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Appendix I  Some definitions of ecosystem services

Those who played key roles in the initial development and promotion of the concept of ecosystem services deliberately kept the definition broad so that the details could be developed by different stakeholder groups to suit their particular purposes. 74 This has led to a debate about whether or not standardised and more specific definitions are needed (see Section 4.1). Table 22 gives examples of some of the definitions that appear in key papers in the literature.

Table 22: Examples of how ecosystem services have been defined.
	Source
	Definition

	Daily (1997)74
	… conditions and processes through which natural ecosystems, and the species that are part of them, help sustain and fulfil human life

	ESA (2000)95
	… the processes by which the environment produces resources that we often take for granted such as clean water, timber, and habitat for fisheries, and pollination of native and agricultural plants

	Binning et al. (2001)34
	… the transformation of a set of natural assets (soil, plants and animals, air and water) into things that we value. For example, when fungi, worms and bacteria transform the raw "ingredients" of sunlight, carbon and nitrogen into fertile soil this transformation is an ecosystem service

	De Groot et al. (2002)81
	… ecosystem functions [are defined] as ‘the capacity of natural processes and components to provide goods and services that satisfy human needs, directly or indirectly’ [and] observed ecosystem functions are reconceptualized as ‘ecosystem goods or services’ when human values are implied. (This paper was one of the first attempts to separate intermediate processes from the final good and services received by humans so that typologies of ecosystem services can be aligned with economic and resource accounting approaches)

	SEEA (2003)229
	The System of Environmental-Economic Accounts (SEEA) is the statistical framework that provides internationally agreed concepts, definitions, classifications, accounting rules and standard tables for producing internationally comparable statistics on the environment and its relationship with the economy. The SEEA approach is being revised under the guidance of the United Nations Statistics Division.231 In the current (2003) SEEA handbook, ecosystem services are not formally defined but the following distinction is made between ecosystem services and ‘ecosystem inputs’, which for an important part of environmental-economic accounts: ‘There is an important distinction to be made between ecosystem inputs and ecosystem services. Ecosystem services are much wider and include the assimilative capacity of the environment and the provision of biodiversity. Ecosystem inputs are restricted to the substances absorbed from the ecosystem for purposes of production and consumption such as the gases needed for combustion and production processes as well as oxygen, carbon dioxide, water and nutrients. Unlike natural resources, ecosystem inputs are not easily identifiable in any of the products to which they contribute. Care must be taken not to count as ecosystem inputs any chemical substances, water, feeding stuff etc. which are a result of production’.

	Boyd and Banzhaf (2007)42
	Final ecosystem services are components of nature, directly enjoyed, consumed, or used to yield human well-being (another example of a definition that distinguishes intermediate products from end-products) 

	IPCC (2007)126
	… ecological processes or functions having monetary or non-monetary value to individuals or society at large

	Fisher et al. (2008 and 2009)
 ADDIN EN.CITE 

101, 102

	… the aspects of ecosystems utilized (actively or passively) to produce human well-being … the end products of benefit to human welfare … [including] ecosystem organization (structure), operation (process), and outflows, if they are consumed or utilized by humanity either directly or indirectly

	TEEB (2010)210
	… the direct and indirect contributions of ecosystems to human well-being

	Haines-Young and Potschin (2010)114
	… the contributions that ecosystems make to human wellbeing, and arise from the interaction of biotic and abiotic processes

	Maynard et al. (2010)150
	Ecosystem functions are … the biological, geochemical and physical processes and components that take place or occur within an ecosystem

Ecosystem services are … the benefits people obtain from ecosystems … [and] therefore the flows or outputs of [ecosystem] processes that are valued for their direct benefit to humans

	Johnstone & Russell (2011)128
	[Final ecosystem services are] biophysical outcomes which directly enhance the welfare of at least one human beneficiary

Intermediate services … are those conditions or processes that only benefit humans through effects on other, final services

	UK National Ecosystem Assessment (2011)228
	… the benefits that we derive from the natural world and its constituent ecosystems

	Lange (2011)137
	The Wealth Accounting and Valuation of Ecosystem Services (WAVES) programme (World Bank, United Nations Environment Programme and various partners) is the mechanism by which ways to include environmental information into SEEA are being investigated


Appendix II  Examples of ecosystem services typologies
Figure 26: Typology of ecosystem services and functions and potential indicators proposed by de Groot et al (2010).77
	Services comments and examples
	Ecological process and/or component providing the service (or influencing its availability) = functions 
	State indicator (how much of the service is present) 
	Performance indicator (how much can be used/provided in sustainable way)

	Provisioning 
	
	
	

	1  Food 
	Presence of edible plants and animals 
	Total or average stock in kg/ha 
	Net Productivity (in kcal/ha/year or other unit)

	2  Water 
	Presence of water reservoirs 
	Total amount of water (m3/ha) 
	Max sust. water-extraction (m3/ha/year)

	3  Fibre & Fuel & other raw materials 
	Presence of species or abiotic components with potential use for timber, fuel or raw material

	Total biomass (kg/ha) 
	Net productivity (kg/ha/year) 

	4  Genetic Materials: genes for resistance to plant pathogens 
	Presence of species with (potentially) useful genetic material
	Total ‘‘gene bank’’ value (e.g. number of species & sub-species)

	Maximum sustainable harvest 

	5  Biochemical products and medicinal resources 
	Presence of species or abiotic components with potentially useful chemicals and/or medicinal use 
	Total amount of useful substances that can be extracted (kg/ha)
	Maximum sustainable harvest (in unit mass/area/time)

	6  Ornamental species and/or resources 
	Presence of species or abiotic resources with ornamental use 
	Total biomass (kg/ha)
	Maximum sustainable harvest 

	Regulating 
	
	
	

	7  Air quality regulation: (e.g. capturing dust particles) 
	Capacity of ecosystems to extract aerosols & chemicals from the atmosphere 
	Leaf area index NOx-fixation, etc. 
	Amount of aerosols or chemicals ‘‘extracted’’—effect on air quality

	8  Climate Regulation 
	Influence of ecosystems on local and global climate through land-cover and biologically-mediated processes 
	Greenhouse gas-balance(esp. C-sequestration); Land cover characteristics, etc. 
	Quantity of Greenhouse gases, etc. fixed and/or emitted: effect on climate parameters

	9  Natural Hazard mitigation 
	Role of forests in dampening extreme events (e.g. protection against flood damage) 
	Water-storage (buffer) capacity in m3 
	Reduction of flood-danger and prevented damage to infrastructure

	10  Water regulation 
	Role of forests in water infiltration and gradual release of water 
	Water retention capacity in soils, etc. or at the surface 
	Quantity of water retention and influence of hydro-logical regime (e.g. irrigation)

	11  Waste treatment 
	Role of biota and abiotic processes in removal or breakdown of organic matter, xenic nutrients and compounds 
	Denitrification (kg N/ha/y); Immobilization in plants and soil 
	Max amount of chemicals that can be recycled or immobilized on a sustainable basis.

