estimate of the value of a common resource such as a wetland is inherently uncertain.
Some have argued that because of this the ‘worst case’ valuations should be assumed
(Costanza and Perrin, 1990). Following this argument, we will take the largest mean value from
these studies of $193,845 ha-1 yr-1 (de Groot, 2012) and multiply it by 56,200 ha to find that the
wetlands lost to hurricane Katrina (and Rita) can be valued at $10.9 billion yr-1.We therefore
estimate that the non-economic damage done to one ecosystem is equal to approximately 1/10
of the entire economic damages suffered from hurricane Katrina assessed at roughly $100
billion.

Figure 4: The value of impacts, 2 to 3 years following the storm. Note: Data provided in table in appendix
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Challenges identified
Lack of available data on non-economic loss and damage estimates
While many non-economic impacts of the storm are recognised in official reports, however, none
are specifically valued. Hurricane Katrina was followed by Hurricane Rita in the same season,
making it near impossible to detangle their individual impacts in many cases. The annual nature
of the hurricane season and the impact of subsequent disasters such as Deep Water Horizon in
2010 on this region also makes it challenging to analyse the long-term impacts of a specific
storm. As such, our analysis looks at the two to three years following the storm. Many impacts
had both an economic and non-economic element which we were not able to completely
untangle.

Neglecting holistic value of an ecosystem
Reporting values as ‘per hectare’ gives the impression of equal value across a whole wetland
and ignores any holistic value of an ecosystem. Indeed, some meta analyses of valuation
studies show that the value per hectare of a wetland decreases as wetlands get bigger which is
likely to be at odds with it’s ecological utility. Several authors noted that wetlands which are lost
to open water do not re-establish themselves. Many of these studies are carried out using data
from around the globe, and again, these valuations imply a uniform value of wetlands.

Issue of discounting
Besides the values themselves, one significant problem is the use of discounting: a method
traditionally used to ‘rationalise’ value judgements of assets in the present versus the future.
This assumes that a) the near future has more value than the distant future and b) beyond some
point the future has zero worth to the present generation. Discounting is heavily used in policy
decisions in both the public and private spheres, however, it is highly subjective and reinforces
short-term decision making and many have questioned whether it is appropriate for the
valuation of common resources rather than private investments (Costanza, 1989), particularly as
these resources are created and exist over geological timescales. Where possible, we have
listed the discount rates used.

However, the time dimension adds an additional layer of complexity to estimating NELD. Some
ecosystem services can regenerate themselves relatively fast, while for others it may take years
or centuries (e.g. a coral reef destroyed by a storm). If estimates are available, the analysis
could try and take into account the time it takes the ecosystem services to regenerate. For
example, losses of services that are likely to persist for longer could be weighted more in the
calculation of NELD, through applying discounting. Having said that, undertaking all the steps
outlined and incorporating the time dimension requires high technical capacity which may not be
available in all contexts.
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Case Study 2: 2007 Cyclone Sidr, Coastal Bangladesh

Brief Background
The Sundarbans mangrove ecosystem is facing extraordinary challenges that stems from a
paradox aligned with a global trend in mangroves. That is, the services it provides are
increasingly subject to degradation because of short-term and long-term environmental change
ranging from tropical cyclones to climate change, while at the same time, their significance to
the local community livelihood is set to increase. (Islam et al. 2018). This is concerning not only
at a local level but also given the important global role that mangrove forests in Bangladesh play
in contributing to atmospheric conditioning and climate control.

“On 15 November 2007, Cyclone Sidr struck the south‐west coast of Bangladesh with winds up
to 240 kilometers per hour. The category 4 storm was accompanied by tidal waves up to five
meters high and surges up to 6 meters in some areas, breaching coastal and river
embankments, flooding low‐lying areas and causing extensive physical destruction.”(GOB,
2008).The Sundarbans served as a buffer against the effects of Cyclone and "bore the brunt of
Cyclone Sidr, thus saving residents near this area from more disastrous consequences". (Paul,
2009)

Scope:
Note that the entire case study is only focusing on the Bangladesh part of the Sundarbans,
and the Indian counterpart is not included. It should be noted that the overall academic research
on the link between local livelihood and the Sundarbans is very limited; recognising this
limitation the approach taken was instead to attempt to sketch out a narrative of the main trends
and themes on this aspect.  

