Introduction: Accounting for biodiversity loss
1. Ecosystem services and biodiversity loss

The way people are thinking about biodiversity is changing. For a long time the main arguments made for the conservation of species and habitats has been based on issues such as their evolutionary uniqueness, their rarity, or on the extinction threat they may face. Today, the argument that we need to maintain the biodiversity that we find on earth is also being made in terms of how it directly benefits people – that is how biodiversity contributes to their well-being or quality of life. Once we focus on this important link, questions about the costs of biodiversity loss to Society become paramount.
One way of looking at the relationships between biodiversity and the benefits that people gain from ecological systems is in terms of what is known as ecosystem services. These are services which fundamentally depend on the properties of living systems, ranging from individual species to habitats. They cover such things as the production of food and fibre, the regulation of natural processes such as flooding, and the cultural qualities of which help define an area’s ‘sense of place’, and which can be important for recreation and tourism. The significance of such ecosystem services for human well-being has been highlighted by the publication in 2005, of the Millennium Ecosystem Assessment (MA), which reported that at global scales, 60% of the services examined in the study (15 out of 24) are being degraded or used unsustainably. Human activities have been responsible for most of the damage – largely through the effects it has had on the biodiversity and the integrity of ecological systems. Box 1 describes in more detail the types of ecosystem services recognized in the Millennium Ecosystem Assessment, and the way they have changed in the recent past.
2. What is biodiversity loss?

The term biodiversity is used to describe a number of different things. Often it is used to refer to the richness of living organisms in an area. In this context, biodiversity loss can simply mean the reduction in numbers in a plant or animal population found in an area or in the most extreme cases, their extinction. However, the term biodiversity loss can mean other things too. It can also refer to the genetic diversity within populations, and the diversity of habitats and ecological communities in which species occur. We depend on the structure of these ecosystems and the ecological processes that operate within them for the production, regulation and cultural services on which people depend. Human impact can undermine or change the productivity of ecosystems, the way nutrients cycle within them, or alter the balance between different species groups, so that the capacity of these systems to deliver ecosystem services is undermined. Thus biodiversity loss does not only mean the loss of species, but also the loss of ecosystem functioning (Box 2). 

The output of ecosystem services for society therefore depends on both the range and quantity of ecosystems and their quality. Taken together, the quality and quality of ecosystems determines their capacity to generate the benefits for people. Understanding the implications of biodiversity loss is as much about tracking the way in which the quantity and quality of ecosystems change over time, as describing in scientific terms the links between living organisms and the services they provide. 

Ecosystem Accounts can help us to do this. They are tools that we can use to describe systematically how the quantity and quality of ecosystem ecosystems and the ecological structures and processes that underpin them, change over time. Ultimately they can help us understand the costs of such change to people, either in monetary terms or in terms of risks to their health or livelihood.
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This report illustrates how we can use them to look the resources wetland ecosystems provide. It pays particular attention to coastal wetlands in the Mediterranean basin. It will show how ecosystem accounts provide a basis for developing policy and a framework for looking at different management options and strategies. Although the focus of the report is wetlands, this approach can be applied to all types of ecosystem. In the long term we will need them to make sure that society takes better account of ecosystem services and the biodiversity that gives rise to them, and that the value of these services are included in our decision making (Box 3).
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3. Wetlands and the services they provide

Wetlands are a particularly important ecosystem in which to look at in order to explore how the costs of biodiversity loss to Society take better account benefits they provide in our decision making.
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Globally, wetlands supply an important flow of ecosystem services that contribute to human well-being. These services include not only food, freshwater and building materials, but also protection from flooding and coastal erosion, carbon storage and sequestration, and opportunities for tourism. Many wetland areas have enormous cultural significance for people. Although is hard to quantify it has recently been suggested
 that a ‘conservative’ estimate of their value be around $3.4 billion per year (Table 1). 
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At global scales wetlands represent a very diverse set of ecosystems, providing many different types of service. In this report we focus only on the coastal systems found in the Mediterranean basin. Table 2 list some of the important services that have been identified in this study as important in these areas. The classification broadly follows the approach of the MA, although we have refined it to highlight those which show a particularly strong link to biodiversity. These are the ones most sensitive to biodiversity loss and in this report we have focused upon them to examine what kinds of cost might be arise if the integrity of the ecological systems that underpin them is undermined. 
Although the wetlands of the Mediterranean Basin are only a small subset of all wetlands, they nevertheless provide an important and valuable case study in which the ecosystem accounting approach can be developed and tested. In Europe we are relatively well placed in terms of the data resources available to describe these systems, and the analytical resources needed foe the present work can be mobilised relatively quickly. It is important to note, however, that the approach to describing and understanding the consequences of biodiversity loss and ultimately the costs that loss have for society is a generic one, which can be applied both to wetlands elsewhere and any other ecosystem on which people depend. 

