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The Cost of Policy Inaction (COPI)
The case of not meeting the 2010 target

The COPI project

This Summary presents the results of the studifbé& Cost of Policy Inaction (COPI): The
case of not meeting the 2010 biodiversity tafget

In the context of the environment, the cost of gplhaction is defined as: the environmental
damage occurring in the absence of additional patic policy revision. Inaction not only

refers to the absence of policies, but it alsorsefie the failure to correct misguided policies in
other areas. The costs of policy inaction may leatgr than just the environmental damage, if
the same inaction also creates societal and ecermoiblems.

The COPI project is part of the European Commissisommitment - as mentioned in the
Biodiversity Communication Action Plan (COM(2006®21EC, 2006) — to“Strengthen
understanding and communication of values of natcapital and of ecosystem services, and
the taking into account of these values in thegydliamework, expand incentives for people to
safeguard biodiversity”The results of this study feed into the procesthefReview on the
Economics of Biodiversity Loss, which is being paegrd under the aegis of the German
Presidency of the EU with a view to being presemtethhe Convention of Biological Diversity
(CBD) COP-meeting to be held in May 2008".

The report is available dtttp:///ec.europa.eu/nature/biodiversity/econonmcEx.en_htm
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1. Introduction

The urgency of addressing the loss of biodiversity

Biodiversity is the diversity of species, populap genes but also communities, and
ecosystems. It is both a factor in and an indicafothe health of all ecosystem processes.
These processes form the environment on which @gen including people, depend. Direct
benefits of ecosystems to humans such as foodetinckean water, protection against floods,
and aesthetic pleasures all depend on biodiveragydoes the productivity and stability of
natural systems. The majority of ecosystems invibeld have been seriously modified by
humans.

Historic and future development of global biodiversity
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Figure 1 Historic and future development of globhlodiversity

The 2010 Biodiversity policy target, as agreed a3 (World Summit on Sustainable
Development) in 2002 and adopted by the partigbeaConvention on Biological Diversity, is
an important goal for biodiversity management. glubal target is tosignificantly reduce the
rate of loss of biodiversity by 2010Until a measure of control is achieved on thiical
drivers, most declines seem likely to continuehatsame or increased rates, although there is
evidence that biodiversity loss is slowing or evewgovering for some habitats (such as
temperate woodlands) and species (birds in the ¢eaig biomes, for example). Some of this
positive news can be attributed to the effect ofseovation policies.

A large proportion of the world’s terrestrial speirichness is concentrated in a small area of
the world, mostly in the tropics. Homogenizatiohe tprocess whereby species assemblages
become increasingly dominated by a small numbewidespread, human-adapted species,

represents further losses in biodiversity thatadten missed when only considering changes in

absolute numbers of species.

The economics of biodiversity loss and the cost pblicy inaction

Biodiversity loss implies loss of ecosystem goould services to the human economy, in other
words direct and indirect benefits to human weihbe These losses of contributions to the
economy have for a large part been the consequdnmeposefully converting natural systems
to food, timber of fuel producing mono-species gstmms thereby, to a some extent
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unintentionally, causing the loss of other ecosysservices, such as climate regulation, water
purification and outdoor recreation.

The purpose of estimating the costs of policy itwacts to highlight the need for actiqmprior

to the specific development and appraisal of poiistruments. COPI is therefore concerned
with problem identification, and with understandihg dynamics of ecosystem change and the
associated damage costs in the absence of newisedepolicy interventions. In practice, it is
valuable to present the costs of policy action imligative terms, in quantitative terms and
monetary terms — all the while understanding whatheof these covers, and therefore
presenting the results in context.

Objectives and political context of the COPI study

1.  An exhaustive inventory of the economic evaluaiof biodiversity so far.
2 To analyse and to present these evaluations ilmerent framework

3. To illustrate the impact of not meeting the 20@iddiversity target globally
4 To help setting priorities within the field ofbliversity conservation

The Environment Ministers of the G8 countries adl a® of Brazil, China, India, Mexico and
South Africa, the European Commissioner responéisiéhe Environment and senior officials
from the United Nations and the IUCN (The World Gervation Union) met in Potsdam in
March 2007. The meeting resulted in the announceneéna course of action for the
conservation of biological diversity and for cliraaprotection: The clear message of this
meeting is that we must jointly strengthen our endars to curb the massive loss of biological
diversity. It was agreed that we must no longeetéehature's database, which holds massive
potential for economic and social developnie(BMU-Pressedienst No. 077/07; Berlin,
17.03.2007). The so-called "Potsdam Initiative— I@&jical Diversity 2010" set in motion
specific activities for protection and sustainalde of biodiversity.

The COPI study is one of a series of studies beamged out under this initiative, with the aim
to contribute to what became the study of The Eouo® of Ecosystems and Biodiversity
(TEEB). The results of COPI feed into the Phasegbrt of the TEEB that is presented at the
CBD COP9 in Bonn in May 2009. Furthermore, the radtiogical insights will help form a
basis from which the TEEB phase 2 will build.

2 Methodology

The COPI approach
The key steps of the COPI Analysis are:

1. Develop projections with the OECD-scenario and IMAGE-GLOBIO-model of
changes in land use, biodiversity and ecosystewicgsrover the period to 2050.

2. Development of a database of valued ecosystem services that can be applied to the
land use changes.

3. Development of a spreadsheet moddhat allows the combination of the ecosystem
service values and the land use changes, and #igydactors based on a measure of
biodiversity of the land use types.

4. Complementary analysis of benefits and lossezcross other biomes than the land-
biomes in the GLOBIO model.

These steps are complemented by a policy analykish puts the OECD- baseline scenario in
a policy perspective and helps to clarify the disvier biodiversity losses.
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Step 1. Develop projections with the OECD-scenariand IMAGE-GLOBIO-model
Changes in land use and environmental pressuré¢dezhanges in biodiversity and ecosystem

functions which lead to a loss of ecosystem sesviddl these changes lead to loss of
economic value — the cost of policy inaction, tbst®f not halting biodiversity losfiqure 2.

OECD
Baseline
scenario

Change
in
Land use,

Change in
Economic
Value

Change
in

Climate, Biodiversity
Pollution,
: Water use H
International
Policies Change

in
Ecosystem
functions
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Figure 2 The Conceptual framework of the COPI study

« A Baseline Scenario is used to provide the pathefagconomic and social drivers and
associated pressures into the future as it is ¢éapeo develop without new policies. For this
COPI study, the Baseline scenario of the Orgamisafor Economic Cooperation and
Development Outlook to 2030 has been used (OECD@)20This scenario is broadly
consistent with exercises such as those by the @BD6) and UNEP (2007).

* The GLOBIO model, a typical Driver-Pressure-Statgéct framework was used to project
changes in terrestrial biodiversity to 2050 (Alkelazet al., 2006). The main indicators are
changes in land use and environmental quality @ednmean abundance of the original
species of an ecosystem (MSA), for all of the werldomes.

e The Millennium Ecosystem Assessment (MA, 2005a) besated a useful conceptual
framework and political commitment to put the vatiéiodiversity into decision making. It
has been a motor for new information on the valuleiadiversity and associated ecosystem
services; Based on the case material in the MArtepa set of generalized biodiversity-
ecosystem service relationships have been quahtiiesupport the estimation of future
monetary values of the services.

« The Total Economic Value framework (e.g. CBD, 200&3 been applied to frame the array
of economic valuation case studies, collected aadyaed as part of this COPI analysis. The
changes in land-use and biodiversity and assockgedces across the biomes and across
the geographic regions of the world were combinéith wer hectare monetary values for
ecosystem services. These values were based ontarenof literature review and some
primary research. A range of benefits transfer atiter data gap-filling techniques were
used and some developed to have a sufficient rahgembers for an indicative value of the
COPI.

Step 2. Development of a database of values

The data in the database are displayed in two:parts

» Part 1 is the core of the database. Estimates lbeee summarised in a seven-column table,
from which the values feed into the monetary bidared use sheeflable 1represents the
core structure of the Valuation Reference Database.

e Part 2 contains all relevant information that chtgases each value and the respective study
in detail, e.g. the actual location of the case\tu
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Table 1 Core structure of the Valuation Database
Used in COPI| Useabl | PPP-adjusted ESS Biome Landuse | Geographic
assessment | e value | usable values reference type region
1=yes EUR/h | EUR/ha adjusted# from ESS# ref to|# ref to|# region from
0=no a in the|by PPP to feedtable to| allow allow Globio (1-14)
year into matrix allow sorting| sorting  (1-| sorting  (1-
2007 (1-19) 13) 8)

Steps in filling the database:

« Data gathering: The search used existing databases, such as thenental Valuation
Reference Inventory (EVRI) to the extent possibiel @ literature search of scientific
databases (Web of Science, Agricola) for peer-mikpublications, as well as an internet
search for grey literature.

» Mean values for ecosystem functionAs a first step to reduce the complexity, mean eslu
for different Ecosystem Service-Biome combinatiansoss regions were calculated in Euro
for the year 2007 using the Purchase Power Paiitl/{adex from the OECD study.