Local Context:
The dependency on Sundarbans mangrove forest resources of rural communities living within
20 km of the forest boundary is high. There has been marked shifts in the use of these
mangrove forest resources. Until the late 1980s, commercial harvesting of timber was the
primary economic product of the Sundarbans. The government later gradually banned all timber
harvesting for environmental concerns. Today, local communities still use some timber
resources for firewood, construction, furniture and other purposes, but their livelihood largely
relies on (1) the mangrove fishery resources such as white fish, crabs, post larvae of shrimp and
prawns and (2) non-timber forest products like honey and other materials used for medical and
thatching purposes. (Islam et al. 2018)

An illustrative quote from a member of the local community: “…from the forest no one
returns empty handed, if you have no other income earning option, at least you can
make a living from the mangrove forest. This is the case for many households living
adjacent to the Sundarbans.” (Islam et al. 2018)
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Methodology
● This case study aims to demonstrate the usefulness of NELD by highlighting its linkages

with the value-pluralist thinking in ecosystem services (ESs) research, specifically
through a qualitative synthesis of the observed impacts of Cyclone Sidr on the
Sundarbans mangrove forest ESs that fall outside of the mainstream valuation
methodology.

● In recent decades, there has been the mainstreaming of ESs in global environmental
governance and a growing interest to use it as a communicative tool for bridging the
policy agenda for economic development and the equally valid imperative for
environmental conservation (Craig et al., 2019). But this ambitious goal remains
unfulfilled for a range of reasons, among which this study zooms in on the
methodological one: a failure to incorporate the non-economic values into the existing
valuation frameworks underpinned by economic-utilitarian assumptions. This is where
we believe NELD can come into play.

Analytical Approach
The present case study chooses to modify the classification of ESs suggested by the Millennium
Assessment (MA) to make it more in tune with both the local context of southwestern
Bangladesh and the methodological requirement for NELD evaluation. It should be noted that
our goal is to articulate an alternative narrative of the damage inflicted on the local ESs by
Cyclone Sidr, rather than a comprehensive account of the unregistered values. The point is to
accentuate the complexity and the depth of the damage, not to pursue exhaustiveness and
complete accuracy. 

To measure the effects of climate events on ecosystem services is challenging, with the scope
of most current research on assessments of ecosystem responses to events such cyclones
usually more restricted to the focus of ecosystems as a whole and does not come down to the
level of ecosystem services.  In other words, despite the significant contributions made by these
studies, they fail to provide fine-grained, disaggregated data on ecosystem services specifically,
with many studies failing to take into account the extra step of linking the human-aspects/use of
ecosystems.

Recognising this, our analytical approach for this case study underscores three points in
assessing the impacts of Cyclone Sidr on the Sundarbans mangrove forest ESs.

- Impacts that are primarily qualitative and non-economic (i.e. not traded in markets), thus
remaining very difficult to quantify

- Connections between the impacts on different aspects of ESs
- The role of human-environment interactions in mediating or even constituting these

impacts

The substantive part of this case study concerns ecosystem resilience, or specifically the
resilience of ecosystem services (which we are using NELD to capture). Because we are
not interested in the value of the ecosystem services per se, but rather how they have changed
in the context of cyclones (in terms of both damage and recovery). Ecosystem resilience is
defined as “the inherent ability of the system to absorb perturbations and bounce back to its
normal state without losing its critical functions.” (Islam et al., 2020). Taking the approach to
assess ecosystem resilience in terms of risks and vulnerability, the goal is to find out the broader
patterns of the environmental impacts that unfold at the local and communities level.
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Reported Economic Loss & Damage – A Critique of the Official Account
In the wake of Cyclone Sidr, the Government of Bangladesh, together with international experts,
undertook a comprehensive damage and loss, and needs assessments to ascertain the extent
of the damage caused by the storm, and to define a comprehensive and feasible recovery plan
in 2008. The Joint Damage, Loss, and Needs Assessment (JDNLA) estimated the total damage
and losses caused by the cyclone to be Bangladesh Taka (BDT) 115.6 billion equivalent to
US$ 1.7 billion, which is likely undervaluing the true costs of non economic losses.

The estimates were made using the damage and loss assessment (DaLa) methodology, first
developed in the 1970s by the United Nations Economic Commission for Latin America and the
Caribbean (ECLAC). It has been continually updated and expanded, and is being customized
and simplified for application in different regions of the world. This methodology, which has been
applied in previous assessments by the World Bank, provides a framework for identifying and
quantifying the social, economic and environmental impact of natural disasters. Under this
framework, damage estimates provide an initial indicator of reconstruction requirements, and
losses represent the reduction or decline in economic activity and personal and family income.
In summary, the valuation framework focuses on a) damage to tangible properties (e.g
infrastructure, other physical facilities such as schools and b) production losses (e.g.
workplace shutting down due to the cyclone)

Table 4: Framework used for official reporting of damage & loss of Sidr (source: Joint Damage, Loss, and
Needs Assessment 2008)

However, the framework fails to accurately assess the damages by only calculating the damage
on a) tangible properties such as coastal infrastructure and watercrafts and b) some segments
of forest resources, e.g. coastal afforestation and strip plantation. ESs themselves are not
calculated at all; the report simply enumerates some data on the affected plant species. 
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Our Findings

Putting Together the Non-Economic Loss & Damage – Nexus, Complexity, and
Interactions
The scale and gravity of Cyclone Sidr’s impact on the Sundarbans was significant, with 45%
(2500 square km) of the Sundarbans in Bangladesh (Bhowmik & Cabral, 2013) affected. The
effects were likely to be far more profound than the official government indicated, with the
cyclone having a long-term impact on the species characteristics of the Sundarbans mangrove
forest and its regenerative capabilities, depending on the region, biodiversity and ecosystem
type.