At global scales wetlands are amongst the most threatened ecosystems as a result of drainage, land reclamation, land conversion, pollution, and overexploitation, and those found in the Mediterranean are no exception. As a result it has been estimated that more than half of all Mediterranean wetlands have been lost (IUCN, 2002)
. Salt marshes, for example, have been progressively ‘reclaimed’ and converted to arable or industrial land. Nevertheless, many important areas remain, and in some areas people’s livelihoods are closely linked to the health and integrity of coastal wetland systems, particularly in southern Mediterranean countries. Along the North African coast, for example, MedWet
 reports that fish and shellfish remain a significant source of protein for many people, and that in many other part of the Mediterranean, fishing for direct household consumption or for sale in local markets is still a common place. 
4. The causes of biodiversity loss and the loss of ecosystem services

The Millennium Ecosystem Assessment explains the reasons for biodiversity loss and its impact on ecosystem services in terms of indirect and direct drivers of change. Indirect drives are broad-scale influences such as climate change or agricultural markets that, in the context of biodiversity and ecosystem services, change environmental conditions or the way people and society behave. The direct drivers are the more immediate influences on that affect the distribution, structure and dynamics of ecological systems, say through land management decisions.

Wetlands are amongst the most productive and biodiverse terrestrial habitats (Ref…MA chapter inland water). They are also amongst the most sensitive to the various direct and indirect drivers of change. Coastal wetlands are amongst the most sensitive.  It has been estimated
, for example, that generally about 30 to 50% of the area of Earth’s major coastal environments have been degraded in the last 20 years (check?), a loss which far exceeds those suffered by the tropical forests – largely as a result of the pressure that such areas are under in terms of human use and development, and the vulnerability of these systems to outside factors.
There are many examples from the wetlands of Europe which illustrates just how quickly they can be degraded, with a consequent impact on human well-being. The major drivers of change include the loss of the sediment needed to sustain them through the damming of rivers that supply them, the over-use of water upstream and changes in their hydrology, land use changes which have resulted in the draining of large areas of land and its conversion for intensive agricultural production or urban development, eutrophication and pollution, the introduction of alien species as well as overharvesting of fish stocks and the general loss of the biodiversity associated with such areas due to the modification of habitats. 
In wetlands, the effects of these drivers of change on human well-being and prosperity include: the increased vulnerability of human populations to flooding as the water storage capacity of wetland areas is diminished; the loss of wetland areas as ‘nutrient sinks’ that help buffer and purify the waters entering the marine system; the loss of wildlife areas and their associated recreational potential.  As we face the problem of dealing with climate change, the loss of wetland areas has also diminished services such as carbon storage that might be important for our future. 
Wetland ecosystems might be particularly sensitive to the direct and indirect pressures arising from the impacts of human development and environmental change – but they are not unique in this respect. Many of the ecosystems that we find both in Europe and other parts of the world are under such pressures, and if we are not in the long term to lose the benefits they currently or could in the future provide, we need better ways of monitoring their fate, and using this type of information more effectively in our decision making. Ecosystem accounting is one such tool, and in this Report we explain just how it can be used.
5. Linking Biodiversity, Ecosystem Services and People
The study of the links between biodiversity and ecosystem services is a relatively new field. It is also a particularly challenging one because it requires us to connect up different disciplines and integrate understandings across a range of subject area. A exciting new idea that arises once we start to think about the connection between ecological processes and the needs of people is that we have to think of ecosystems in much broader ways – that is as coupled social and ecological systems – that is socio-ecological systems (SES) (Folke et al. 2003)
.  These systems are said to be ‘coupled’ because each component depends on and influences the other. And if we are to understand how they work, we need in investigate in detail how people interact and shape the environment thorough their management actions and cultural practices, as well as looking at the underlying biophysical processes themselves. The task is a particular challenging one, because as Erikson (2007) notes
, despite their mutual dependencies, the interactions between the social and ecological components and highly uncertain and unpredictable outcomes.