 Min-max procedure: To assess the suitability of using the calculatedlamn values,
minimum and maximum values were identified for eacmbination and compared with the
mean. This allowed assessment of representativesmebshence transferability for each
ecosystem service-biome combination.

« Cross-check of single valuedndividual economic evaluation studies and thesuts may
not be representative for a specific biome. Thidbégause these studies are frequently
undertaken to highlight the importance of a speciicosystem service and to raise
awareness in the decision-making process. Thetsestithe studies have therefore to be
critically assessed by comparing them with relaedlies using expert judgement. In some
cases, hon representative “outliers” were takenbediore the averages were calculated to
avoid undue influence of extreme cases.

* Filling the gaps: Two scenarios were created — a partial estimato@mario, where there
was a lesser level of gap filling by benefit trarsfand a fuller estimation scenario, where
more (but not all) of the gaps were filled. Benéfansfer implies using values of known
situations (biome-land use / ecosystem services\tdtcreate values for similar situations.

3. Development of a spreadsheet model

A spreadsheet model was developed to allow comipuatabf economic values across biomes,
geographical regions and world totals by combimegtiof the case study based ecosystem
service values with the simulated land use charggesthe quality factors based on a measure
of biodiversity of the land use types. Systemagaddit transfers were used to fill gaps. This
COPI study has concentrated on the valuation of “fleavs” (the ecosystem goods and
services) rather than on valuation of the bioditgrstock”, so values per ha, per year are
computed. The COPI Value Database contains thec lasnetary values needed for the
eventual COPI assessment and thus representsrthefabhe COPI spreadsheet.

4. Complementary analysis of benefits and losses

For the marine biomes a scenario-study for theope2l000-2050 using the EcoOcean model
(Alder et al., 2007) was available. The resultsevadded to by literature data, e.g. from the
Millennium Ecosystem Assessment (2005b), which alas an important source for the trends
in biodiversity, ecosystems services and economliges for coastal and inland water systems.
A special study on Invasive Alien species was cotetlland an in-depth study of the forest
biome. A review of international policies has bemed to put the OECD- baseline scenario in
a policy perspective and to clarify the driverstbawdiversity losses.
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3. The OECD Baseline scenario and international pmlies

Population development

This COPI study has used the OECD Environmentalodkitto 2030 (OECD, 2008) as the

basis for information about future economic and dgraphic development. The Baseline
Scenario assumes that many aspects of today’s wanridin the same — not frozen in time, but
evolving along the same lines as today.

Global population, baseline
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Figure 3 Population development 1970 - 2050

The Baseline uses a so called “medium” populatimjegtion of the United Nations, which
shows a stabilisation of the world population atuend 9.1 billion inhabitants by the middle of
this century. Almost all of this increase will be developing countries. By 2050, world
demand for basic needs (food, drinking water, aired shelter) based on population increase
only, will have increased by about 50% comparetthéopresent. This increase in demand is the
direct driver for increase of crop production, captfisheries, aquaculture, bio-fuel production,
cutting and converting pristine forests and intiirsg grazing.

Economic development

GDP per capita in purchasing power parity, baseline
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Figure 4 Economic development 1970 - 2050

The economic undercurrents of the Baseline trermimbne to produce a modest, but
uniformly positive growth in real Gross Domestio&uct (GDP) for the world as a whole: the
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global average is 2.8% per year between 2005 ab@.20hina and India would see growth

rates of 5 per cent per year averaged over theempetiod. As in most economic scenario
studies, there is a lack of internal feedback ftbenimpact of the projected annual GDP on the
resources, which are the basis to “produce” GDPc@ifrse, GDP and changes in resource
availability have only indirect relationships. Adiigh the modelling for the OECD study is

more nuanced than assuming a fixed relation bet 2R and pressures on biodiversity, the
uncertainty in the Baseline leans to the side oferressures on biodiversity. Also, in a no-

new-policies future, the volume of economic acyivian be less, but also much more than
projected as Baseline.

Energy

The energy consumption for the OECD Baseline fallamore-or-less the 2004 World Energy
Outlook scenario of the International Energy Agenegjusted for small differences in
economic growth assumptions and for the higherggnerice trajectory adopted from WEO
2006. Final energy consumption increases from 2BME2000 to ca 600 EJ in 2050. All this
must of course be considered in view of the curdistussions about depletion of oil reserves
and price explosions. All sorts of shifts may happethe short and medium run, such as real
shortages of crude oil, consumer reactions to asing fuel prices, slowing down of the
phasing out of coal etc. This may have seriousequmesnces for efforts in the air quality, CO2,
and biofuels area and pricing in the carbon-market.

Food production

It is projected that up to 2030 global agricultysedduction will need to increase by more than
50% in order to feed a population more than 25%darand roughly 80% wealthier than

today’s. Although it is assumed that productivifyand will increase substantially, the global

agricultural area will have to increase by abouli® sustain this production, somewhat like
the current agricultural area in the US, Canada Medico together. These numbers of the
Baseline refer to 2030. For 2050, all this is pctge to show further increases. Currently a
food price explosion takes place, world wide, whiolay indicate future problems of

mismatches between demand and supply, even thqeghulation and protective policies are
important factors now.

Products from marine and coastal ecosystems ackasskixury food in developed economies
but for subsistence in many coastal communitigge@ally in developing countries, but also as
feed for aquaculture, pets and livestock. It is tb&tively high prices for these products,
combined with subsidies by governments, that makmeulture a feasible industry. The result
is that increasing scarcity of fish, rather thamisiag less pressure on the remnants of the
resource, acts to increase incentives to harvesttmaining individuals. The oceans have long
been a crucial resource for many millions of peppkpecially in developing countries. With
the changes in fish stocks of the last few decattes,lack of success in finding new
harvestable stocks, and the ever increasing sHafishoof lower levels in the marine food
chain, the prospect in the “fisheries for food’uaiion is quite dismal. The recent steep
increase in oil prices may make governments redensiubsidy policies.

The policy landscape

Regarding “protected area” policies for biodiversthe implicit assumption in the Baseline is
that its implementation will not substantially clgancurrent trends. Regarding trade in
agricultural products the assumption is that theik be no major changes. As to climate
change mitigation the Baseline assumes no posteKsggime other than the policies in place
and instrumented by 2005. The Baseline furtherrassithat the EU Common Fisheries Policy
and equivalent policies in other world regions, agmin place and continue to be implemented
as they are now. The analysis of the current pdicyscape indicates clearly that several
sector policies still provide substantive incengiveo continue and increase short-term
economic growth at the expense of long-term enwvivemtal sustainability and maintenance of
biodiversity.
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4. Changes in Biodiversity

Global change of terrestrial biodiversity 2000-2050

By the year 2000, about 73% of the original gldiialdiversity on land was left. The strongest
declines have occurred in the temperate and trbgieaslands and forests, the biomes where
human civilizations developed first. By 2050 anitiddal 11%-points will have been lost. In
some regions losses may run up to an additional20its.

Biodiversity loss in 2050 since 2000 (Mean Species Abundance)

MSA loss (%)
[ > 30%
[ 20-30%
[ 1020%
[ s10%
[ Jos%
|:| no decrease
Source: MNP/OECD 2007

Figure 5 Biodiversity (Mean Species Abundance)d4d2000-2050

Of the remaining biodiversity on land, more tha®® in polar, tundra and desert regions,
providing very little provisioning services, buillstmportant as habitat for many plant and
animal species, genetic resources and relevarteirgiobal climate system. So, by 2050, the
world will have to make do with about half of theginal biodiversity.

Rate of Biodiversity loss in OECD-EO baseline

MSA-change (% point/yr)

00T T B B Word total
[ ] Europe

014

0.2+ Global 2010 reference

03+
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05—
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period

Date: 21-mrt-2008

Figure 6 Rate of Biodiversity loss 1700 — 2050

The global annual rate of loss increased dramétigathe twentieth century, and especially in
Europe, in comparison to previous centuries. Tlss late for Europe in the period 2000-2050
is expected to decrease, while the global avertijensreases. This implies that neither the
CBD’s global 2010 target (significantly reducingethrate of biodiversity loss), nor the

European Union’s 2010 target (halting the lossiofliversity) will be achieved.
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The Mean Species Abundance (MSA) indicator

In the COPI study, a model framework and biodivgrsidicator were used for assessment of
terrestrial biodiversity dynamics which are abler¢flect the impacts of the most important
direct and indirect drivers: the extent of bionae®sl ecosystems, trends in abundance and
distribution of species, protected areas, nitroggposition, climate change and fragmentation.
The biodiversity indicator chosen for use in theRZGtudy is the Mean Species Abundance
(MSA), as used in the GLOBIO model and the IMAGEniiework (B. ten Brink, 2006;
Alkemade et al., 2006). This measure of mean spemirindance (MSA) is similar to the
Biodiversity Intactness Index (Scholes and Big@#)53) and is a composite of the CBD 2010-
indicator ‘the abundance and distribution of a ctele set of species’.