Specific Focus: Here we want to focus on shrimp farming, a specific aspect of the mentioned
linkage between local livelihood and mangrove forest resources, which can help us under the
NELD caused by Cyclone SIdr by situating it in the broader patterns of vulnerability in this
region. 

The rise of shrimp farming in this region sits at the heart of a profound transition in the local
economy resulting from complex interactions between unfolding environmental change and
anthropogenic activities (Hasan et al. 2020). On the one hand, increasing temperature and
seasonal fluctuations of rainfall and humidity in this region have driven up the level of salinity,
exacerbating the long-standing issue of salinity intrusion particularly harmful to agricultural
production. On the other hand, the availability of saline water, together with the possibility to
construct ghers (traditional earthen ponds or fields situated by riversides) and existence of a
considerable number of polders introduced since the 1950s, provide an ideal condition for
shrimp farming, an emerging hotspot for private investment from the 1970s (Pokrant 2014; Paul
and Vogl 2011). Against this context, the government started actively promoting the shrimp
farming industry in southwest coastal Bangladesh in the 1980s in order to tap into the global
shrimp export market (Thomas 2020; Ray et al. 2021). Today, this industry stands as the second
largest foreign income generator for the country, with over 75% of shrimp exported from
Bangladesh cultivated in the Sundarbans region (Islam et al. 2015). 

This particular economic rearrangement led to significant changes in land use patterns and local
livelihood strategies. From 1980 to 2018, while aquaculture continued to grow, agricultural land
has decreased over time (Hasan et al. 2020; Adnan et al. 2020; Sousa and Small 2019). This in
turn caused a marked downturn in the ecosystem services of the Sundarbans because the net
benefits provided by aquaculture fail to compensate for the loss in agriculture (Akber et al.
2018). Meanwhile, the land conversion resulting from the development of shrimp farming took a
toll on many agriculture-related jobs, leaving the erstwhile smallholder farmers more dependent
on the mangrove forest resources (Islam et al. 2018). The capital-intensive nature of shrimp
farming also means its development often involves external actors, especially large commercial
corporations, while the poor and marginalized local communities struggle to have a fair share in
its benefits (Ahmed 2018; Kabir et al. 2020). These consequences are not unique to
Bangladesh, but are part of the global trends and debates regarding shrimp farming (Weitzman
2019). 

An illustrative quote from an NGO professional, “Before shrimp culture was introduced in
the vicinity of the Sundarbans, many people were employed in agriculture, but shrimp
culture in agricultural land made many people jobless. These people ultimately took
forest-based occupations. Thus, exploitation of forest resources increased.” (Islam et al.
2018)
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From an ecosystem services perspective, this shift indeed forms and also helps exacerbate a
vicious cycle: existing salinity intrusion encourages the conversion from agriculture to shrimp
farming, the development of which further drives up the level of salinity (Pokrant 2014; Hasan et
al. 2020; Prodhan, Sikder, and Nasreen 2019). Its destructive effect on local jobs also brings
more and more people into this industry, leading to overexploitation of the mangrove forest
resources (Islam et al. 2018). Lurking behind these developments is an even more troubling
threat posed by tropical cyclones, flooding, climate change, and other natural disasters (Ahmed
and Diana 2015). 

Impact of Cyclone Sidr in the above-mentioned context: It is in this context that we situate
the impact caused by Cyclone Sidr on the Sundarbans ecosystem services. If we incorporate
into our assessment a perspective on the capacities and agencies of the local communities to
obtain these ecosystem services, two patterns can be discerned. 

First, this disaster, like many cyclones in this region, was particularly damaging to agricultural
production and pushed more people into shrimp farming because of the influx of saline water
(Islam et al. 2018; Pokrant 2014). However, once the rising level of salinity passes a certain
threshold, it can decrease the productivity of shrimp farming as well, hence affecting the
livelihood of local communities (Ahmed 2018; Karim, Zhang, and Li 2019). The devastating
effects of the cyclone on mangrove forests both built on the already existing practice of
destructing mangrove forests for more space to develop fisheries (Paul and Vogl 2011). In this
way, Cyclone Sidr fed into the existing patterns of vulnerability caused by the rise of shrimp
farming in this region, in addition to directly destroying 90% of shrimp farms (Pokrant 2014; Paul
and Vogl 2011; Akber et al. 2017). 