	12  Erosion protection 
	Role of vegetation and biota in soil retention 
	Vegetation cover Root-matrix 
	Amount of soil retained or sediment captured

	13  Soil formation and  regeneration 
	Role of natural processes in soil formation and regeneration 
	E.g. bio-turbation 
	Amount of topsoil (re)generated per ha/year 

	14  Pollination 
	Abundance and effectiveness of pollinators
	Number & impact of pollinating species 
	Dependence of crops on natural pollination

	15  Biological Regulation 
	Control of pest populations through trophic relations
	Number & impact of pest-control species 
	Reduction of human diseases, live-stock pests, etc. 

	Habitat or supporting 
	
	
	

	16  Nursery habitat 
	Importance of ecosystems to provide breeding, feeding or resting habitat for transient species
	Number of transient species& individuals (esp. with commercial value)
	Dependence of other ecosystems (or ‘‘economies’’)on nursery service

	17  Genepool protection 
	Maintenance of a given ecological balance and evolutionary processes 
	Natural biodiversity (esp. endemic species); Habitat integrity (irt min. critical size) 
	‘‘Ecological Value’’ (i.e. difference between actual and potential biodiversity value) 

	Cultural & amenity 
	
	
	

	18  Aesthetic: appreciation of natural scenery (other than through deliberate recreational activities) 
	Aesthetic quality of the landscape, based on e.g. structural diversity, ‘‘greenness’’, tranquility 
	Number/area of landscape features with stated appreciation 
	Expressed aesthetic value, e.g.: Number of houses bordering natural areas# users of ‘‘scenic routes’’ 

	19  Recreational: opportunities for tourism and recreational activities 
	Landscape-features Attractive wildlife 
	Number/area of landscape & wildlife features with stated recreational value 
	Maximum sustainable number of people &facilities. Actual use 

	20  Inspiration for culture, art and design 
	Landscape features or species with inspirational value to human arts, etc.
	Number/area of Landscape features or species with inspirational value 
	#books, paintings, etc. using ecosystems as inspiration 

	21  Cultural heritage and identity: sense of place and belonging 
	Culturally important landscape features or species 
	Number/area of culturally important landscape features or species 
	Number of people ‘‘using’’ forests for cultural heritage and identity

	22  Spiritual & religious inspiration
	Landscape features or species with spiritual & religious value 
	Presence of Landscape features or species with spiritual value 
	Number of people who attach spiritual or religious significance to ecosystems

	23 Education & science: opportunities for formal and informal education & training
	Features with special educational and scientific value/interest
	Presence of features with special educational and scientific value/interest
	Number of classes visiting Number of scientific studies, etc. 


	Box 9: Typology of ecosystem services from The Economics of Ecosystems and Biodiversity (TEEB) project.210

	
Provisioning Services are ecosystem services that describe the material outputs from ecosystems. They include food, water and other resources.

Food: Ecosystems provide the conditions for growing food – in wild habitats and in managed agro-ecosystems. 

Raw materials: Ecosystems provide a great diversity of materials for construction and fuel. 

Fresh water: Ecosystems provide surface and groundwater. 

Medicinal resources: Many plants are used as traditional medicines and as input for the pharmaceutical industry.

Regulating Services are the services that ecosystems provide by acting as regulators eg regulating the quality of air and soil or by providing flood and disease control.

Local climate and air quality regulation: Trees provide shade and remove pollutants from the atmosphere. Forests influence rainfall. 

Carbon sequestration and storage: As trees and plants grow, they remove carbon dioxide from the atmosphere and effectively lock it away in their tissues.

Moderation of extreme events: Ecosystems and living organisms create buffers against natural hazards such as floods, storms, and landslides. 

Waste-water treatment: Micro-organisms in soil and in wetlands decompose human and animal waste, as well as many pollutants.

Erosion prevention and maintenance of soil fertility: Soil erosion is a key factor in the process of land degradation and desertification. 

Pollination: Some 87 out of the 115 leading global food crops depend upon animal pollination including important cash crops such as cocoa and coffee.

Biological control: Ecosystems are important for regulating pests and vector borne diseases. 

Habitat or Supporting Services underpin almost all other services. Ecosystems provide living spaces for plants or animals; they also maintain a diversity of different breeds of plants and animals.

Habitats for species: Habitats provide everything that an individual plant or animal needs to survive. Migratory species need habitats along their migrating routes. 

Maintenance of genetic diversity: Genetic diversity distinguishes different breeds or races, providing the basis for locally well-adapted cultivars and a gene pool for further developing commercial crops and livestock.

Cultural Services include the non-material benefits people obtain from contact with ecosystems. They ́include aesthetic, spiritual and psychological benefits.

Recreation and mental and physical health: The role of natural landscapes and urban green space for maintaining mental and physical health is increasingly being recognized. 

Tourism: Nature tourism provides considerable economic benefits and is a vital source of income for many countries.

Aesthetic appreciation and inspiration for culture, art and design: Language, knowledge and appreciation of the natural environment have been intimately related throughout human history. 

Spiritual experience and sense of place: Nature is a common element of all major religions; natural landscapes also form local identity and sense of belonging.


Table 23: Conceptual framework and typology adopted in a study of ecosystem services in southeast Queensland.150
	Ecosystem reporting categories
	Ecosystem functions
	Ecosystem services
	Constituents of well-being

	Deep Ocean (Marine)
Open Water––Pelagic (Coastal)
Open Water––Benthic (Coastal)
Coral Reefs (Coastal)
Seagrass (Coastal)
Rocky Shores (Coastal)
Beaches (Coastal)
Dunes (Coastal)
Coastal Zone Wetlands (Coastal) 
Palustrine Wetlands (I. Water) 
Lacustrine Wetlands (I. Water) 
Riverine Wetlands (I. Water) 
Rainforests (Forest)
Schlerophyll Forests (Forest)
Native Plantations (Forest)
Exotic Plantations (Forest)
Regrowth (Forest)
Grasslands (Dryland) 
Shrublands/Woodlands (Dryland) 
Moreton Island
Bribie Island
North Stradbroke Island
South Stradbroke and other Bay Islands 
Montane (Mountain)
Sugar Cane (Cultivated) 
Horticulture––small crops (Cultivated) 
Horticulture––tree crops (Cultivated) 
Other Irrigated Crops (Cultivated) 
Dams (Urban)
Hard Surfaces (Urban)
Parks and Gardens (Urban)
Residential Gardens (Urban) 
	Gas Regulation (R)
Climate Regulation (R)
Disturbance Regulation (R)
Water Regulation (R)
Soil Retention (R)
Nutrient Regulation (R)
Waste Treatment and Assimilation (R) Pollination (R)
Biological Control (R)
Barrier Effect of Vegetation (R)
Soil Formation (R)
Supporting Habitats (S)
Food (P)
Raw Materials (P)
Water Supply (P)
Genetic Resources (P)
Provision of Shade and Shelter (P) 