The process of biodiversity loss is generally cbimased by the decrease in abundance of
many original species and the increase in abundainedew other -opportunistic- species, as a
result of human activities. Extinction is just thest step in a long degradation process.
Countless local extinctions precede a potentidlalfglobal extinction. As a result, many
different ecosystem types are becoming more ance ratike, the so-called homogenisation
process (Paulet al, 1998; B. ten Brink, 2000; MA, 2005b). Decreaspagpulations are as
much a signal of biodiversity loss as rapidly exging species populations, which may
sometimes even become plagues in terms of invasiodsnfestationsfigure 7 illustrates this
process of changing abundance (indexed) of theinatigspecies from left to right). The
Convention on Biological Diversity (VII/30) has cfen a limited set of indicators to track this
degradation process, including the “change in abood of selected species”.

Process of biodiversity homogenization expressed by the MSA indicator

Time

100% Lol m e m P ol 4
MSA " i
I [l = MSA o

]l
" il w1111

abcdefgh — » xyz abcdefgh — 5 xyz abcdefah - » Xyz
Original species of ecosystem

[ ] Natural range in intact ecosystem —— Mean Species Abundance, relative to natural range

[ ] Abundance of individual species, relative to natural range

Figure 7 Species dynamics during the homogenisatiomcess, and the response in the MSA
biodiversity indicator.

The MSA indicator has the advantage that it measuhe key process, is universally

applicable, and can be measured and modelled wittive ease. In the GLOBIO model,

biodiversity loss is therefore calculated in temhshe mean species abundance of the original
speciefMSA) compared to the natural or low-impacted stateis reference is used here as a
means of comparing different model outputs, ratkiean as an absolute measure of
biodiversity. Themean species abundance (M@#aYlobal and regional levels is the sum of the
underlying biome values, in which each square kdtven of every biome is equally weighted

(ten Brink, 2000; UNEP, 2003, 2004).
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Trends in the marine biome

Fishing pressure in the past century has been thatithe biomass of larger high-value fish
and those caught incidentally has been reduce®%b dr less of the level that existed before
industrial fishing started. Loss of biomass andrnanted habitats have led to local extinctions.

Crashed

Over-axploited

Underdevaiopad

L] ] wra s THA) med

Figure 7 The unsustainability of global marine fighies 1950- 2000

The scenarios that were analysed indicate that euthent trends or increased effort whether
for commercial or recreational fisheries all leadcbllapses in stocks and ecosystems; they
differed only in their rates of decline. The fubirsequences of this unfolding drama have not
sunk in at the highest policy levels yet, as carinberred from the slow implementation of
protective measures in marine systems and themt@iion of subsidising policies.

Trends in coastal ecosystems

Figure 8 Coastal systems around the world

Worldwide, some 1,200 major estuaries have beettifalal and mapped, yielding a total area
of about 500,000 square kilometers. There has lseeubstantial loss of estuaries and
associated wetlands globally. In the United Stdtesexample, over 50% of original estuarine
and wetland areas have been substantially alt&atmarshes and coastal peat swamps have
also undergone massive change and destructionherhtitey are within estuarine systems or
along the coast. Peat swamps in Southeast Asia thasined from 46-100% in countries
monitoring changes.
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Mangroves are trees and shrubs found in intertid@mles and estuarine margins that have
adapted to living in saline water. About 15.2 roitli hectares of mangroves currently exist
worldwide, with close to half the global area foundust five countries: Indonesia, Australia,

Brazil, Nigeria and Mexico. Many mangrove areasehéecome degraded worldwide, and
habitat conversion of mangrove is widespread. @iverlast 25 years, 3.6 million hectares of
mangroves, about 20 percent of the total extemdan 1980, have disappeared worldwide.

Coral reefs exhibit high species diversity and\akeied for their provisioning, regulating, and
cultural services. Reef formations occur as bameefs, atolls, fringing reefs, or patch reefs,
and many islands in the Pacific Ocean, Indian Ocaad Caribbean Sea have extensive reef
systems occurring in a combination of these typdasny coral reefs are transformed from
productive, diverse biological communities into deted ones due to coastal construction that
causes loss of habitat as well as changes in ¢gastzesses that maintain reef life. In 1999, it
was estimated that approximately 27% of the workaiswn reefs had been badly degraded or
destroyed in the last few decades, although tlestlastimates are of 20% of reefs destroyed
and more than a further 20% badly degraded or unglainent risk of collapse.

The loss of coastal ecosystems is dramatic infjtgégth habitat and species populations
disappearing forever locally and some globallyislalso dramatic in light of the total marine
ecosystem collapse, as potential restoration is ¢nadicated as well. Estuaries and mangroves
are important breeding zones for marine species. cdmversion to food production sites, in
fact is, ironically, counterproductive.

Protected areas

The number and extent of protected areas have ibeezasing rapidly worldwide in recent
decades; they now cover almost 12% of global lard.aHowever, the biomes represented in
that coverage are uneven. Marine areas are unpiezsented in all categories of protected
areas. The CBD has set a target of conserving f¥eearth’s surface in formally protected
areas. Currently some 13% of terrestrial area, d0%rritorial waters, which is 0.7% of total
marine area, is protected. This is an increase 8d&% in 1990.

Robinson projection

Parks and Protected Areas
Terrestrial [ Marine

Figure 9 Protected areas around the world
« A focus on protected areas only is not enough ass?0% of threatened species occur

outside protected areas and some protected aredpager parks” and are not managed
and protected sufficiently well to guarantee thatlversity be maintained.
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Biodiversity loss at the species level

In 2006, the IUCN Red List of endangered speciagained 40,177 species, 16,119 (more
than 40%) of them threatened with extinction. Gf groups for which every species has been
assessed globally, 12% of all birds are classifisdthreatened, 23% of mammals, 33% of
amphibians, approximately 42% of turtles and tegsj 25% of conifers and 52% of cycads.

GREAT APE DISTRIBUTION OF THE WORLD

s ;
S e, {?ﬂrr: Lo
: 4 - ¥

Greal ape estimated maximum mnge
Bl sonoto
[ Cnimpanzee
Gorilla
El Crangutan

Source : Caldecott, J., Miles. L., tdti!NE]WuddA.lluMGuulipnlndﬂmll Conservation. Prepared
at the UNEP World @ Centre. U y of California Press, Berkeley, USA,

Figure 10 Dlstrlbutlon of the great apes

The great apes are our closest living relatives age among the most endangered species on
the planet. All are endangered and all are in dedrang-utansin Borneo and Sumatra have
declined by 75% to 93%, respectively, since 1900réMhan 70% of African great ape habitat
has already been affected by development, and BQ,40is predicted that less than 10% of
African great ape habitat will be free of disturbanMountain gorillasnumber onlya few
hundred but the sub-species is stable in a handful of-prettected areas in the Albertine Rift
area of central Africa. The surroundifgstern Lowland Gorillds much more numerous but
of much greater immediate concern due to huntingg @amed conflictsChimpsare more
numerous and more adaptable than Gorillas, butativeznds are negative; current continental
estimates range from 170,000-300,000, down fronestimated 1 million in 196(Bonobos
probably number fewer than 100,000 distributed litover a large area of the Congo basin.
They are hunted for food in many areas particularlymes of conflict and food shortage.

Invasive alien species

These species continue to lead to a wide rangecalbgical and socio-economic impacts
including changes in species composition and dyesrhiabitat characteristics, provisioning of
ecosystem services (e.g. provision of food, wagtgntion and regulation of erosion and forest
fires). Invasive alien species also have negatimpacts on health and cause damage to
infrastructure, e.g. by competing with other orgams (Japanese knotweed, Giant hogweed ),
predating on native organisms (Nile perch), causimgnction or displacement of native
species displacement of native species, toxic ¢toalgae blooms caused by alien
phytoplankton), a reservoir for parasites or a mefir pathogens (rainbow trout as a host for
the salmon parasite , signal crayfish which is ai@aand host of the crayfish plague) and
disrupting pollination (alien plant competes forlipators with the native species). IAS are
also increasingly seen as a threat to ecosystemicegrand negatively affecting economic
development and human well-being. The economictsffare related to the negative impacts
of IAS on various human activities, such as hintgmavigation by blocking waterways, and
causing damage to forestry and crops.
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5. Changes in ecosystem services

ECOSYSTEM SERVICES
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Figure 11 The Ecosystem services — Well being relaships (Millennium Ecosystem

Assessment , 2005a)

With conversions of natural ecosystems to othem$#oof land use, such as cropland, pasture
land or urban land, or by unsustainable fishingdbeans, or converting coastal mangrove to
shrimp farms, the total flow of services in a reygie altered. The changes often bring short-
term economic benefits but longer-term costs. Maation of provisioning services such as
food, fish and timber has caused the loss of ai#daintact ecosystems and biodiversity and
thus with the capability of these systems to previdgulating services such as climate and
flood control, and air and water purification (degures 12 and 18 The publication of the
Millennium Ecosystem Assessment (2005a) has besruimental in introducing the concept
of ecosystem services in all levels of environmleatad nature policy. It is not yet common
knowledge though, to what extent the social bemefiteconomic production are dependent on
the availability and quality of ecosystem servicasd in turn on ecosystem health and
biodiversity.