Second, and also perhaps most interestingly, the cyclone compounded the debt burden of local
communities and the stress on social networks. Before the cyclone, farmers already needed to
take loans to participate in shrimp farming because of its capital-intensive nature, and as a
result most marginalized villagers could not engage with this business (Pokrant 2014; Swapan
and Gavin 2011). After the cyclone, the livelihood options for the local communities became
even narrower as people sometimes had no choice but to become indebted to recover from the
disaster and begin participating in shrimp farming (Ahmed and Diana 2015). As a result, people
usually turned to their social networks for help (Paul and Routray 2011). Some of these social
networks have in turn broken down due to the immense pressure people put on them, e.g.
borrowing too much money from neighbours during hardship (Islam and Walkerden 2014). This
kind of loss is usually invisible, but has a huge impact on people’s life and directly hinder their
ability to access the ecosystem services in the long run. 

Overall, surveys showed 88% of shrimp farmers perceive cyclones as a huge threat to their
business (Ahmed and Diana 2015). Most of them do not prepare for upcoming cyclones
because either the weather forecast system is not advanced enough or the measures they
could take are usually ineffective (Islam et al. 2019). 
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The Need to Examine Vulnerability and Adaptation

● In the field of climate change science, examining concepts of vulnerability and
adaptation are critical to studying the present, past and future consequences of storm
surges. Within this paradigm, ‘vulnerability’ denotes loss and ‘adaptation’ indicates how
people adapt to cyclones and storm surges (Younus, 2017). When addressing local
issues of vulnerability and adaptation to cyclones, participatory approaches at the
community level are most effective (cf. Aalst et al. 2008; Maskrey 2011; Munang et al.
2014; Naumann et al. 2013; Younus and Harvey 2013). However, it bears emphasis that
the participatory approach must be truly participatory; otherwise, the potential base-level
information might not be useful for making local-level policies. Exploring these alternative
intervention methods and solutions under climate change scenarios has multiple
advantages, including time and cost efficiency.

● Multiple studies of mangrove efficacy in protecting coastlines were undertaken in the
wake of Sidr. These studies found that the protection service afforded by mangroves to
communities in the region is highly undervalued by the government, despite the
ecosystem’s crucial services in protecting coastal livelihoods. Through an empirical
analysis of local people across 15 villages in southwest coastal Bangladesh, a study
obtained that 93% of the respondents emphasized the importance of the mangrove in
reducing the damages of storm and expressed their support of conserving the mangrove
forest (Akber et al., 2017) The local support of mangrove conservation is empirically
qualitated: scientists assessed the extent of damages caused by the cyclone Sidr in
villages that were either protected by mangroves or not, and found the mangroves to be
successful in preventing damages, including less quantifiable metrics found in NELD.

Despite the nearly unanimous support for mangroves amongst locals, increased funding is
needed to conserve the storm protection services of the Sundarbans mangrove forest. This
finding therefore reveals the need for robust conservation policies. The demonstrated protective
capacity of mangroves underscores the critical importance of effective management of natural
resources in addition to disaster management policy in this region. We therefore recommend
increased management of storm protection and conservation services through a
community-level participatory approach of the Sundarbans mangrove forest in order to prevent
NELD from rising sea levels, salinization, and cyclones in Bangladesh. In addition, adaptive,
equitable, and regenerative participatory management are also necessary to address the
ongoing mangrove deforestation caused by oversights in forest management (Jhaveri et al,
2018).
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Comparative Discussion of Methodologies Used

As Six Degrees Research Fellows, the most significant observation is that there are myriad,
socioeconomically and culturally significant yet disjointed efforts around assessing NELD from a
systematic perspective. Given the diverse backgrounds as researchers, we found it challenging
to consolidate our observations of both quantitative and qualitative literature through a single
narrative framework. However, our experience shows how addressing NELD in various
development contexts is inherently challenging and cannot be solved by just one pathway.
Instead, multiple pathways to sustainability could be considered (Leach, Scoones & Stirling,
2010) alongside critical perspectives including climate justice (Okereke, 2010). Given our
positionality as researchers with diverse disciplinary backgrounds, we remain cautious as to
how we provide our preliminary insights, frameworks, and suggestions going forth.

In terms of Hurricane Katrina, the case study reveals how difficult it can be to quantify disaster
loss data. This is partly owing to the fact that the US does not make systematic records of
losses from natural hazards, and uptake of mandatory insurance for properties in high-risk flood
zones remains low. In addition, the frequency of hurricanes in the region, intensified by a history
of alterations to the landscape, further complicates devising a value system for the long-term
impacts of a specific storm.