Pharmacological Resources (P) 

Landscape Opportunity (C) 
	Food (P)
Water for Consumption (P)
Building and Fibre (P)
Fuel (P)
Genetic Resources (P)
Biochemicals, medicines and pharmaceuticals (P) 

Ornamental Resources (P)
Transport Infrastructure (P)
Air Quality (R)
Habitable Climate (R)
Water Quality (R)
Arable Land (R)
Buffering Against Extremes (R)
Pollination (R)
Reduce Pests and Diseases (R)
Productive Soils (R)
Noise Abatement (R)
Iconic Species (C)
Cultural Diversity (C)
Spiritual and Religious Values (C)
Knowledge Systems (C)
Inspiration (C)
Aesthetic Values (C)
Affect on Social Interactions (C)
Sense of Place (C)
Iconic Landscapes (C)
Recreational Opportunities (C)
Therapeutic Landscapes (C) 
	Breathing (E)
Drinking (E)
Nutrition (E)
Shelter (E)
Physical Health (H)
Mental Health (H)
Secure and Continuous Supply of Services (S) 

Security of Person (S) 
Security of Health (S)
Secure Access to Services (S)
Security of Property (S)
Family Cohesion (GSR)
Community and Social Cohesion (GSR) 

Social and Economic Freedom (FCA) 

Self-Actualisation (FCA) 


Key to categories: (P) provisioning; (R) regulating; (C) cultural; (E) existence; (H) health; (S) security; (GSR) good social relations; (FCA) freedom of choice and action (FCA).
Table 24: Ecosystem services classified according to their spatial characteristics (a type of classification that might assist landscape scale assessments and planning).67 

	Spatial characteristic
	Ecosystem services

	Global non-proximal (does not depend on proximity)
	Climate regulation Carbon sequestration (NEP) Carbon storage Cultural/existence value

	Local proximal (depends on proximity)
	Disturbance regulation/ storm protection  Waste treatment Pollination Biological control Habitat/refugia

	Directional flow related: flow from point of production to point of use
	Water regulation/flood protection  Water supply Sediment regulation/erosion control Nutrient regulation

	In situ (point of use)
	Soil formation Food production/non-timber forest products Raw materials

	User movement related: flow of people to unique natural features
	Genetic resources Recreation potential  Cultural/aesthetic


Table 25: Ecosystem services classified according to their excludability and rivalness (a type of classification that might suit some economic assessments).67
	
	Excludable
	Non-excludable

	Rival
	Market goods and services (most provisioning services)
	Open access resources (some provisioning services) 

	Non-rival
	Club goods (some recreation services)
	Public goods and services (most regulatory and cultural services)


Appendix III  Rules for identifying ‘final’ ecosystem services
	Box 10: Operational guidelines for developing ecosystem services typologies.128

	
Rule One: Willingness to Pay

	For biophysical outcome h to serve as an ecosystem service for beneficiary j, changes in h must influence the welfare of beneficiary j, so that a fully informed, rational beneficiary j would be willing to pay for increases in h rather than go without.

(If Rule One is satisfied for outcome h and beneficiary j, Rule Two is invoked to further distinguish between outputs of biophysical production and outputs of human production).

	

	Rule Two: Natural Outputs

	For biophysical outcome h to serve as an ecosystem service for beneficiary j, h must represent the output of an ecological system prior to any combination with human labour, capital or technology. 

	In combination with Rule One, Rule Two is invoked to distinguish whether the valued output in question satisfies the standard definition of an ecosystem service.

(Assuming these conditions hold, Rule Three is then invoked to determine status as a final versus intermediate service to a specific beneficiary).

	

	Rule Three: Direct Benefits

	For endpoint h to serve as a final ecosystem service for rational beneficiary j, the beneficiary must be willing to pay for increases in h, assuming that all other ecosystem outputs and conditions i not equal to h are held constant. 

(Rules One, Two and Three – when appropriately applied – account for the fact that the capacity of specific ecosystem outcomes to provide final services can depend on the presence or absence of other ecosystem outcomes).

	

	Rule Four: Services to All Beneficiaries

	An ecosystem outcome h can also simultaneously represent both a final service to beneficiary j and an intermediate service to another beneficiary n ( j. To avoid double counting, only benefits of final services should be counted and aggregated, where final services are identified by Rules One, Two and Three. 

(Rule Four requires that one treat each beneficiary identically using Rules One through Three, thereby measuring and aggregating only the benefits of (e.g., willingness to pay for) final ecosystem services. It ensures consistent aggregation and avoidance of double counting whether one considers one or multiple beneficiaries, thereby providing a theoretically-consistent welfare measure).


Appendix IV  Major international ecosystem services projects and activities
Table 26: Ecosystem services related activities globally in 2011 (this is a selected summary as there are many activities underway).
(Note: Unlike other parts of this report, citations are given within this table, to make it easy for readers to go to web sites)
	Title
	Agency
	Scope/Timeframe
	Description
	Reference/Web Links

	Millennium Ecosystem Assessment (MA)
	1400 leading scientists
	Global 
	Important milestone report that highlighted the dependence of human wellbeing on ecosystems; identified global decline in the world’s ecosystem services and promoted Payment for Ecosystem Services (PES) as a promising tool (positive incentives) to motivate ecosystem-hosting communities to restore damaged ecosystems and sustain the supply of critical service.
	MA website  www.MAweb.org

	Intergovernmental Platform on Biodiversity and Ecosystem Services
	IPBES
	Global – 1st Plenary October 2011 in Nairobi, Kenya
	Aim is to provide an authoritative independent channel that meets the needs of policymakers for the best available science on biodiversity and ecosystem services, drawing on multidisciplinary expertise. A blueprint for governance with strong capacity building program.
	www.ipbes.net
also Perrings et al. 2011 in Science http://www.sciencemag.org/content/331/6021/1139.summary

	ICSU Program on Ecosystem Change and Society (PECS)
	International Council for Science/ UNESCO
	Global – established 2008
	New 10 year research program with a mission to foster coordinated research into the dynamic relationship between humans and ecosystems. Research projects use the Millennium Ecosystem Assessment framework.