To produce food, timber and fuel, pristine ecosystevith a wide range of ecosystem services
are converted to single purpose land uses withtdosa of biodiversity and risk of total
degradationFigure 13illustrates the relationships between differerdsystems. In diagram 1,
the service levels in a natural ecosystem are thpto be in some kind of balance, fitting the
capability of the particular ecosystem. In the sekdiagram, the system has been converted to
extensive use foiood production, thereby decreasing the potential atdad service levels of
the other provisioning (energy, freshwater), retin¢a(climate) and supporting services (soil
protection). In Diagram3, representing an inten$oad production system, the other services
have been reduced to very low levels.

A set of simplified functional relationships for ogips of ecosystem services have been
developed to allow a bridge between the calculatade changes in areas and changes in total
biodiversity, and the wide variety of monetizatioase studies and estimates of economic
benefits Figure 14 . Summarising the literature and example disaisdmve, the following
reasoning underlies the shape of the curves. Obljipthese are generalised curves. Specific
situation will have specific versions of these gaitised curves.
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Figure 12 The stages of economic development andlaggioal degradation in forest and
grassland biomes.
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Figure 13 The loss of services in conversion of natlisystems to food production systems

degradation in forest and grassland biomes.
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Relation of Ecosystem Services, land use types and
biodiversity (MSA indicator)

Ecosystem et L
Service T T, .~ llustrative Sum of Ecosystem service values
Value -

Regulating service

(sum of components) ..

/ Cultural servicés;

recreation &
tourism

Provisioning Service
(max function)

Cultureal seryices
spiritual, education
(sum)

1 — MSA — 0
Natural Ligh[ use Extensive Intensive Degraded Urban
Figure 14 The generalized relationships between lamsk / biodiversity and ecosystem services.

» Provisioning services (P) There is no provisioning service, by definition,a pristine ecosystem.
With increasing intensity of use and conversiontloé structure, species composition and thus
functioning of the original natural area (MSA, mespecies abundance) decreases (from 1 to 0) and
the benefit flow (EV, ecosystem service value) iases. Adding labor, fertiliser, irrigation, pest
control etc. will raise the gross benefits, andsguyg the net.

e Regulating services (R):Regulating services are complex processes at ¢hsystem level. As
ecosystems are converted, their regulating secéapability drops more or less proportionally with
the decrease of MSA along the range of land usestyp

e Cultural — recreation services (Cr): A crucial feature in the valuation of the recreaéil services of
ecosystems is accessibility. The service value theréncreases from low value at pristine systems t
high values in accessible light use systems andbaegjuent drops to low values for degraded
systems.

« Cultural — Information services (Ci): Most of the other cultural ecosystem servicesthpd values
are a function of the information content whicly@nerally decreases with the degree of conversion.

The relationships between the levels and qualityocofsystem services on the one hand and the
biodiversity and other indicators of ecosystem fioming are known in a general sense. The
fields of agricultural science, forest ecology, amatdoor recreation management all have
extensive knowledge of necessary conditions, plessitks and optimal use strategies. Less
well known is the specific relationship betweenesited level of service and the minimum
required biodiversity, and the sensitivities to i@ in biodiversity under the various local
conditions. Also still largely unknown are the cdexities of multiple use of ecosystems.
What is clear, though, is that it is essentialaket account of theet change in servicess
some benefits may increase while others get lastehsing one particular local service with
private benefits generally leads to losses of #ggonal or global services with public benefits.
It is also essential to assess tia benefits of changeas many human interventions require
additional energy.

Social and economic consequences of changes in gst&sn services

It is estimated that 1 billion people worldwide atependent on fish as their sole or main
source of animal protein, while fish provided mdnan 2.6 billion people with at least 20

percent of their average per capita animal prdteake. Similarly, water scarcity is a globally

significant and accelerating condition for 1-2 ibill people worldwide, leading to problems
with food production, human health, and economigtigoment.
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6 The Cost of Policy Inaction — in Monetary terms

Introduction

The evaluation challenge is well exemplified by tfiecited Costanza et al (1997) study. This
study focused on providing an estimate for thel tanomic value of Nature’s services. Their
result - $ 33 trillion as a value for ecosystemviees, as against $ 18 trillion for global GDP -
was criticized on the one hand for extrapolatingrgimal valuations to entire global
ecosystems (as economic values estimated for snaatjinal changes are not valid anymore
when dealing with big changes), and on the othmarpking “a significant under-estimate of
infinity” (Toman, 1999). The COPI study aims, jugte Costanza et al., to highlight the
importance of the value of ecosystem services @&lversity to society and the importance of
the loss and urgency of action to halt the loss,ithdoes so by looking at the marginal losses,
and the value of the loss of flow of services. Ehare, of course, still a wide range of
assumptions to arrive at this value. The COPI aimlgimed not just at calculating some
illustrative numbers, but aimed to create and teshethod and develop insights for the
methodology to be use in the phase 2 evaluatiorthef Economics of Ecosystems and
Biodiversity (TEEB) work.

Box 6.1 COPI values: Welfare, GDP and interpretitige numbers

It is important for understanding the COPI assess$ite appreciate that the COPI costs fare
actually a mixture of cost types — some are aatoats, some are income foregone (e.g. |lost
food production), some are stated welfare costp muilding on willingness to pay (WTR)
estimation approaches). Some directly translateriminey terms that would filter directly into
GDP (gross domestic product); some would have fatteihdirectly, and others would not be
picked up by GDP statistics (which themselves arly @conomic statistics and not fully
representative of welfare or wellbefigThe combined COPI costs should be seen as welfar
costs, and for the sake of ease of comparisoniaee gs % of GDP.

The core elements of the COPI analysis:

COPI Core Step 1: Data for land-use change over thgeriod 2000 to 2050.

The underlying values within the GLOBIO work wersed; these combine two elements -
change in land-use (s¢able 2 and a loss of quality of the land due to climateange,
pollution, fragmentation — which is representedtliy mean species abundance (MSA) index
used in the model. Both elements form a basish®mntonetary evaluation.

Table 2 Total Area by Land-use; Global total aggregdtacross all biomes

Actual 2000 2050 Difference
Area Million km2 million km2 2000 to 2050
Natural areas 65.5 58.0 -11%
Bare natural 3.3 3.0 -9%

4.2 7.0 70%
Extensive agriculture 5.0 3.0 -39%

11.0 15.8 44%

0.1 0.5 626%
Cultivated grazing 19.1 20.8 9%
Artificial surfaces 0.2 0.2 0%
World Total * 108.4 108.4 0%

! See also Sukhdev et al (2008) The Economics ofy&tems and Biodiversity. An Interim report.
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Core Step 2: Develop and populate a matrix of ecostem service values across land-uses
for each biome (and for each region)
Key issues are: data coverage, meaning of the dataction of suitable cases to develop
representative picture of ecosystem service valoesand use and biome, and populate the
matrix. As regards data coverage, there are diftdewvels of information for different regions,
different biomes, different ecosystem service typesd also for different value types. To
populate the matrix entailed four key steps:
e Do a literature of ecosystem service values,
« Develop representative values from the data advaila
« Own analysis to develop ecosystem service valusgred out for forestry biomes by
the COPI Team,
* Gap Filling, to address gaps in ecosystem servigeegs by land uses, biomes,
geography and into the future.

Core Step 3: Gap Filling for ecosystem services was within a biome — across landuse
types:

The data from the literature did not give enoughailen different values for different land
used within a given biome and a range of approaatees used by the COPI team to fill these
gaps. The first significant gap filling was carriedt to develop values for different land use
types within a given biome. In general, the evatumtlitterature provided a value for
ecosystem service for a given landuse type withiioane (usually for natural areas that were
being studied). If only these were to be applibdntthere would be too many gaps to derive a
total value for the change in landuse.

Core Step 4: Gap Filling for ecosystem services auss biomes:

The available data from the literature also leadsame gaps in ESS values for some biomes.
In some cases it is clear that there are servindstlaat these are broadly similar between
biomes. Where a broad relationship was establishable values from one biome were
transferred to another.

Core Step 5: Applying “Conventional” Benefits trander:

A “conventional” benefits transfer approach wasligppto address the gaps in ESS coverage
for geographic regions, and across time. For teaimgf values across regions, GDP (in
purchasing price parity (PPP) terms)/capita rabiesveen countries was used for where the
ecosystem service salues were judged to bestredlative incomes — and where the good was
seen as a global good with market prices (eg tijrthercommon global values were used (ie a
transfer ratio of 1).