On the other hand, a qualitative approach was used to analyze the Bangladesh case study and
the focus was shifted to the power of policy and revising ESs framework. This analysis worked
more to prove how essential ESs are, and less so on being painstakingly accurate. Accuracy in
these cases will be, more or less, unachievable. This case study explicitly states that “due to a
lack of market information, a full economic assessment of the damages to these resources was
not possible”; this will be true for all similar cases, merely supporting the call that changes in the
current approach are needed for more effective decision making.

Within this study of the Sundarbans ecosystems, critiques of mainstream ESs valuation
methodologies were identified with the analysis suggesting that more preventative measures
should be put in place, rather than only relying on complex methodologies for dealing with
aftermaths. This case also brings up the importance of the local community and emphasizes
that a framework should be just that: a framework. If too specific, policy or even policy
suggestions could do more harm than good. Simply and anthropocentrically put, it cannot be
argued against that mangroves provide substantial buffering and protection for coastal
communities against storms, thus deserve further protections.
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An Alternative Ethical Framework for Valuing Nature

Taking a different angle, in devising an Alternative Ethical Framework for Valuing Nature, we aim
to elevate new values that express ecosystems in their natural metrics, rather than economic
ones. Firstly, it is important to outline our position within the theoretical framework. We are
critical of the application of valuation systems for assessing NELD because all such frameworks
are rooted in economic theories of value. This means that metrics possess conceptual flaws in
their understanding of ecological processes. For example, environmental valuation systems
afford humans intrinsic value and everything else instrumental value (i.e. ecosystem services);
this is especially the case with market-based mechanisms (e.g. offset schemes). In addition to
this, the very task of devising a universal quantification framework contradicts the complex
nuances of ecosystem multiplicity; ecosystems are always distinctly unique in their interrelated
characteristics and properties. Therefore, the task to develop a single metric system for
evaluating NELD in different ecosystems seems unsuitable.

Nevertheless, in situations where measuring such deficits could provide for better restoration
efforts to ecosystems that are depleted by disasters, it is worth pinpointing a pathway to a metric
system. One mechanism for this could be to assess how biodiversity is impacted, as thriving
biodiversity is a barometer for overall ecosystem health. Ascertaining levels of biodiversity
depletion could be a generative heuristic for evaluating NELD in ecosystems. It is worth noting
that the evaluative place for biodiversity is often framed as a substitutive term for ecosystems,
when in fact biodiversity is a characteristic of an ecosystem (Salles 2011). This configuration of
biodiversity as indicative of ecosystem optimal functioning is not novel; the Millennium
Ecosystem Assessment (2005) codified biodiversity issues as part of a biosphere-level crisis
that impacts human well-being, therefore focussing on ecosystems and their processes as 1)
measures of the crisis and 2) targets for managing could provide avenues for thinking about
NELD assessment.

Reconfiguring the political ecology with the political economy is essential to this devising of
NELD metrics. We ought to understand climate change as both a symptom of our flawed
valuation of other living organisms (Martin et al., 2016) and therefore translate this to a
prognosis for restoring climatic equilibrium. This requires recognizing and respecting the
ecological limits of the planet with an ethical commitment of respect for nature (Martin et al.,
2016). Only then can a new paradigm emerge wherein the central role of the economy is
reconfigured within a nested model that places the environment as enveloping society and
economy, indicating how critically both depend on the natural environment (Folke 2002,
Giddings 2002, ICLEI 1996). Processes of entropy, economy, and ecology must be integrated
into a global perspective of the environment that accounts for limits to growth (Grinevald 1979).
In line with this reasoning, we recommend this nested model to post-disaster restoration
strategies.
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Recent literature around common-pool resources and degrowth demonstrates how a nested
model is ideally suited to spurring the regeneration of ecosystems (Jackson 2009, Gorz 1985).
As a characteristic of ecosystems that enhance both social and more-than-human value,
biodiversity thus appears both as a local and a global common. A well-designed management
framework should therefore put forward local and global public benefits (Perrings et al. 2003).
More generally, Elinor Ostrom (1988) argues in favour of a polycentric governance of
biodiversity based on the “law of requisite variety”, which states that any regulative system
needs as much variety in the actions as there is in the system to be regulated. However, at each
level, there must be a narrow enough congruence between the effective management rights and
the awareness of the social values at stake.

We recommend participatory collaboration across stakeholders from various disciplines,
especially in the social and physical sciences, in adopting an Alternative Ethical Framework for
Valuing Nature. Although environmental science can flag limits to growth and the repercussions
of ignoring them, the social sciences are indispensable to understanding societal mechanisms
at work and potential drivers of social change (Martin et al. 2016). We therefore recommend the
integration of different fields for evaluating, and acting upon the restoration of, ecosystem
losses.