Wetlands in Europe provide us with some particularly good examples of these ‘cultural landscapes’ and are therefore especially valuable in helping us to think some of these ideas through. This report will show how socio-ecological systems can be defined and mapped, and how we can use them an accounting units within which we can begin to understand the costs of biodiversity loss. 
As we look at ecosystems in general and the importance of the link between biodiversity and the services that the environment provides it is important to distinguish those services which have a stronger or weaker link to the activities and characteristics of living organisms. For example, many coastal wetlands in Europe, such as the Camargue, are important for the production of salt. The industry depends on the evaporation of saline waters in the lagoons of the delta, and while this fundamentally depends on natural processes, it is not really an ecosystem service in the strict sense of the word – more a service provided by a particular type of landscape. The mechanisms that generate most ecosystem services have at their core ‘biodiversity’ that is living organisms that are responsible for, or support the output of, some benefit to people. 
An especially important challenge that anyone interested in looking at the links between biodiversity and ecosystem services is how change in biodiversity affects the delivery of any particular service. The mechanisms and relationships linking the different ecological elements that give rise to the service can be complex, and so we cannot assume that there is a simple and direct relationship between the two.  Understanding these relationships, or what some people call these ‘production functions’, is key to successfully calculating the costs of biodiversity loss. 

The kinds of issue that arise when looking at the links between biodiversity and service output is illustrated by recent work on coastal ecosystems in Thailand
. It had been assumed, for example, that the value of the output of ecosystem services, such as shrimp farming, costal protection, wood and fish products from coastal ecosystems such as mangroves, salt marshes, sea grass beds, near-shore coral reefs, and sand dunes was related to the area of these habitats in a simple linear way. Instead it was found (Box 4) that if the wave attenuating characteristics of these areas are taken into account, the value of the services for different kinds of beneficiary changed in a non-linear way, such that the rate of increase in value was much less at larger areas. The conclusion from this study was that if the relationships were indeed like this then it may have profound implications for land use decisions when seeking to reconcile the needs of conservation with those of development.
The coastal ecosystems of Thailand, like the wetlands of the Mediterranean, described in this study, are good examples of systems that can provide many services to people at the same time. These multifunctional ecosystems present particular challenges for managers and policy makers, because it if often difficult to reconcile the different needs that people have for the services associated with them or to calculate the exact costs of biodiversity loss though its impact on the different service systems that might depend upon them. 
Chapters 1 and 2 of this report look at the ways in which we can represent the multiple services that may be associated with an area of wetlands, as part of a much wider discussion about how we characterise services and value them. Ultimately economic valuation of ecosystem services can help decision makers to identify the main trade-offs among ecosystem services and how they might be viewed by different stakeholder groups. For example, the introduction of Eucalyptus in Mediterranean wetlands for paper production has impacted on aquifers and hence water supply in these areas. As a result, it has been decided in some places that these plantations should be eliminated – but this may lead to the loss of income from honey producers, whose bees use them as an important nectar source. 
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6. The Ecosystem Approach and ecosystem accounting
The Ecosystem Approach (EsA) emerged as a focus of discussion in the international policy community who were concerned with the management of biodiversity and natural resources in the 1980s and early 1990s. It was suggested that a new focus for decision making was needed that would deliver more integrated policy and management that had previously been achieved. The idea has now come to be a central element of the Convention for Biological Diversity (CBD), which in 1995 adopted it as the ‘primary framework’ for action (IUCN, 2004). According to the CBD, the EsA:
“….places human needs at the centre of biodiversity management. It aims to manage the ecosystem, based on the multiple functions that ecosystems perform and the multiple uses that are made of these functions. The ecosystem approach does not aim for short-term economic gains, but aims to optimize the use of an ecosystem without damaging it.”