Key question: 'How do policies and practices affect resilience of the portfolio of ecosystem services that support human well-being and allow for adaptation to a changing environment?’
	http://www.icsu.org/what-we-do/interdisciplinary-bodies/pecs/
NB PECS will provide scientific knowledge to IPBES. International programme office for PECS to be established in Stockholm in 2011.

	Strategic Plan for Biodiversity 2011-2020 – including the 20 Aichi Biodiversity Targets
	Convention on Biological Diversity (CBD)
	Global – adopted in Nagoya, Japan in October 2010
	Development of national targets, updating and revising national biodiversity strategies and action plans, via capacity building workshop 2011-12.

Aichi Biodiversity Targets explicitly include ecosystem services as a strategic goal
	Information on the Strategic Plan www.cbd.int/sp2020
Workshop Information www.cbd.int/nbsap .

Aichi Targets at www.cbd.int/doc/strategic-plan/2011-2020/Aichi-Targets-EN.pdf.

	Earth Summit Rio +20
	Rio Conventions CBD, UNFCCC and UNCCD.
	Global 2012
	Taking stock of progress. The implementation of ecosystem-based approaches for adaptation and mitigation and the integration of biodiversity and sustainable land management considerations into relevant climate change adaptation and mitigation plans and strategies will require enhanced cooperation and increased synergies.
	Find Rio+20 website & description

Ecosystem and Climate Change Pavilion http://www.ecosystemspavilion.org/themes/57-economics-of-ecosystem-services-and-biodiversity-climate-change-and-sustainable-land-management


	The Economics of Ecosystems and Biodiversity (TEEB)
	Hosted by UNEP, supported by EC, Germany, UK, Netherlands, Norway, Japan and Sweden
	Global 

2007 - ongoing
	TEEB is a major Payments for Ecosystem Services project at the National Level, working to provide a comprehensive global assessment and a compelling economics case for the conservation of ecosystems and biodiversity. Project Leader Pavan Sukhdev visualizes a new form of economy, which quantifies natural capital and thus makes the ecosystem the supplier of capital, and a new entity in public and private markets. TEEB proves taking ‘natural capital’ into account could help countries on a global level, enhancing quality of life and boosting the economy at a local level.
	Websites: http://teebweb.org/ ; http://bankofnaturalcapital.com/2010/10/05/payments-for-ecosystem-services-at-the-national-level/ ; http://www.earthscan.co.uk/tabid/102729/Default.aspx.

‘The logical next step for countries interested in utilising the potential of their natural capital and ‘ecosystem services’ is to conduct studies of their own natural resources and implement new policies that focus on their benefits and use.’

	IUCN’s Commission on Ecosystem Management CEM
	International Union for Conservation of Nature (IUCN)
	2009 - 2012 intercessional plan
	Ecosystem Services is one of 20 priority themes. Objectives: to improve the knowledge base on ecosystem services and values and stimulate integration of this in planning and decision-making for sustainable Ecosystem Management through case studies and guidelines. Theme leader is Rudolf de Groot, Wageningen University.
	Commission on Ecosystem Management www.iucn.org/about/union/commissions/cem/ 



	The Ecosystem Services Partnership (ESP)
	IUCN CEM
	Global 

2008 – ongoing
	A platform created to stimulate collaboration between scientists and practitioners, rapidly becaming an important tool for exchange of recent initiatives and achievements on ecosystem services. Coordinated since 2009 by CEM ES-Theme Lead Dolf de Groot. 
	See ESP www.es-partnership.org

	FAO Report on Payments for Ecosystem Services and Food Security
	UN Food and Agriculture Organisation

(FAO)
	Global

July 2011
	Fighting hunger and achieving food security for all is at the heart of FAO's efforts. Biological diversity and the related ecosystem services are seen to be of pivotal importance. In 300 pages, this recent report examines: the role of Payments for Ecosystem Services (PES) in agriculture; relevance of the OECD agri-environmental measures; implementation opportunities and gaps; cost-effective targeting; social and cultural drivers behind the success of PES; landscape labelling approaches to PES through bundling services, products and stewards; enabling conditions and complementary legislative tools; and PES within the context of a green economy. 
	For full report, see www.fao.org/docrep/014/i2100e/i2100e00.htm 

or http://www.fao.org/docrep/014/i2100e/i2100e00.htm 

	OECD Green Growth Strategy
	Organisation for Economic Cooperation and Development (OECD) 


	Global

From 2012 - ongoing
	From 2012 the OECD will mainstream green factors, integrating green growth considerations in Economic Surveys, Environmental Performance Reviews and Innovation Reviews.

Designed to help countries foster economic growth and development while ensuring that natural assets continue to provide the resources and environmental services on which human well-being relies. Putting environmental factors into top level judgments of national economies is potentially a big step towards sustainability.
	Green Growth Strategy announced at July 2011 OECD Ministerial Council Meeting (http://www.oecd.org/dataoecd/62/59/48302542.pdf),

15 Apr 2010, the OECD's Development Assistance Committee endorsed a Policy Statement on Integrating Biodiversity and associated Ecosystems Services into development co-operation www.oecd.org/dataoecd/37/52/46024461.pdf

	A major World Bank report – Biodiversity, ecosystem services, and climate change : the economic problem. 


	The World Bank
	2010 - 2011
	The Millennium Ecosystem Assessment categories of ecosystem services used to measure impact on human wellbeing by the change in ecosystem services caused by climate-related change in biodiversity. Similarly, the role of species richness/abundance in climate change mitigation or adaptation is measured by the change in the climate-related services of biodiversity. Insights from the economic treatment of the relation between biodiversity and ecosystem services then re-evaluate the connection between biodiversity and climate change, and draw conclusions for climate policy.
	Short account at: http://go.worldbank.org/845IAO8WV0 

Entire Report at http://www-wds.worldbank.org/external/default/WDSContentServer/WDSP/IB/2011/05/10/000333038_20110510232037/Rendered/PDF/581650revised000000Economic0Problem.pdf


	Scoping workshop on biodiversity and ecosystem services, organised by APN, held at Tokyo United Nations University.
	Asia-Pacific Network for Global Change Research (APN) ICSU Regional Office for Asia and the Pacific
	Asia Pacific

February 2011 - ongoing
	The workshop analysed gaps in biodiversity and ecosystem services research to identify priority areas of research for future APN funding (new activity). The analysis identified research and policy needs and areas of activity where APN can be expected to ‘make a difference considering that the Asia-Pacific region is a densely populated region where human coexistence with nature are heavily affected by changes in the environment.’ 
	http://www.icsu.org/icsu-asia/news-centre/news/icsu-roap-and-the-apn-workshop-on-biodiversity-and-ecosystem-services-in-asia-and-the-pacific

	FFPRI Symposium
	Forestry and Forest Products Research Inst. & Japan’s Environmental Research Inst (Waseda University)
	Global Forests

2010 - ongoing
	Symposium on the role of forest biodiversity in the sustainable use of ecosystem goods and services in agro-forestry, fisheries and forestry. 