Conclusions

Underexplored, politically contentious, and conceptually obscure, the valuation and methods to
assess NELD remain a very difficult task. Given the current uncertainties of the increasing
impacts of climate change, COVID19, and the essential role of value judgements, there is no
single clear pathway towards defining and addressing NELD. A well-designed management
framework should therefore put forward both local and global public benefits (Perrings et al.
2003). Through a comparative analysis of case studies, this report shows how the analysis of
NELD hinges on various factors, including case specificity. In the case of Katrina, the absence
of data around ecosystem damage invited scrutiny to perform a rudimentary valuation of
wetland losses. For further nuanced precision, we recommend detailed descriptions and
datakeeping about the interrelations between habitat (quantity and quality) and fishery
production. Conversely, the Sidr case study strove to glean more qualitative insights around ESs
in order to revise conservation-based policymaking and evaluative frameworks. Although more
quantitative aspects were considered (tangible properties and production losses), the emphasis
remained squarely on how ESs were qualitatively essential to livelihoods; in other words, the
emphasis on producing a definitive valuation of NELD was not shared equally across the case
studies. The reasoning behind this was twofold: in addition to there being a critical lack of
market information, it is not possible to conclude full economic or non-economic assessments of
damages. This, in part, indicates the need for improvements in the evaluative framework for
effective action.
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The dichotomous outcome of these two case studies reflects two conclusions: 1) that each
case requires a specific management response that considers local factors and
livelihoods, and 2) climate events carry both economic and non-economic elements that
cannot be completely unwound in the critical analysis of NELD appraisal. In order to
improve both preparatory and adaptive approaches for communities and ecosystems impacted
by climate events, assessments of NELD must consider socioeconomic factors, as they impinge
on the non-economic dimension, in order to ensure more robust action on a case-by-case basis.

To summarize, four key takeaways are expressed through our findings:
1. There are critical disparities between the Global North and Global South, including poor

disaster data management and insurance systems.

2. Economic valuation methods entail inherent value judgements by external experts which
in itself require greater scrutiny and critical analysis.

3. More meaningful participatory approaches are crucial for assessing NELD and
incorporating its moral and ethical dimensions.

4. Opportunities exist for diverse stakeholders and policymakers to collaborate to better
assess NELD at COP26 and beyond.

Areas of future research include the need for more alternative frameworks to mainstream
economic valuation, stories of successful on-the-ground practices to ensure communities
affected by NELD are fully supported in the way that they want it, and further analysis on other
aspects of NELD (i.e., loss of life, cultural heritage) and how they interrelate with one another.
We recommend the integration of different fields for evaluating, and acting upon the restoration
of, ecosystem losses.
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Appendix
(I) Research Team
Sawyer Belville
Sawyer Belville is currently studying for a Master’s degree in Sustainability, Energy and Development at the
University of Durham. Her broad research interests include the effects of capitalism on education and the
environment. She intends to pursue further research in this, with the aim to enter a PhD program in Auckland New
Zealand in 2023.

Quincy Childs
Quincy Childs is a Fellow with the Knowledge Futures Group at MIT where she advocated for the Creative Commons;
she is further exploring the theme of resource commons in her graduate dissertation on polycentric policy design for
carbon dioxide removal. She is completing this under the supervision of Oxford Net Zero, a platform that pursues
principles and policies for climate neutrality. She is reading for an MSc in Nature, Society and Environmental
Governance at the University of Oxford to combine critical theories of political ecology and policymaking. Quincy has
thoroughly enjoyed her involvement with Six Degrees to value non-economic loss and damage (NELD) for frontline
communities, therein bridging the fields of ecosystem services and climate justice. Within the multidisciplinary cohort,
her focus drew from decolonial studies to provide historical context, to critique the rush to quantification by
highlighting conceptual and ethical caveats, and to ultimately advocate for more holistic frameworks and participatory
governance around climate mitigation assessment.

John Cully
John Cully is a DPhil candidate at the University of Oxford researching electrical phenomena at the nanoscale. He
has worked in the Parliamentary Office for Science and Technology and is looking to pursue a career in public policy.
In this report, John compiled the case study on the non-economic impacts of hurricane Katrina.

Yaowen Deng
Yaowen Deng is currently pursuing an MPhil in Development Studies at the University of Oxford. Yaowen’s research
is concerned with the politics of energy transitions and environmental justice in South Africa, specifically the emerging
potential of legal mobilization in enabling resistance from below against fossil fuels. Prior to Oxford, Yaowen studied
philosophy at Nanjing University, primarily researching ancient Chinese philosophy and critical theory. Yaowen is
passionate about bringing a critical and evidence based perspective to energy transitions and climate justice, with a
particular focus on China’s growing engagement in Africa. With the report, Yaowen researched the Bangladesh case
study.