Core Step 6: Extrapolation of “today’s” ecosystemservice values into the future.
Extrapolationinto thefuture from current numbers is an important andessary step in the
analysis and one that is by its nature risky angrétise Leaving numbers at today’s levels (in
real terms) would lead to major weaknesses in tliputs —world population growth, income
level growth, change in societal preferences, anteased competitions for limited and decling
natural resources will each affect value. Henceragsions are needed to attempt to take these
into account.

Core Step 7: COPI Analysis: Combine the land usehanges with the values for
ecosystem services (ESS) under each land use focleaegion to derive values for the
change in ecosystem services.

In the year 2050, the land coverage of naturalssaea of (natural) forests will have decreased
relative to the reference year 2000, as there is/@msion to intensive agriculture and to
plantations for biofuels. There will therefore beslaft from the ESS from natural areas and
forests to ESS from intensive agriculture and @iaons, and hence a trade-off between the
different provision of services. To arrive at au@for the changes, the loss of area covered by
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natural areas is multiplied by the range of relévesosystem services for which values are
available, the same is then done for forests, anldet post conversion land uses and a picture is
developed of losses and gains. This gives theimo2850 from what land use there would been
for that year. There will, of course be gaps, aadde it is important to be clear as to what is
not covered and the influence of the gaps. Thdoize for both the partial estimation and the
fuller estimation scenarios.

Core Step 8: Ecosystem services (ESS) are alsot ladere there are reductions in the
quality of the land.

As an ecosystem is degraded generally this leadsléss of ecosystem services. To capture
these losses, the land-use and coverage in tHey@aaof the analysis (2050) is taken (million
hectares) and multiplied by the value of the sewim that year (as per earlier analysis and
method steps) and then multiplied by the loss ofAMi&dex between 2000 and 2050 for the
land use. The average hectare of grassland woulg prduced greater services in 2000 than
in 2050 where the modelling suggests that pollyt@imate change and fragmentation, have
led to quality losses. This calculation thereforglds on a broad assumption that the MSA
broadly reflects the provision of services, at fegisan aggregate level. The use of broad
relations (generally and specifically for ESS) abwiously important assumptions, and hence
the MSA aspect of the evaluation is presented s¢ggrfrom the land-use. Note, of course,
that the level of individual services does notdallthe MSA pattern generally and hence were
given different treatment in the gap filling. Astiwiother assumptions, not treating quality
losses would lead to an arguably unacceptable mépei COPI assessment of what the impact
of biodiversity loss is, at the same time includingpises questions as whether the approach is
the best one.

Results: analysis of land-use change

For the fuller estimate the welfare losses from ltdss of ecosystem services amount to 545
billion EUR in 2010 or just under 1% of world GO 2010. This amounts to around 50
billion Euros extra loss per year, every year. By @, the loss is “grown to” 545 billion EUR
that year, for the land based ecosystems alone. ddntinues to increase until by 2050, the
opportunity cost from not having preserved our ratoapital stock, is a loss in the value of
flow of services of $14 trillion (thousand billipa year (se¢able 3. The opportunity costs
will continue to rise beyond that as long as biedsity and ecosystem losses are not halted.
This then is the cost in the case that the 20-&tas not met.

Table 3 Annual Loss in 2050The value of ecosystem services that would have figg@@ mankind
had biodiversity not been lost & remained at 2002810 levels.

Value of Ecosystem service losses - Annual Billigda0"9) EUR lost
Fuller Estimation Partial Estimation Fuller Estimation Partial Estimation
Relative | Relative to | Relative Relative Relative | Relative Relative | Relative
to 2000 2010 to 2000 to 2010 to 2000 | to 2010 to 2000 | to 2010
Billion Billion Billion Billion % GDP | % GDP | % GDP | % GDP
Area EUR EUR EUR EUR in 2050 | in 2050 in 2050 | in 2050
Natural areas -15568 -12703 -2119 -1679 -7.96% | -6.50% -1.08% | -0.86%
Bare natural -10 -6 -2 -1 -0.01% | 0.00% 0.00% 0.00%
1852 1691 258 213 0.95% | 0.87% 0.13% | 0.12%
Extensive Agriculture -1109 -819 -206 -141 -0.57% | -0.42% -0.11% | -0.08%
1303 736 307 143 0.67% | 0.38% 0.16% | 0.09%
381 348 55 50 0.19% | 0.18% 0.03% | 0.03%
Cultivated grazing -786 -1181 -184 -215 -0.40% | -0.60% -0.09% | -0.13%
Artificial surfaces 0 0 0 0 0.00% 0.00% 0.00% 0.00%
World Total (Land-
based ecosystems*) -13938 -11933 -1891 -1518 -7.1% -6.1% -1.0% -0.8%
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The cumulative losses will be equivalent to aroidfd of global consumption by 2050. This is
a conservative estimate for three main reasonst i) only partial, as not all ecosystem
services are valued - significant ecosystem lossen coral reefs, fisheries, wetlands, and
invasive aliens are not included 2) the estimateshfe rate of land use change and biodiversity
loss are fairly conservatigewith the rate of loss estimated to slow 3) valdesiot account for
non-linearities and threshold effects.

There are important losses that we can expect¢ardo the next 50 years, and these relate
primarily to the conversion of natural areas ansbabf extensive agriculture to intensive
agriculture, managed forestry, more grazing and waisody biofuels (note that biofuels based
on agricultural crops is within the agriculture Hap Overall, the analysis suggests that
without halting biodiversity loss, the world in 2DShall benefit much less from the flow of
ecosystem services than in 2000. The loss in thed the flow of services by 2050 would be
equivalent to between 1% to 7.1% of GDP each yeae\2000 to be taken as the biodiversity
level of reference, and between 0.8% and 6% if 20@fe to be taken as the reference point
(which due to continued incurred losses since 2@ii0course, has a lower worldwide
biodiversity value left than 2000). The loss inualof ecosystem services in 2010 of not
having halted biodiversity loss at 2000 levels stimated to be equivalent®tbetween just
under 1% of GDP. These values related to the losEesrvices from land based ecosystem
services alone, i.e. not taking into account mafisteeries, coastal, wetlands, coral reefs or the
impact of invasive alien species (IAS). The totabgl loss across ecosystem types shall in fact
be much greater.

Losses across regions

The variation across regions relates to the chamgiee land-use patterns within each region,
quality losses for land in the region, differeniues for ESS across the regions and, when
compared to national GDPs, the variation in nati@@Ps. While the welfare losses presented
as an average of global GDP is 7%, the welfareekdsie to ecosystem and biodiversity losses
in the regions range from very small (MEA) to 1786Africa, 23 to 24% in Brazil, other Latin
America & Caribbean and Russia, and highest in raliatNew Zealand. A significant share of
the losses is due to loss of the value of carboragé, and hence a global loss rather than one
felt directly by the local populations. Water regfion, air pollution regulation, cultural values
and tourism losses, however, do affect nationalfatipns. The loss of these services make up
more than half of the losses in Australia and Ne&lZnd, but carbon storage losses make up a
large share of losses in the other regions.

When seen from an absolute loss (Billion EURS) pofrview, the regions most affected are:

= North America: 3.4 trillion (10"12)EUR loss in 205@m lost natural areas and overall
2.9 trillion EUR (10712) loss in the High estimatiecenario for 2000 to 2050.

= Africa: 3.15 trillion EUR (10712)loss in 2050 frotost natural areas, and overall near
2.4 trillion (10712) loss in the High estimatioresario for 2000 to 2050.

= and then other Latin America & Caribbean, Russtagr Asia, and Europe, and then
Brazil and China, where losses are of the ordet tifllion EUR in each (more in the
earlier first countries in the list (e.g. Russighmear 1.5 trillion) and less in the last
(China with 0.8 trillion EUR). (See table 6.9 fitails.)

In other words, most regions of the world face @mesilosses of ecosystem services from
biodiversity loss.

% The projection follows from the calculated losdes to a “middle of the road” economic and demogi@@ECD
baseline scenario.

% The actual numbers are welfare numbers and nttede will translate into actual GDP loss. In otherds, actual
GDP as measured and reported might not be 1% lower.
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BOX 6 . 2 : D |ffe rent Ways Of p resenn ng the Annual Loss of economic value of ecosystem services that would have been
. . . available had biodiversity remained at 2000 levels. Estimate for 2050.
scale of the COPI of biodiversity loss — T

example for the forestry biomes T

There are several ways of representing t \K Sericsha woud
losses for ecosystem services over a tir — i "“’“‘“““‘K;';Z“
period, with each different approacl senice Level \
responding to different audience”

it I I11]
>
—1a noan

perspectives. The COPI approach focus —
primarily on the estimation of the loss ¢ Losses
benefit arising from the cumulative losses 1 into the

future

biodiversity over the period to 2050, b
looking at the value of the loss of ecosyste N
services in a given year, here 2050. This is an " 2°5°

indication of the scale of the benefits from biaasity that our children or grandchildren would not
appreciate due to the loss of biodiversity dueht c¢urrent generation’s inaction. The schematic fo
this value is presented below - A.