Aims were to show 1) how forest biodiversity affects ecosystem services which may benefit agriculture, fisheries and forestry, 2) what causes forest biodiversity loss from ecological, social or economical aspect and 3) how multidisciplinary scientists can together monitor forest biodiversity in order to share their findings with non-scientists, including policy makers.
	FFPRI http://astp.jst.go.jp/modules/event_meeting/index.php?content_id=193

	Common International Classification of Ecosystem Services for Integrated Environmental and Economic Accounting (CICES)
	London Group and SEEA revision process
	National and international accounts

2009 - ongoing
	As a contribution to the review of the Systems of Environmental-Economic Accounts (SEEA), a classification and framework for assessing ecosystems in SEEA has been developed by the London Group. This has drawn on several international meetings, to which Australia contributed through the ABS and BoM. It appears likely that this will become a formal or informal international standard.
	London Group on Environmental Accounting. (2012)141 

http://unstats.un.org/unsd/envaccounting/londongroup/


Appendix V  Major recent research and other activities relating to ecosystem services in Australia
Table 27: Major recent research and other activities relating to ecosystem services in Australia.
(Note: Unlike other parts of this report, citations are given within this table, to make it easy for readers to go to web sites).
	Title
	Agency
	Scope/Timeframe
	Description
	Reference/Web Links

	National Projects on Ecosystem Services
	
	

	National Ecosystem Services Strategy (NESS) and 

National Ecosystem Services Network (NESN)
	Australia 21
	National

2005 - ongoing 
	A major report entitled A National Strategy on Ecosystem Services (NESS) was released in 2008, following a series of expert roundtables in Queensland, South Australia, Canberra and Western Australia. The Australia21 team then called for development of an Australia-wide Ecosystems Services Network to bring together key stakeholders from across the nation to ensure that ecosystems services are properly valued and supported by the Australian economy.
	See www.australia21.org.au 

Documents describing the Strategy and the Network concepts can be found here

http://www.australia21.org.au/aust_land_ecosystem_services.htm 

	Ecosystem Services Working Group Report to the NRM Ministerial Council
	NRPCC working group under direction from the NRM Ministerial Council
	National

2008
	This report was produced to provide a national overview of the development and uptake of Ecosystem Services approaches to decision-making within Australian government NRM agencies. The questions underpinning the report are varied and many including definitions, measurement, policy application and the relationship between ecosystem services thinking and other ways of thinking about the interactions between humans and the natural environment. Incorporating Ecosystem Services thinking in environmental/NRM decision-making processes is potentially a significant enhancement in terms of completeness, robustness and sustainability of outcomes.
	http://trove.nla.gov.au/work/34215211 

(archived at National Library of Australia)

Available at: http:/​/​www.environment.gov.au/​biodiversity/​publications/​ecosystem-services-nrm-futures/​index.html.

http://www.environment.gov.au/biodiversity/publications/ecosystem-services-nrm-futures/pubs/ecosystem-services.pdf 

The ecosystem services concept has been used successfully in Australia and internationally as a way to focus on natural resource management (NRM) priorities at catchment, regional, national and global scales and to link and report on the relationship between the environment and human well-being. 

	Various articles, fact sheets, opinion pieces  on Ecosystem Services
	Australia Museum
	2003
	In Australia, the Australian Museum (2003, p. 1) argued that: Ecosystem services maintain the atmosphere, provide clean water, control soil erosion, pollution and pests, pollinate plants, and much more. Their total annual value in Australia has been estimated by CSIRO to be $1327 billion...
	Cited by Phillips and Lowe (2005):  Australian Museum. 2003. Fact Sheets: Ecosystem Services. Australian Museum, Sydney. Online at: http://www.amonline.net.au/factsheets/ecosystem_services.htm

	Seed funding for a national project on ecosystem services
	The Myer Foundation, CSIRO, Land & Water Australia
	June 1999 to June 2003
	The Myer Foundation. CSIRO and Land & Water Australia provided funds for a project that aimed to provide a detailed assessment of the goods and services coming from a range of Australian ecosystems, an assessment of the consumers and consumption of these services, and an evaluation of the economic costs and benefits of the services under future management scenarios. The project sought to provide information that is relevant and useful to policy writers and decision makers. It produced a range of products, spawned a number of collaborative projects and performed one major case study in the Goulburn Broken catchment (later in this table)
	http://www.ecosystemservicesproject.org/
http://lwa.gov.au/products/ef051059
Cork S. J., Proctor W., Shelton D., Abel N. & Binning C. (2002) The ecosystem services project: Exploring the importance of ecosystems to people. Ecological Management & Restoration 3, 143-8

Involved CSIRO and a wide range of land managers, community groups, land management agencies, scientists and economists.

	National Invertebrate Pest Initiative -  Managing ecosystem services and

pests in broadacre landscapes
	CSIRO

Australian Grain
	2009
	To help grain growers manage their crop pests, the National Invertebrate Pest Initiative has been set up with the support of the Grains Research and Development Corporation. NIPI pulls together scientists from state government departments, universities, farmer groups and CSIRO and its coordinator is Dr Gary Fitt from CSIRO Entomology. Australian Grain will be presenting articles reviewing the current knowledge of invertebrate pests – and their management in Australian grain systems.
	http://www.ausgrain.com.au/Back%20Issues/191mjgrn09/15_Managing.pdf 

	Managing ecosystem services in broadacre landscapes: what are the appropriate spatial scales?
	CSIRO
	2009
	Article on ecosystem services is a summary of a paper by Nancy Schellhorn, Sarina Macfadyen, Felix Bianchi, David Williams and Myron Zalucki on Managing ecosystem services in broadacre landscapes: what are the appropriate spatial scales? in the Australian Journal of Experimental Agriculture 48 (12): 1549–1559 one of a suite of papers published in special edition 
	http://www.csiro.au/files/files/prpe.pdf
Farming Ahead July 2009 No. 210 www.farmingahead.com.au 

	Staying ahead of the pests: responses to future tropical and sub-tropical biosecurity threats


	The Crawford Fund
	Queensland
2009
	Biosecurity research will enable us to face some of the food security challenges that will arise in Queensland and throughout the world. Pests and diseases threaten food security directly through reduction of crop and livestock yields, loss of export markets due to quarantine measures (e.g. Foot and Mouth Disease), costs of switching to alternative production systems and losses of ecosystem services required for sustainable food production.
	http://www.crawfordfund.org/resources/articles/buckley.html