Sari Ohsada
Sari Ohsada is a Canadian Memorial Foundation and Rotary Scholar, reading for an MSc in Environmental Change
and Management at the University of Oxford. Growing up in the Rocky Mountains of Canada, her research is focused
on equity and justice aspects around Alberta’s thermal coal phase-out and lessons and implications from building a
fair and just transition. Sari has worked for Environment and Climate Change Canada and Parks Canada in Banff
National Park and has interned at the Stockholm Environment Institute in Oxford, the United Nations Development
Programme in Kosovo, and Oxford Net Zero. As a Research Fellow at Six Degrees, Sari is keen on learning more
about non-economic loss and damage and the importance of incorporating climate justice into inclusive policymaking
processes. In her free time, Sari enjoys practicing karate, figure skating, and playing the flute. Twitter: @SariOhsada.

Nelli Vanninen
Nelli Vanninen is currently studying for a Master’s degree in Development Economics at the University of Oxford
where her thesis focuses on climate-smart agriculture in Sub-Saharan Africa. With a passion for applying economics
on challenges of climate change and development, she was responsible for the valuation section of the report. Nelli
also campaigns for the UK Youth Climate Coalition as a member of the COP working group, with an aim to promote
climate justice internationally in the COP negotiations. She is going to take part in the Pre-COP youth event in Milan,
where she hopes to highlight themes around loss and damage as illustrated by this report.
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(I) Four Types of Ecosystem Services

Four Main Types of Ecosystem
Services

Definition Example/value points

Supporting Ecosystem services that are
necessary for the production
of all other ecosystem
services

Nutrient cycling, soil formation, primary
production

Provisioning The products obtained from
ecosystems - the most
economic of the four types of
services

Supply of food, timber, fiber, fuel and
water
Often have market value, although
failure of these services can cause NEL

Regulating The benefits obtained from
the regulation of ecosystem
processes

Climate regulation, flood regulation,
disease regulation, water purification

Cultural The non-material benefits
people obtain from
ecosystems

Aesthetic, spiritual, educational,
recreational

(Source:http://uknea.unep-wcmc.org/EcosystemAssessmentConcepts/EcosystemServices/tabid/103/Defa
ult.aspx)

(II) Economic valuation methods

Economic valuation methods can be used to derive a monetary estimate of the non-economic value of an ecosystem
service, either through the use of behavioural (revealed preference) and attitudinal (stated preference) methods
(Fankhauser et al 2014). The most appropriate ones for ecosystem services are reviewed here following Fankhauser
et al (2014):

Revealed preference methods; when non-economic value is linked to the market in some way
- Hedonic pricing (useful for estimating land value or benefits for clean air and water)
- Travel cost method (useful in estimating the recreational value)

The strength of revealed preference methods is that they are based on actual market behaviour rather than
hypotheticals. Then again, not all ecosystem services are so closely linked with the market that they could be valued
using the revealed preference methods. Therefore, we can use stated preference methods that are more flexible
but rely on hypotheticals. Therefore, the shadow prices may not be seen as legitimate using stated preference
methods.

Stated preference methods;surveys asking people about their view of value, can be used to estimate all kinds of
non-economic services

- Contingent valuation (asking people their willingness-to-pay)
- Choice experiments
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Case Study on Hurricane Katrina

Data on different valuations of wetlands ecosystems

Source Methods Location Services accounted for Valuation ($ ha-1 yr-1)

(Costanza, 2008) [Ambio]
The value of coastal
wetlands for hurricane
protection

Value-transf
er

Louisiana Storm damage reduction $1,748.8 [2003 $]

(Camacho-Valdez, 2013)
[Mexico]
Valuation of ecosystem
services provided by
coastal wetlands in
northwest Mexico

Value-transf
er

Northwest
Mexico

Water quality
Flood control

$27,578
$10,250
…
$39,721 [2003 $]

(Brander, 2006) [meta]
The Empirics of Wetland
Valuation: A
Comprehensive Summary
and a Meta-Analysis of the
Literature

Meta-analys
is

Global $1,200 [1995 $]

(Costanza, 1997)
[nature]
The value of the world's
ecosystem services and
natural capital

Meta-analys
is

Global Storm protection
Waste treatment
Water supply

$4,539
$4,117
$3,800
...
$14,785 [1994 $]

(Schuyt, 2004) [WWF]
Living Waters: Conserving
the Source of Life – The
Economic Values of the
World’s Wetlands

Meta-analys
is

Global Amenity/recreation
Flood control
Recreational fishing

$492
$464
$374
...
$1,776 [2000 $]