There are, however, other ways of presenting thgevaln the financial sector there is a preferdoce
looking at the market capitalisation of the losvatue due to the future loss of services due $e tf
ecosystems and biodiversity. This can be preserged‘net present value” (NPV) of the future stream
of loss of value from one year's loss of natur Valuation and Ecosystem service losses
capital. As, however, the loss of biodiversitydar A year's biodiversity loss leads to ecosystem
hence ecosystem services continues into the futi e  Services losses into the future: B

the losses add up, and this can be presented by

aggregated loss. The schematics for theses va ::m o J

are presented below — B and C. For the latter t?/o  |serviceoss the biodiversity is e the B

in one year service flow loss is lost forever

derive associated NPVs requires the applicatioa ¢ femlesof e vl
“discount rate”. Here two illustrative values ased inthat year
— a 4% real and a 1% real discount rate. The forr

is broadly a market discount rate as used in m

CBA, and the latter is a social discount rate thas

to integrate ethical issues of future generations.

2010 2030 2050

What is the value over the next 50 years of a gear'm

biodiversity loss today? Total for the forest bi@ame Valuation and Ecosystem service losses
Using a 4% real discount rate the net presentve Cumulative loss of Services from loss of
of the loss of ecosystem services is around ]  biodiversity over the period 2000 to 2050 - C
billion (1079) EUR for the partial estimate and 1.2""F"*"

trillion (10712) EUR for the fuller estimate. With o e o o
1% discount rate the values are significantly higt eI e

as the future value is less discounted. The par
estimate’s NPV is 377 billion EUR and the fulle
estimate at 3.1 trillion (10712) EUR. What is th
cumulative value over the next 50 years
biodiversity loss to 2050? The NPV of th
cumulative losses (the “total bill” for the losses
are:

d.r. 4% Partial estimate 4.1 trillion EUR Fuller **  ** 0 20
estimate 33.3 trillion EUR

d.r. 1% Partial estimate 11.8 trillion EUR Fulestimate 95.1 trillion EUR

There are several messages from this. First whichesg the cost of not halting biodiversity loss is
presented, the numbers are compelling and undehHm&eed for urgent action. Secondly, the choice
of discount rate plays an important role in thecpption of value in the present. Even a relatively
“low” (in conventional terms) rate seriously disods the perception of future value. This raises
ethical questions regarding what is an appropdhtéce of discount rate for societal evaluatiofbe
COPI study has sought to use the loss in a 2080@rumunicate the level and importance of the loss
and avoid the discount trap.
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Losses across biomes

The greatest losses are from the tropical foremhbs. The next greatest total losses are from
other forest biomes. Total losses from SavannaGuagsland are estimated to be less. Note
that the total values reflect the combination dfedent levels of the value of loss of ecosystem
services per hectare (which are also higher fguided forests than others), and total areas
lost/converted. For a range of biomes there haw b® estimations — particularly in the
partial estimation scenario, though also in théhigestimation scenario. This underlines that
the numbers should be seen as underestimates,tleduller scenario has a range of gaps,
both at the biome level, and at which ecosystewices are represented in the calculations .

As more information was available on ecosystemiservalues for the forest biomes and that
information was complemented by extensive additiorak to develop values for each of the
global regions without recourse, as extensivelybeoefits transfer techniques, further details
are given on the forestry biomes. The losses ofices from the change in landuse and
biodiversity for the 6 forest biomes together agaiealent to 1.3 trillion (10712) EUR (partial
estimation) and 10.8 trillion (10712) EUR (fullestimation) loss of value in 2050 from the
cumulative loss of biodiversity over the period Q0 2050. These numbers have been
calculated using values for 8 ecosystem servicdsen\tompared to the projected GDP for
2050, these values equate to 0.7% of GDP for tiéapastimate, and 5.5% of GDP for the
fuller estimate.

Losses and gains per ecosystem service type

Table 4shows the relative importance of losses (and gamgcosystem services and their
contribution to the total. Climate regulation, sajuality maintenance and air quality
maintenance are the main items, with climate raguiabeing sensitive to the carbon price
assumptions. Food, fiber and fuel are generallytipes with losses stemming from natural
areas and extensive agriculture as these are @hneonverted to intensive agriculture. Other
ecosystem services are not presented in the tak kither as not significant in the final
numbers (eg bio-prospecting), which often reflatis limits of data availability. As noted
earlier, these numbers should be seen as workinthers to illustrate the importance of the
issue and help clarify where additional researaheisded to advance the understanding of the
risk of loss of ecosystem services.

Table 4 Total Annual loss of value of various egsgem Services in 2050 (relative to 2000)

Water Cultural
Climate regulation, &| diversity,
Air Saoll regulation | water identity,
quality | quality | (i.e. purification heritage &
2050 relative to 2000: Food, mainten | mainten | carbon and waste Recreation &
Fuller Estimation Total fiber, fuel | ance ance storage) | management | ecotourism
World Total (Land-
based ecosystems*) | -13938 | 192 -2019 -1856 -9093 -782 -303
Natural areas -15568 | -383 -2025 -1778 -10274 -748 -291
Bare natural -10 0 -1 -1 -6 0 -2
1852 184 208 166 1188 70 31
1109 | -256 -56 -50 712 -23 -8
1303 746 38 41 448 21 6
381 29 33 30 270 15 2
Cultivated grazing -786 -128 -217 -264 -6 -116 -41
| Artificial surfaces 0 0 0 0 0 0 0

* (ExI Ice / Hot Desert)
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The importance of change in quality of the ecosystgs and ecosystem services

It is also useful to look at the relative contribut of land-use area change and ecological
quality changes to the total monetary losses. Tdmna@mic losses from loss of ecosystem
services associated with loss of natural areasbevadly similar for land-use changes and
quality changes. However quality losses are gelyermgative across land-u$e§ains are
mainly due to increases in provisioning servicasler and food and (bio)fuels). At raet
level the loss for land-use change is smaller than dloat to the quality change, given the
increases in provision from the managed foresgnisive agriculture, and woody biofuels.
Some would argue that the increased benefits frosh @onverted land uses should be ignored
in a strict COPI, but we concluded that it is bette present the details to facilitate a more
transparent reading of the results.

Key observations as to data inputs, methods, assutigns and interpretation

It is important to underline that the estimatedhsf COPI for biodiversity loss presented are
“rough” estimates. There is a wide range of gapsavailable data. There are more data
available for certain regions, biomes and ecosystemices than for others. This therefore
creates a cautionary note in too detailed an ing¢aiion of the results — the limitations need to
be borne in mind. Furthermore, the stepwise aralfsienario drivers-> pressures-changes )
does not allow a feedback of the economic impastite back into the OECD economic
model, and hence losses to the economy relatedotsystem service losses from biodiversity
losses do not link back to the OECD economic ptaas. Ultimately a feedback mechanism
would be required. Figure ? shows the differenhpaif (a) GDP growth and (b) population
growth and (c) ecosystems and biodiversity losaith @ssociated ecosystem service losses).

Valuation and Ecosystem service losses

In the context of GDP and Population forecasts
GDP, with feedback

Relative to 2000 GDP Forecast onh economic losses
(OECD Scenarios) from biodiversity
2000 losses integrated -

GDP:414$ rillion (PPP) (10M2) o~ «  illustrative

GDP/capita: 630$ (PPP)
Population: 6092 million

i

.....................
.....
"

Population

GDP adjusted for impact of .
biodiversity loss - ilitstrative

—— :>

Services that would have
been there, had biodiversity :>

— loss been halted

\
Ecosystem service ::> S—
level from declining
natural capital
) —
2000 2050

Sowrce: Fafrick ten Brink (IEEF), Leon Braar (Alferra), Mark van Ooorshot {MNF), Maft Rayment (GHE)

Figure 15 Economic projections, ecosystem senl@sses and economic consequences.

* There is one small exception - of a slight qyalise in intensive agricultural land. This is mpsobably due to
the influence of higher quality (MSA rating) of exisive land that is converted to intensive landlzemte entering
at a higher average MSA, compensating for othelitgjuasses to the intensive areas.
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Clearly as the natural capital is drawn down, amal level of services falls, society and the
economy also benefit less. Under current GDP sittisome of the losses will be translated
into GDP values directly (eg loss of output of &slks will be seen, when substitution
possibilities run out), other will impacts indirgcfas more expenditure on water purification is
needed to compensate for loss of natural puriboatiaking money away from other foci) and
a range will have no GDP impact (eg loss of cultuadues, option values, existence or bequest
values). A fuller analysis would allow a feedbackdke into account changes in inputs to the
economy from loss of ecosystem service outputs, emange on manmade inputs to
compensate for the loss (Eg growth in water puaifan, desalination). This will change the
overall numbers, but probably not the high leveksages. In addition were the carbon prices
to be added, then the value of maintaining forestgreserve the carbon store service would
likely lead to a different future land use scenariéence, if policy makers launch and enforce
measures then there is potential for a differeturéu

Other values of ecosystem and biodiversity loss tcomplement the COPI land
based analysis
Some examples to highlight the importance of teads are presented below.