	National Market Based Instrument Forum
	Federal Govt
	August 2011
	Forum included talk of agriculture sector’s capacity to participate in ecosystem services markets by ABARES’ Philip Townsend. Research gaps identified include valuing and trading the full complement of ecosystem services (bundling and stacking) as well as net environmental gain instead of single services. Research into engaging the private sector in NRM through markets was a priority for many, particularly how the Carbon Farming Initiative might produce biodiversity co-benefits from investments in carbon bio-sequestration. The necessity of quantifying ecosystem services and consistent environmental accounting standards was also a common theme.
	http://www.marketbasedinstruments.gov.au/News/tabid/181/ArticleType/ArticleView/ArticleID/52/Default.aspx 

	Caring for Country
	Federal Govt
	
	This major Australian Government initiative seeks to achieve an environment that is healthy, better protected, well-managed and resilient, and “provides essential ecosystem services in a changing climate”. In practice, few true ES projects appear to be funded at present.
	http://www.nrm.gov.au

	‘National roundtable for ecosystems services’
	Australian Bureau of Statistics?
	23 May 2011
	The ‘task group’ should adopt the definition previously used by NRPPC – “Social capital, in this context, refers to the networks, relationships, values and informal sanctions that shape the quantity and cooperative quality of a society's social interactions” Australian Public Service Commission, 2007).  The Australian Bureau of Statistics (ABS) has developed Social Capital Framework for measuring aspects of social capital. Networks are considered integral to social capital and appear as the central feature of the ABS Social Capital Framework, along with 4 key societal conditions that shape social capital: Culture and Political, Legal and Institutional.
	http://www.marketbasedinstruments.gov.au/Events/tabid/110/Mid/1329/ItemID/44/ctl/Details/Default.aspx?selecteddate=23/05/2011 

	Vegetation and Ecosystem Services
	
	
	
	Richard Thackway - National vegetation attributes for linking vegetation type and condition to the delivery of ecosystem services

Rhiannon Smith - Ecosystem service provision by native vegetation and trade‐offs with grazing

http://www.esa2010.org.au/Detailed%20program.pdf 



	Pollination as an ecosystem service 

Plant Community Ecology of fragmented tropical landscapes 

Rainforest reforestation for biodiversity and Carbon sequestration
	University of Queensland
	Coastal Queensland
2008 2009
Dr Margaret Mayfield
North Queensland
2009

	Liz Law, a graduate student in my lab, is starting a project to study the impacts of different cultivation practices and landscape structures on the pollination of Macadamia by native and wild insects. The goal is to improve our understanding of the factors involved in maintaining this key ecosystem service in coastal Queensland.

Research on understanding how forest fragmentation impacts the plant communities found in tropical landscapes. In particular, how functional diversity, ecosystem services and ecosystem function are influence by forest fragmentation across landscapes.

Collaborative reforestation experiment in North Queensland. The goal of this project is to identify reforestation methods that maximize the return of native biodiversity while allowing for profits through global carbon markets.
	http://www.uq.edu.au/uqresearchers/researcher/mayfieldm.html?uv_category=int 

	Socio-Economics and the Environment in Discussion (SEED) working paper
	CSIRO
	28 Apr 2008
	The Socio-Economics and the Environment in Discussion CSIRO Working Paper Series aims to bring together environmental socio-economic research from across CSIRO. Working paper number 2008-03, deals with Ecosystem Services 
	http://www.csiro.au/resources/SEEDPaper13.html 

	State and Regional Projects on Ecosystem Services
	
	

	Ecosystem Services Framework for South East Queensland 
	SEQ Catchments Ltd


	South East Queensland

2008 - ongoing


	The SEQ Ecosystem Services Framework (Australia) aims to provide the tools to enable government, industry, business, researchers, non-government organizations and land managers to apply the concept of ecosystem services in their planning and management practices.

Matrices and maps identify and illustrate the linkages between ecosystems, ecosystem functions, ecosystem services and community wellbeing. These maps can identify areas in the region where the most ecosystem services are generated. This allows areas to be considered as valuable natural assets, deserving appropriate protection measures or significant offsets if they are diminished or degraded in any way. 
	Maynard, James and Davidson (2010) The Development of an Ecosystem Services Framework for South East Queensland. Environmental Management

	Natural assets: an inventory of ecosystems goods and services in the Goulburn-Broken catchment. 
	CSIRO Sustainable Ecosystems, Canberra
	Goulburn-Broken Catchment, N. Vic.

Regional

2001
	The difficulty faced by natural resource managers is how to prioritise and manage for the full range of benefits provided by ecosystems. One method for identifying the full range of goods/products provided by ecosystems in the Goulburn Broken catchment, and a means of identifying, classifying and prioritising the role of ecosystem services in both transforming natural assets into those goods/products, or breaking down the by-products of those transformations 
	Binning C, Cork S, Parry R, Shelton D (2001) 

http://www.ecosystemservicesproject.org/html/publications/docs/application_of_ecosystem_approach.pdf.

Also GBCMA & CSIRO, 2000

	Wetland Tender Project

River Tender Project

and

Sustainable Farming Practices


	Glenelg Hopkins CMA
	Glenelg Hopkins Catchment, Victoria 
	This region has over 5400 wetlands (44% of Victoria’s total), mainly on private land, providing multiple ecosystem services: water purification, flood mitigation, carbon sequestration and native wildlife conservation (incl. threatened spp like brolgas & blue-billed ducks). Under Wetland Tender, successful landholders (offering the best-quality outcomes for the investment) receive periodic payments for management activities under signed five-year agreements. Landholders manage threats to wetlands on their property eg. drainage, grazing, removal of vegetation, weeds and pests, excess nutrients, rubbish, salinity and competition for limited water resources.

This CMA has two Caring for Country Sustainable farm practises projects, soil acidification and woodlands protection, to improve delivery of ecosystem services, such as capacity to produce food and fibre, clean air, water, healthy soils and biodiversity conservation’.

Glenelg Hopkins CMA recently (Aug 2011) committed $360,000 towards landholder incentive payments over the next five years under the RiverTender voluntary incentive program, funded via Victorian Government's Victorian Water Trust Healthy Rivers Initiative (no mention of ecosystem services).
	http://www.ghcma.vic.gov.au/news/article/wetlands-tenders-due  

http://www.ghcma.vic.gov.au/media/uploads/WetlandTenderFactSheetWeb.pdf 

http://www.marketbasedinstruments.gov.au/MBIsinaction/Currentcasestudies/WetlandTenderProgram/tabid/373/Default.aspx 

http://www.ghcma.vic.gov.au/media/uploads/Probity_Report_1745x.pdf 

http://www.ghcma.vic.gov.au/land/sustainable-farm-practices/ 

http://www.ghcma.vic.gov.au/news/article/rivertender-a-popular-choice 

	Queensland Terrain


	
	Far north Queensland
	 “A policy model for community-grounded biodiversity offset management within an NRM framework”. The aim of the project is to enhance the capacity of regional communities to utilise MBIs through a case study which will develop a policy model for regional biodiversity offset management that can be used to catalyse capacity improvement in other NRM regions.