A decade on, challenge we still to face is to find  effective ways of describing to managers, policy makers and the people who own or use different kinds of ecosystem, how these multiple functions relate to each other, how they are changing and what significance these changes might have. A key theme promoted in the principles formulated by the CBD is that decision making should take full account of the value of ecosystem services. The land and ecosystem accounting framework described in this study is one way that this can be done.
Land and Ecosystem Accounts can be used to represent changes in our ‘natural capital’ in the same way that economic accounts can be used to monitor changes in the monetary wealth of organisations and countries. They operate in much the same way as conventional monetary accounts, in that we try to represent the stocks of different ecosystem elements, and processes that affect them, and how these changes affect the flow of benefits or service that arise from them. The concept is one that has been actively developed by the EEA for Europe
, and is one that is central to the development of integrated economic and environmental accounts being promoted by the UN
. Much of the background to this work is summarised in Chapter 1 of this Report.
Broadly, Land and Ecosystem Accounts let us look at the ‘asset stocks’ that ecosystems represent and service or ‘benefit flows’ that they generate in two ways. First, most straight-forwardly, simply in terms of the physical units that are used to measure them. Thus the stock of a wetland ecosystem can be described in terms of its area, or a resource such as the population of a species that might be in terms of numbers or density. Similarly the production, regulating or cultural services that the system generates can be represented in terms of, say, the tons of fish harvested per day, the amount of carbon stored per year, or the annual number of visits to an area by people for recreational activities.
The second way that ecosystem accounts can represent asset stocks and flows is in monetary terms. This is, however, by no means easy, because of the nature of many of the ecosystem services themselves, and the attempt to devise robust ways to make such valuations is now a major focus of debate in both the research and policy communities.
The reason why it is important to try to put monetary values on ecosystem services is that we might more easily compare them. This is particular useful when dealing with multifunctional systems, like wetlands, where ecosystems give rise to a whole bundle of benefits – and we might want to see how the value of the total package changes in the light of some development or external pressure. It also makes the comparison between different areas a little easier. However, the task of monetary valuation is made difficult, however, because many ecosystem services are not traded we cannot use this kind of information as a guide to the worth of an ecosystem.
Production services are perhaps the easiest to deal with, since they are often commodities in themselves, which can be traded in some kind of market, or at least they are part of commodities that are. However, not all production services can be valued in this way. Throughout the world, for example, many the food wetlands generate underpin the subsistence livelihoods of farmers and fisherman. Even in Europe, the ‘informal’ or ‘wild foods’ that wetlands provide can be of great significance culturally. These types of service, like most regulation and cultural services are generally referred to as ‘non-market’ services, and to value them other approaches are needed. Chapter 2 of this report describes how we can handle these types of service and value them in greater detail. 
The valuation of ecosystem services is a complex issue, both for those who attempt to make such calculations and those who use the results in decision making. Certainly estimates of the value of wetlands, like those shown in Table 1 should be considered carefully. A number of points need to be made about them. First, their accuracy is highly dependent on the quality of the underlying biophysical data that underlies them – for example unless we have robust estimates of the area and condition of different wetlands, then it is impossible to accurately ‘scale up’ to aggregated values from individual case studies. For example, Schuyt, and Brander, (2004) suggest that the total, annual value of wetlands could be as high as $70biooion/year , if the estimate of the global area of wetlands used in the Ramsar Convention is used. One of the contribution that ecosystem accounting can make is that it can help provide a systematic and consistent set of biophysical data on which estimates of value can be built. 

A second point that needs to be made about the estimates of value like those shown in Table 1, is that they are heavily dependent on the sorts of information people have available to them at the time estimates are made. For example, wetlands are now valued much more highly because of the services they offer in terms of carbon storage and sequestration now than they were a decade or so ago, because of what we now know about the possible impacts or likelihood of climate change. Physical accounts thus provide something of a more ‘constant basis’ on which estimates of value can be based as people’s attitudes and needs change. 

Thirdly, such figures cannot be used simply to suggest that this would be cost of biodiversity loss, if these ecosystems were totally destroyed or transformed by human action. The figures themselves are annual estimates for the value of outputs, and the total costs would be much higher since this level of income would be lost every year there after. The scale of the loss that is calculated depends on how we value or ‘discount’ the future. As Chapter 3 of this report explains, perhaps the best way of using estimates of value is to look at them in terms of the relative or marginal changes different decision making strategies or scenarios describing alternative plausible futures. This type of analysis can help us understand the changes in the costs of maintaining the outputs from ecosystems and people’s well-being in the face of the direct and indirect drivers that impact upon them.
Because many ecosystem services have no simple market value, these ecosystems are often not given sufficient consideration in decision-making. The final point that needs to be made about estimates such as those shown in Table 1, are that they are probably underestimates, because not all of the services associated with them were used in the calculations.  What ever the case, it is clear that as a result, because we do not always know even how the relative values of ecosystems might change, the effects of direct and indirect pressures on these systems that can lead to their degradation and destruction are not managed. Their full costs to society are never calculated. While traditionally in the context of wetlands decision-making has only considered the value of those ecosystem services that have a markets value, today it is more widely acknowledged that the non-market benefits that they provide must be taken into account.  The approach to ecosystem accounting described in this report shows how this can be done.
7. How do we calculate the costs of biodiversity loss?