(De Groot, 2006)
[Ramsar]
Valuing wetlands: Guidance
for valuing the benefits
derived from wetland
ecosystem services

Meta-analys
is

Global $3,274 [2000 $]

(Costanza, 1989)
Valuation and management
of wetland ecosystems

Willingness-
to-pay,
Energy
analysis

Louisiana $8977–17000 per acre
[1989 3% discount rate]
$2429–6400 [8% discount rate]

(Bergstrom, 1990)
Economic value of
wetlands-based recreation

Louisiana Recreation $110

(Farber, 1996)
Welfare loss of wetlands
disintegration: A Louisiana
study

Louisiana Commercial fishing
Storm protection
Property loss

$8,437-$15,763 [ha-1]
[various discount rates]

(de Groot, 2012, TEEB
2013)
Global estimates of the
value of ecosystems and
their services in monetary

Global Waste treatment
Habitat
Disturbance regulation

162,125
17,138
5,351
...
300 - 887,828 [$ 2007]
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units Mean of $193,845

(Heimlich,1998)
Wetlands and Agriculture:
Private Interests and Public
Benefits Appendix I —
Valuation Studies Summary

Global $129,271 [$1992, 6%, 50 yr acc.
period]

Our Findings

Impact Extent Source

Lives Lost 1,330-1,833 (HSC, 2006) - (Knabb, 2006)

Homes 300,000 rendered uninhabitable with some towns
destroyed
completely.

Many remained in temporary shelters for over a
year.

(HSC, 2006)

(Knabb, 2006)

Migration Over 1.2 million were ordered to evacuate. Many
never returned.

770,000 displaced

(Knabb, 2006)

(HSC, 2006)[49]

Fishing Economic damages of $191 million and $224
million for commercial
and recreational fishing boats in Louisiana,

respectively.

Damages of around $1.1 billion and upwards of $2
billion (when
including effect of Rita) on the wider fishing

industry

(Caffey 2007)

(Buck 2005)

Tourism 1,409 tourism and hospitality-based businesses
in Louisiana to shut down after the storm,

affecting 33,000 hospitality-based
employees

(Ryu et al 2013)

Health Elevated bioaccessible concentrations of lead,
heavy metals and
organic compounds which pose a long-term

exposure risk to residents of
downtown New Orleans

(Plumlee et al., 2007)

Cultural
Loss

Loss of essential documentation (HSC, 2006)
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Ecological
Damage

“Severe”.

More than 8 million gallons of oil was spilled, less
than half
was recovered.

5,000 acres of habitat in the lower Mississippi
River were
impacted by 10 major oil spills.

More than 133 million tons of inorganic
sediment/debris was
deposited in the wetlands by Katrina and Rita.

(Michot, Wells and Chadwick, 2007)

(Davis, no date)

(Impact of Hurricanes Katrina, Rita, and Wilma on
Commercial and Recreational Fishery Habitat of Alabama, Florida,

Louisiana,
Mississippi, and Texas, 2007)

Case study on Cyclone Sidr
Existing Data on Sundarbans, Bangladesh

Source Information

(Paul, 2009) ● It is the largest mangrove forest in the world.
● It has an area of 2,316 square miles (6,000 square km), traversing both southwestern Bangladesh and the

southeastern coast of West Bengal, India. In the Bangladesh side, the Sundarbans mangrove forest spans
53.3 miles (85.3 km) north of the Bay of Bengal, ranging from border with India on the west to the Baleswar
River on the east.

● This region is "the least populated area in the country and has been the focus of a major reforestation effort in
recent years", with some settlement seen in the northern part while the southern part largely unpopulated.
According to a demographic record of upazillas in the Sundarbans region in 2001 (an upazilla is the lowest
administrative unit in Bangladesh), its population density is fewer than 200 persons per square mile.

● It is marked by a diverse range of flora, fauna and aquatic life. The records have thus far captured over 270
species of birds, 35 species of reptiles, 42 species of mammals (e.g. the famous Royal Bengal tiger), and 400
species of fish.

(Barua et al.,
2010)

● "The Sundarbans mangrove ecosystem produce a huge amount of fish for the community and many people
from near and far from the forest area do fishing in and around Sundarbans round the year. The leaves of
golpata (Nipa fruticans) are harvested by local community for thatching purpose. The Sundarban mangrove
reserve has a great economic importance for Bangladesh and provides livelihood options for 300,000 people."

(Islam et al.,
2020)

● This study focuses on the Kalapara area in the Southwestern coastal region of Bangladesh and provides a
general description of existing ecosystems there.

(Hossain et
al., 2018)
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(Rahman &
Rahman,
2013)

· Approximately 18 per cent of households of the southwestern coastal zone are dependent on
resources of the Sundarbans, for example, fish, shrimp, molluscs, crabs and medicinal plants
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