Objectives include a specific draft policy on biodiversity offset management for the Wet Tropics region and an enhanced capacity across the region for applying biodiversity offsets to maintain and protect ecosystem services.

Terrain intends to position itself as a broker for offsets occurring in the Wet Tropics, and this project will help the group improve its capacity as an adviser and broker, particularly in the management of biodiversity offsets.
	Contact: Allan Dale, Rowena Grace



	Ecosystem Services in SA Riverland Citrus Orchards 
	CSIRO, 

Australian Landscape Trust and citrus growers,
	South Australian Riverland

1998 – 2003/present?
	Project outcomes included indicators of ecological sustainability, and data leading to better understanding of key ecosystem services. A baseline survey of soil biodiversity was done in a range of citrus orchards - two properties in each category: organic, pesticide- free, conventional and high-tech. Quarterly quantitative monitoring of soil invertebrates was conducted from August 1998 to August 1999 on the 8 properties within the area between Waikerie, Loxton and Paringa. The key ecosystem services investigated - pest control and nutrient cycling - are of economic value to citrus growers and delivered by components of soil biodiversity. 

NB Subsequent work, the first study to quantify the rate of recovery of an invertebrate-driven soil hydrological ecosystem function following revegetation, investigated the ecosystem function of water infiltration to tree root zones and channels, delivered by invertebrates that form soil macropores. 
	Coloff et al. 2003

http://www.ecosystemservicesproject.org/html/publications/docs/soil_final_report.pdf 

Coloff et al 2010

http://onlinelibrary.wiley.com/doi/10.1111/j.1526-100X.2010.00667.x/full 



	Ecosystem Services through Land Stewardship Practices: Issues and Options.
	Victorian Catchment Management Council/Dept of

Sustainability and Environment 
	Victoria

2003
	This early paper refined the concept of Land Stewardship and its relation to the basic responsibilities. Issues and options relating to the ‘payment’ idea are explored, current land use is reviewed in relation to social and environmental trends and changing community expectations and broad-scale support for sustainability are discussed. Available ways to support change are reviewed, including a focus on market based instruments which led to the concept of payment for ecosystem services. .
	VCMC/DSE (2003) DSE, Melbourne

See http://www.vcmc.vic.gov.au/Web/Docs/LandStewardI&O.pdf 

	Gwydir Ecosystem Services in Cotton
	Australian Cotton CRC, Gwydir Valley Irrigators Association and Natural Heritage Trust
	Gwydir, Namoi and Border Rivers catchments, NSW

2001
	Aims of Gwydir Ecosystem Services Project  were:
1.         - to gauge the most important ecosystem services to the Gwydir community;
2.         -  to assess the vulnerability and ease of management of the various ecosystem services;
3.         -  to develop analytical approaches and tools to assess ecosystem services; and
4.         -  to assess the ecological, economic and social impact of changes in delivery of priority ecosystem services 
A subproject investigated the ecosystem services underpinning and affected by cotton production in the Gwydir catchment, developing ecological and economic models to quantify and value changes in management that affect the provision of ecosystem services important to the cotton industry. Role of native vegetation in harbouring beneficial insects in cotton growing areas in the Gwydir, Namoi and Border Rivers catchments was investigated. A DWLC subproject led by Dr Brian Wilson into the maintenance of soil health, nutrient conservation and impacts on deep drainage of different land uses and vegetation types (e.g. remnant woodland, regrowth, native pasture, sown pasture and cropping) in the middle Gwydir catchment..
	Nick Reid

Francis Karanja

http://une-au.academia.edu/Karanja/Papers/246151/Evaluating_the_impact_of_integrated_catchment_management_interventions_on_provision_of_ecosystem_services_using_GIStions_on 

Francis Karanja has developed a model which uses changes in land and water management to identify which practices will have the greatest ecological and economic impact on a catchment.
NB Check for any links to DLWC’s Environmental Services scheme that piloted the use of environmental stewardship payments to landowners who change management in order to deliver specified environmental outcomes in the public interest

	Biodiversity and Ecosystem Services Associated with Native Vegetation in an Agricultural Landscape’
	University of New England
	Lower Namoi Cotton

2010
	Rhiannon Smith’s PhD quantified eight ecosystem services provided by native vegetation, including carbon storage, erosion mitigation and biodiversity conservation on cotton farms on the lower Namoi floodplain. River red gum sites were by far the highest carbon storage in the landscape, storing 216 tonnes of carbon per hectare. Rhiannon’s results will assist cotton grower’s value and manage native vegetation for ecosystem services. 

Non-crop ecosystems comprise a substantial proportion of many cotton farms and the likelihood that natural and revegetated areas will contribute significant income streams in the medium term through emerging markets in carbon and biodiversity is high. “Ecosystem services generated by native vegetation on cotton farms therefore have the potential to contribute directly to the farm’s income.”
	Rhiannon Smith PhD

http://www.cottoncrc.org.au/content/Industry/People/Featured_Achiever/Rhiannon_Smith.aspx 

Postgraduate: The Ecosystem Service Value of Native Vegetation on Cotton Farms of the Namoi Floodplain 
http://www.cottoncrc.org.au/content/Catchments/Noticeboard/Media/Value_of_es.aspx 

NB This research is some of the first in the world to evaluate several ecosystem services across a large study area with a variety of vegetation types and climatic conditions

	South Australian BushBids Program


	South Australian Murray Darling Basin Natural Resource Management Board 
	South Australia

2006-2011 
	In its fifth year in South Australia, BushBids has enhanced the protection and improvement of biodiversity and ecosystem values in the remaining 10 percent of remnant vegetation within the Eastern Hills of the South Australian Murray Darling Basin region, without increased financial burden to landholders. Landholders receive a Payment for Environmental Services (PES) and society as a whole receives the ecosystem services (nature’s life support services) through conservation.

Currently there are two BushBids projects running successfully - Eastern Mount Lofty Ranges BushBids and Woodland BushBids. 
	http://www.marketbasedinstruments.gov.au/MBIsinaction/Currentcasestudies/BushBidsProgram/tabid/354/Default.aspx 

Contact SAMDB NRM Board Biodiversity principal project officer Sarah Lance.