Whether we use physical or monetary units to describe the ecosystem stocks and service flows, accounts are essential for calculating the costs of biodiversity loss to society. Even if we cannot put a monetary value to the decline in some service such as flood protection, a change in, say, flood frequency can be quantified and its implications for people or communities considered. Moreover, even if society finds it difficult to put a precise monetary value on the total outputs of services from an ecosystem, it is possible to look at the costs of restoring ecosystem function or maintaining it as part of the debate that decision makers and stakeholders must have when looking at future options. In this report, therefore, we take a very broad interpretation of what ‘costs’ mean.
Thus in constructing ecosystem accounts we have sought to describe both the quantity and quality of ecosystem assets in physical terms, and to use new types of indicator to identify how the health of these systems is changing under different types of external pressure. These indicators of ecosystem health can also be used to look at the effectiveness of restoration efforts. In order to make the results as useful as possible, however, we also make a first attempt to estimate the costs of protection and restoration. This is an important basis for accounting and provides a framework for subsequent forecast studies – because in looking at the question of the costs of biodiversity loss we need to know how these costs might change under a range of  possible futures. For example, on the basis of the evidence provided by the case studies covered in this Report, we might consider the relative benefits of eliminating the effects of current European Agriculture Policies which encourage the intensification of land use in wetland areas, or the effects of adopting new measures to control water extraction, overharvesting, or encourage greater stakeholder participation in management decisions.

Report will therefore be of direct relevance to the ‘Stern-like review’ for biodiversity loss, in that it will not only provide an example of the impact that human activities have had on an ecosystem that is important and valuable in its own right, but also describe an evolving methodological framework that will be an essential tool for decision makers in the future.






Table 1 (after Schuyt, and Brander, 2004)
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Box 1: The Millennium Ecosystem Assessment Approach and Key Findings





The MA highlighted the links between ecosystem services and the elements of human well being in the graphic below. The strength of the arrows indicates the importance of different aspects of the relationship.
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The MA went on to look at the way the key services had changed historically through a series of global and sub-global assessments. The results are summarised as follows:
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An upwards arrow indicates that the condition of the service globally has been enhanced and a downwards arrow that it has been degraded


Supporting services, such as soil formation and photosynthesis, are not included here as they are not used directly by people. 








Box 3: The ‘Accounting Model’
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If ecosystems are regarded as assets that provide benefits to people, then we can think of describing them, and the way they change of over time, in terms of an ‘account’ similar in structure to those used to calculate our financial situation. Over time the stock or quantity of a habitat may change as a result of the balance between the processes that destroy or restore it, and the quality of the stock carried over may change as the functionality of the system is transformed by other impacting factors or pressures. Accounts are a way of describing these changes in both in physical terms using different kinds of indicator of ecosystem integrity and health, and ultimately in terms of the monetary values we place on these assets and the changes in stock





Table 2: Services associated with Mediterranean Coastal Wetlands








Provisioning�
Food�
Hunting prays�
�
�
�
Food gathering�
�
�
�
Fishing�
�
�
�
Seafood�
�
�
�
Livestock �
�
�
�
Agriculture�
�
�
�
Aquiculture�
�
�
Materials�
Fresh water�
�
�
�
Salt works�
�
�
�
Construction materials ("Arids")�
�
�
�
Fiber crops�
�
�
�
Tree plantations�
�
�
Forest related�
Timber�
�
�
�
Fuel / wood�
�
�
�
Cork�
�
�
�
Pines�
�
�
Plant-related�
Genetic resources�
�
�
�
Medicinal & cosmetic plants�
�
�
Physical support�
Communication�
�
�
�
Housing�
�
Cultural�
Amenity�
Recreation�
�
�
�
Tourism/Ecotourism�
�
�
�
Landscape beauty �
�
�
Identity�
Sense of place�
�
�
�
Cultural heritage�
�
�
�
Religious / spiritual�
�
�
Didactic�
Education / interpretation�
�
�
�
Scientific research�
�
�
�
Traditional Ecological Knowledge�
�
Regulating�
Cycling�
Soil retention & Erosion control�
�
�
�
Hydrological regulation�
�
�
�
Saline equilibrium�
�
�
�
Pollination for useful plants�
�
�
�
Climate regulation�
�
�
Sink�
Soil purification�
�
�
�
Waste treatment�
�
�
�
Water purification�
�
�
Prevention�
Flood buffering�
�
�
�
Pest prevention�
�
�
�
Invasive species prevention�
�
�
�
Air quality�
�
�
Refugium�
Habitat maintenance�
�
�
Breeding�
Food web maintenance�
�
�
�
Nursery�
�



Note: Those services shown in bold show a strong and direct relationship to biodiversity. Those in italics have weaker links and are more associated with the physical, social and cultural characteristics of the area.





Box 4: Values of shrimp farming in Thailand as a function of mangrove area under different assumptions about wave attenuation effects of wetlands of different sizes (after Barbier et al., 2008).
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Explain results further…
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