* Coral reefs A recent review by the French Government found dewiange of values
from different studies for different aspects of teeonomic value of coral reefs. For
example, different studies have estimated the vafiecoastal protection at $55 to
$260,000/halyr; biodiversity and existence value$l® to $46,000/hal/yr; recreation and
tourism at $45 to $10,320/halyr; fishing at $12@G8®0/ha/yr; and total economic value at
$1,000 to $893,000/halyr. The latter estimate eslab Montego Bay, Jamaica, a popular
holiday resort and famous for its recreationahdiitis, such as diving and sailing.

« Wetlands: For Europe, an estimate for the total annual fldwecosystem services for
wetlands (Brander et al, 2007) gave a value ofl®bi(10"9) EUR/year. Averages values
per hectare ranged from hundreds of Euros per feedia countries with extensive
wetlands - Sweden, Finland, Ireland) to severalishads of Euros per hectare (generally
the case). These relate to a range of ecosysteritese The Zambezi Basin wetlands
provide over$70 millionin livestock grazing, almosk80 millionin fish production, and
$50 millionin flood plain agriculture. Carbon sequestrati®also a significant value.

« Another global estimate carried out concemmgasive Alien Species (IAS Pimentel |
(2001) developed an order of magnitude estimatiigblight the likely importance of
action on IAS — he and his colleagues estimatel & represents around $1.4 trillion per
year of impacts (equivalent to around 5% of GDWijthin the COPI study, an update of
the costs of IAS has been carried out, building diterature review.

» Forrecreation and the economic impact of tourist actiities, values can be very large.
For example, the economic impact of forest recosaith national forests in the USA, was
valued $6.8 billion in 1993 and 139,000 jobs in &98he wider contribution to GDP was
estimated at $110 billion/year. Total economic eadd fishing in national forests: $1.3-2.1
billion in 1996.

« Pollination: As regards pollination, Ricketts et al. found ttedue of bee pollination for
coffee production to be worth US$361/halyear, altiothe benefits were only felt by
producers located within 1km of natural forestiRits, 2004).

« A further Invasive alien species impact concerns #zebra mussel - this has led to
damage to US and European industrial plants. Cumelaosts for the period 1988-2000
have been estimated at between $750 million toiliarb

* For the ecosystem servicdi6chemicals, natural medicines and pharmaceuticals
found in tropical forests, the values for biopradpey have been estimated at ranging from
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$1/ha to $265/ha when employing a random seardhyding locations with the highest
biodiversity.

* For provisioning services marine capture fisheries, offer an impressivargla. Marine
capture fisheries are an important source of ecémbemefits, with an estimated first-sale
value of$ 84,900 million and important for income generation, with anreated 38
million people employed directly by fishing, and myamore in the processing stages. The
scale of this (and of course the scale of dependencfish for protein) underlines the
importance of not compromising this fundamentalsgstem service.

* Finally, carbon storage — this depends on carbon in the soil, in the tmegrass, the
isolation levels and the value depends on thesetlaadrice of carbon, which in turn
relates to a wide range of factor (political tasgetading mechanisms, supply and cost of
measures for CO2 reductions).

Synthesis across values

The COPI landcover based analysis derives a bretadf sestimates, with losses of ESS from

biodiversity and ecosystem loss represented atdestvi and 7.5% of global GDP loss every

year by 2050. This is a conservative estimateHard main reasons:

e it is only partial, as not all ecosystem services alued - significant ecosystem losses
from coral reefs, fisheries, wetlands, and invasiNens are not included

« the estimates for the rate of land use change mulivbrsity loss are fairly conservative in
the OECD-scenario and GLOBIO model, with the rdtkvss estimated to slow down

* values do not account for non-linearities and tho&s effects .

As regards the partial coverage, the range of gdloieother areas have demonstrated that that
values for fisheries, coastal areas, coral reetsvastlands/inland waters and invasive alien
species are all significant.

The exact monetary scale is not known and arguabtyknowable. The best that can be
achieved are orders of magnitude estimates thatdiatify and communicate the urgency of
action to avoid the problems. One should also befeghabout % of GDP estimates, as
ultimately there is significantly more to livelihdand wellbeing than GDP, and also average
figures hide important detail. A % GDP loss figunegds to be seen in the context of the level
of impacts on the individual, of population growgis. In some cases the destruction of a local
forest will hardly show up in % GDP terms, but itllvibe clearly felt by local communities
depending on the provisioning and other services fthat forest.

The scale of the ecosystem service losses undetlieimportant of improving understanding
of the losses better and seeing where this infoaomatan put halting biodiversity further up the
agenda, and also where the valuation informatian ma integrated into tools and decision
making to improve the evidence base of decisionkimgaand hence improve our governance
of natural capital, our natural heritage, and heipure that ecosystem and biodiversity loss is
halted.

7 Conclusions and recommendations

Changes in Biodiversity

The facts with respect to past losses of biodityeinfirm that there is an urgency for action.
Global averages, dramatic as they are, hide evere rdeamatic changes. Locally and

regionally the levels in many places are much highath much greater impact on the

livelihoods of societies The effect of trends sashthese is that approximately 60% of the

® Value to fishermen, does not include the valuesddalong the retail chain.
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earth’s ecosystem services that have been exarhiang been degraded in the last 50 years,
with human impacts the root caugaurther declines in global biodiversity as well lasal
extinctions of species are expected in the nextdesades because of continuing population
growth, economic expansion, conversion of natucalsgstems to human environments and
global climate change.

On a more positive notehd number and extent of protected areas have beseasing
rapidly worldwide in recent decades; they now caltaerost 12% of global land area. However,
the biomes are unevenly represented in that cogeMgrine areas are under-represented in all
categories of protected areas. Realisation of hggection is at risk with the increasing
pressure on land and resources due to the incgehaiman populations. A focus on protected
areas only is not enough as some 20% of threatgmeties occur outside protected areas and
some protected areas are “paper parks” and armawaged and protected sufficiently well to
guarantee that biodiversity be maintained. The GBGbbal Biodiversity Outlook 2)
analyses in 2006 already showed that full impleetort of the protected areas targets will
only decrease the biodiversity losses on land ByY2-points (compared to projected losses of
8-11% points). Whilst degradation is usually legthim protected areas than in surrounding
unprotected zones and many of the world’s flaggingiected areas are threatened by external
pressures and lack of adequate protection.

Changes in ecosystem services

Ecosystem services form the conceptual bridge lesti@ss of biodiversity and loss of welfare

and well being. With conversions of natural ecosyst to other forms of land use, such as
cropland, pasture land or urban land, or by unswée fishing of the oceans, or converting

coastal mangrove to shrimp farms, the total flowsefvices from ecosystems to humans in a
region is altered. While ecosystem conversion ofienerates substantial economic benefits
and improvements in human well-being, it also detates the capacity of ecosystems to
provide other services, in particular regulatingvees, that are essential for other groups of
people or for society at large. The changes oftelgishort-term private economic benefits for

a few people but long-term social costs for many.

It is essential for achieving sustainable use dfinah resources to understand the different
relations between ecosystem services and biodiyerand the trade-offs involved in a
conversion from one type of land use to anothethis leads to a different portfolio of
services. It is also essential to take accounh@hét changen services, as some benefits may
increase while others get lost in the conversioerdasing one particular local service with
private benefits generally leads to losses of megjior global services with public benefits. For
a full and relevant assessment, it is also quifgoitant to address theet benefits of changes
taking account of the energy cost of human intetiges in exploiting ecosystem services.

Change is economic value

The study has shown that the problem of the ecomamil social consequences of biodiversity
loss is potentially severe and economically sigaift, but that significant gaps remain in our
knowledge, both ecologically and economically, dktbe impacts of future biodiversity loss.
Further work is needed, which can usefully buildtbe insights gleaned in this first scoping
valuation exercise. The COPI study aims, just {ilastanza et al., to assess the importance of
the value of ecosystem services and biodiversityotmety and the importance of the loss and
urgency of action to halt the loss, but it doedgdooking at the losses from changes in the
stocks of natural capital, and the change in valuthe loss of flow of services that ensue.
There are, of course, a wide range of assumptieadad to arrive at this value— and there is a
specific COPI challenge in the route taken.

® http://www.chd.int/gbo2/
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The COPI analysis is aimed not just at calculatsogne illustrative numbers, but also at
creating and testing a method and developing itsifgin the methodology to be used in future
evaluations. The numbers here should thereforeeée as indicative and the insights from the
COPI evaluation challenge should be seen as oriel irsgut to the wider evaluation challenge
of The Economics of Ecosystems and Biodiversity EBE being launched at COP9.
Shortcomings in the COPI approach, and there néVitably be some, could therefore be seen
as challenges to be solved within the wider TEEB.

The results in methodological perspective

On benefit transfer

Transferring results from one area to another (fietvansfer) to develop regional or global
totals, presents a range of valuation challengeseSwill reject global numbers on the grounds
that they are fraught with too many assumptionseti@ccurate and hence credible. Others will
see them as helpful illustrative numbers to comicatei the importance of an issue and source
of inspiration for further evaluation to improveetlunderstanding, or source of argument to
contribute to policy making to help address biodiitg loss. The COPI team approach has
been to present both the cases and the illustrglol®l totals and explore what can and cannot
be defended methodologically and what could usehgl done in follow up research.

Monetary loss and GDP

It has to be noted that the monetary losses areruand future welfare losses, not a loss of

GDP, as a large part of the benefits from ecosysemwvices is currently not included in GDP,

and GDP includes monetary estimates of human gctiviwhich the welfare contribution is at

least dubious. Losses of our natural capital stxekfelt not only in the year of the loss, but
continue over time, and are added to by lossesbrexjuent years of more biodiversity. These

cumulative welfare losses of land based ecosys&wices could be equivalent in scale to 7%

of (projected) GDP by 2050. The 7% figure shouldéen as a conservative estimate, as:

e it is partial, excluding numerous known loss categy e.g. all marine biodiversity,
deserts, the Arctic and Antarctic; some ecosystemices are excluded as well (disease
regulation, pollination, ornamental services, etd)jle others are barely represented (e.g.
erosion control), or underrepresented (e.g. toyrismsses from invasive alien species are
also excluded;

e estimates for the rate of land use change and \moglly loss are globally quite
conservative;

« the negative feedback effects of biodiversity andsgstems loss on the development of
GDP are not accounted for in the model;

« values do not account for non-linearities and tho&sb effects in ecosystem functioning.

Losses across regions

While the welfare losses presented as an averagllodl GDP is 7%, the welfare losses due
to ecosystem and biodiversity losses in the regiange from very small in the Middle East to
17% in Africa, 23 to 24% in Brazil, “Other Latin Agrica & Caribbean” and Russia, and
around 40% in Australia/New Zealand. A significahiare of the losses is due to loss of the
value of carbon storage, and hence a global lagerdahan one felt directly by the local
populations. Water regulation, air pollution rediga, cultural values and tourism losses,
however, do affect national populations directliteToss of these services makes up more than
half of the losses in Australia & New Zealand, batbon storage losses make up a large share
of losses in the other regions.

Losses across biomes

The greatest losses are from the tropical foreshbs. The next greatest total losses are from
other forest biomes. Total losses from SavannaGwagsland are estimated to be less. Note
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that the total values reflect the combination dfedent levels of the value of loss of ecosystem
services per hectare (which are also higher fopided forests than others), and total areas
lost/converted. The losses of services from thengban landuse and biodiversity for the 6
forest biomes together are equivalent to 1.3drill{10712) EUR (partial estimation) and 10.8
trillion (10712) EUR (fuller estimation) loss ofalue in 2050 from the cumulative loss of
biodiversity over the period 2000 to 2050. Thesebers have been calculated using values
for 8 ecosystem services. When compared to thegsj GDP for 2050, these values equate
to 0.7% of GDP for the partial estimate, and 5@&%@DP for the fuller estimate. For a range
of biomes there have been no estimations — paatiguin the partial estimation scenario,
though also in the higher estimation scenario. Thiderlines that the numbers should be seen
as underestimates, even the fuller scenario haagerof gaps, both at the biome level, and at
which ecosystem services are represented in tbaladbns

Losses and gains per ecosystem service type

Climate regulation, soil quality maintenance andcaiality maintenance are the main areas
where there are ecosystem service losses, witlaimegulation being sensitive to the carbon
price assumptions. Food, fiber and fuel are gelyemsitive (gains seen here), with losses
stemming from natural areas and extensive agri@ils these are (generally) converted to
intensive agriculture. Some other ecosystem sesvdcenot come up as significant in the final
answer (eg bio-prospecting), which often reflebtsltmits of data availability.

Importance of change in quality of the ecosystenasexosystem services

The economic losses from loss of ecosystem serdsesciated with loss of natural areas are
found to be broadly similar for land-use changes quality changes. However quality losses
are generally negative across land-uses. A majterence is that there are positive gains to
some land-uses in the land-use change set of nsmbiis is due to the fact that all land-uses,
including conversions of natural land cover, hagesgstem services and it would not be
appropriate to completely exclude them. Gains aainiy due to increases in provisioning
services (timber and food and (bio) fuels).The ssm®ent of the impacts of changes in
ecosystem quality on the amount of services pravidémately relies to a large extent on the
scientific evidence collected and the assumptioadenin the valuation case studies used in the
matrix. Creative solutions, based on elaboratirgyaptions on the shape of the relationships
between biodiversity and the various types of sesjihave been developed to extrapolate and
fill data gaps.

Policy recommendations

The COPI results follow from a no-new-policy scénafmhey underline that such a scenario
would lead to substantial losses of services dubdaleterioration of our natural capital, and
that there is thus a high level of urgency for @ttio help address these losses. This would
inevitably require attention at many administratlegels in parallel. As noted in Chapter 3,
there are policies that directly focus on ecosystamd biodiversity, such as the Habitats and
Birds directives in the EU. There are also polidiegt focus on broader environmental issues
but have the potential also to be used to suppoitervation and sustainable use of ecosystems
and biodiversity, such as the EU EIA and SEA Dired. On the other hand, there are a
number of policies that continue to have directnalirect negative effects on ecosystems and
biodiversity, e.g. aspects of the EU common figkeand agricultural policies. Additionally,
there are several regions on the globe where pslioh conservation and sustainable use of
biodiversity are still lacking, thus even the pdiginto address unsustainable use of natural
resources is still rather limited.

The economic consequences of the loss of biodiyeasid ecosystem services, as assessed in
the COPI study, will need to be compared to theseqnences of actions to conserve them and
use them sustainably, based on appropriate scenaro order to develop full policy
recommendations. Presently, due to methodologitfdidties and patchy data on ecosystem
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services, most policy decisions with impacts ordhiersity conservation are not based on a
full assessment of costs and benefits.

The existence, use and improvement of valuatioorintion can be valuable for policy
making and policy tools in a number of areas. Viéduacan help in a range of fields:

* In providing information on the benefits of ecogyss and biodiversity, valuation can
help encourage the use of associated policy ingintsn such as payments for
environmental services (PES) and benefit sharing.

¢ In providing information on the costs of losseseobsystems and biodiversity, valuation
can help develop instruments that make peopletibagfit from the services pay for the
associated costs. Information can help, for exapgitengthen liability rules, elaborate
compensation requirements and looking again at lwhidsidies are needed and which
are harmful and no longer fit-for-purpose. Theralso potential in areas which at first
sight might not be obvious candidates for attentioior example, in the EU at the
Eurovignette directive, which currently does notrmi¢ pricing for environmental
externalities, but arguably should.

* Furthermore, information on the contributions obggstems systems to societal welfare
and economic activity, valuation can help with deam making - for example at the local
level the information can help with planning (digy. permit applications). At the regional
level benefits and costs can help with regionakttgument plans and associated strategic
analysis and help with investment allocations anidritisation. At the national level,
greater information on the interrelationships bemwecosystems and the economy and
society can help improve national accounts andbmalt policies that reflect a fuller
understanding of how natural capital benefits thentry.

In summary, there is a urgent need to look at Hmge of biodiversity relevant policies,
including related policy- and decision making pisses and evaluation tools, to see where
perverse incentives exist to damage ecosystem aodivérsity and where valuation
information can be used to create more environrtigrgiastainable policies.

Research recommendations
Areas for further study are:

» to widen the range of models and scenarios so assess the value of ecosystem and
biodiversity across all the main biomes and sesvice

« fill in data gaps on ecosystem service values -atpteor regulatory functions, and
other areas where values are non market.

« values of different Land use types within differbidmes.

e Dbetter understanding of the production functionghef different services and clarify
which elements are due to the contribution of radtecosystems rather than “man-
made” inputs such as fertiliser, pesticides, maatyimnd labour.

e better understanding the relationship between dosa and ecosystem service
provision changes.

« further understanding of ecosystem resilience jisttto changes in area, but also to
other pressures) and critical thresholds and hasetcould usefully be addressed in
evaluation and in policy making.

« the issue of substitutability of services andiitdts and ethical issues.

o further work on clarifying how other tools, such asisk assessment tools can
complement the valuation tool.

Finally, pragmatism will remain important evenligtvarious recommendations are all heeded
— there will always remain limitations as to whafuation can do, and what is theoretically
“pure”. In some cases practical assumptions areateéo develop the “big picture”. For the
wider objectives of looking at what incentives guudicy tools can help address the ecosystem
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and biodiversity loss challenge and how to gettjgali support to develop and apply these,
there is a need to see what level of accuracytisayg needed for the job at hand — in practice
there will be a need for a mix of small local numsbthat are accurate, and bigger numbers to
raise the profile, that need to be robust and parent, but where an order of magnitude
answer is “fit-for-purpose” for communicating theaportance of the issues and raising the
political profile and urgency for action..
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