	Ecosystem Services 

in the Wimmera-Mallee 


	CSIRO
	Victorian Mallee

Feb 2006
	A large research project conducted in partnership with The Arthur Rylah Institute for Environmental Research, Victorian DSE (ARI), CSIRO Sustainable Ecosystems (CSE) and the Birchip Cropping Group (BCG), with NHT and the National Action Plan for Salinity and Water Quality funding through the North Central and Mallee CMAs.  This report presents a conceptual framework to describe the interactions amongst highly valued ecosystem services and native vegetation assets (natural capital), including how changes in vegetation condition affect the delivery of ecosystem services.
	http://www.bcg.org.au/resources/Rpt2_wimmera_ecosyetem_services_descriptions_submitted2.pdf 

David Freudenberger and Art Langston 

CSIRO Sustainable Ecosystems, Canberra 



	Queensland’s Protected Areas, Forests and Wildlife
	Qld Dept Env and Resource Management (DERM)
	Queensland
	Ecosystem services for human populations, such as fresh air, clean water and productive soils and oceans, are among the benefits of protected areas, forests and wildlife are
	http://www.derm.qld.gov.au/parks_and_forests/managing_parks_and_forests/management_plans_and_strategies/pdf/master-plan/overview.pdf 

	Scenario Planning for sustainable land use in the Namoi
	Namoi CMA and the Ecosystem Services Research Group 
	2010
	Paper included the strategy of continuing to bring natural resource management and community development paradigms closer together and to take a lead in thinking about how environmental management might be integrated with economic and social objectives (e.g. ecosystem services markets), have a strong input to policy thinking, and be ready to get in early to reap financial, environmental and social benefits once favourable policies emerge 


	Ecosystem Services Research Group (2010) Social – Ecological Resilience of. Cultural Landscapes. International Workshop 15-15 June 2010

Also Cork and Delaney 2007 and 2009

http://www.namoi.cma.nsw.gov.au/scenario_planning_report_dec09.pdf 

	Other Ecosystem Services Related Issues
	
	

	Managing water in agriculture to deal with trade-offs and find synergies among food production and other ecosystem services.
	
	National

2009
	. Agricultural Water Management 97, 512–519.


	Gordon, L., Finlayson, C.M. and Falkenmark, M. 2009

	Water management
	National Water Commission
	Floodplains

2009
	Floodplain ecosystems: resilience, value of ecosystem services and principles for diverting water from floodplains
	http://www.nwc.gov.au/www/html/2528-floodplain-ecosystems-resilience-value-of-services-and-principles-for-diverting-water 

	A Framework for Determining Commonwealth Environmental Watering Actions. 
	Department of Environment, Water, Heritage and the Arts
	National legislation

2007 - ongoing
	The Water Act 2007 defines environmental assets as water-dependent ecosystems, ecosystem services, and sites of ecological significance. Water-dependent ecosystems include wetlands, streams, floodplains, lakes and other bodies of water, salt marshes, estuaries, karst, and groundwater systems.
	DEWHA 2009

	Track
	Charles Darwin University
	Tropical Australia
	This project provides assessments of the potential impacts of future development scenarios on the ecosystem services of Australia's tropical rivers.
	www.track.gov.au/publications/registry/774  

	Approaches for measuring and accounting for ecosystem services 
	Bureau of Resource Sciences
	National

2007
	Report summarises the approaches developed for measuring and accounting for the  ecosystem services provided by vegetation in Australia.

Also contains excellent list of key current ecosystem services projects and activities
	Maher and Thackway (2007) 

NB See Appendix A in http://adl.brs.gov.au/brsShop/data/ecoservices_acc.pdf 

	Natural pest control provided by predatory insects
	CSIRO
	Cotton landscapes

2008
	Dr Felix Bianchi and Dr Nancy Schellhorn  (CSIRO) work on the ecosystem service of natural pest control provided by predatory insects. Preliminary results suggest that native vegetation in the cotton landscapes is important and provides habitats for predatory insects. Research shows beneficial insects are using native vegetation habitats, moving into crops and attacking pests early in the cotton season. Having a diversity of habitats is important for agricultural ecosystem services as this allows flexibility throughout the year and in changing environments. This work is on going with more trials planned in the next cotton-growing season.
	1.http://www.cottoncrc.org.au/content/Catchments/Noticeboard/Media/Knowledge_of_Nature.aspx 

2.http://www.greenmountpress.com.au/cottongrower/Back%20issues/295ybcot08/S6/82_Nature.pdf 

3.http://www.cottoncrc.org.au/files/f7dab364-5c80-4194-951f-9ef500cc70dd/ACPM2011_14_ReducePesticide_.pdf 

	Impact of rainforest insects on North Queensland Crops
	CSIRO (Entomology that was)
	Atherton Tableland North Queensland
	Research will assess the relative value of services and dis-services flowing from rainforest insects to north Queensland crops (including pollination, natural enemies of herbivore pests and the dis-service of damage to crops by herbivores. A key variable will be distance from rainforest. Very little is currently known of the identity, origin and role of native insect pollinators, predators and parasites in tropical crops. This project aims to estimate the economic value of these services by comparing natural processes with the cost of artificial substitution, pest control costs and production losses. The project will also provide recommendations on land-use options that may enhance the value of such services. 
	http://www.ecosystemservicesproject.org/html/case_studies/Atherton4.html 

http://www.ecosystemservicesproject.org/html/publications/docs/facts/Atherton_Insects_poster.pdf 

Rosalind BLANCHEa, Saul CUNNINGHAMband Rob FLOYDb; aCSIRO Entomology, Atherton Qld 4883; bCSIRO Entomology 



	Market for Ecosystem Services in Australia: practical design and case studies
	
	Australia
	The use of market-based approaches to provide and protect ecosystem services in has gained significant attention in Australia.
	Whitten, S. and Shelton, D. (2005)

www.cifor.org/pes/publications/pdf_files/Whitten-Australia.pdf 

	Examining links between soil management, soil health, and public benefits in agricultural landscapes: An Australian perspective
	University of Melbourne, Victorian Department of Primary Industries, Victorian Department of Sustainability and Environment
	Concept study: Australian perspective
	Conceptual and case study links were examined between soil properties and processes, soil-based services, and private and public net benefits. In this framework, benefits were produced from services, and were considered a more tangible point for public understanding and valuation than services. The qualitative case study highlighted many knowledge gaps relating to non-agricultural services and benefits from soils, particularly in the scaling- up of sub-paddock measurements, and in the form and constancy of relationships among services and benefits. Criteria for identifying priority public benefits from soil management were examined.
	Bennett L. T., Mele P. M., Annett S. & Kasel S. (2010) Examining links between soil management, soil health, and public benefits in agricultural landscapes: An Australian perspective. Agriculture, Ecosystems &amp; Environment 139, 1-12, <http://linkinghub.elsevier.com/retrieve/pii/S0167880910001714>.




Appendix VI  Alternative typologies for soil ecosystem services

There has been increasing interest in identifying and classifying the ecosystem services from soils. The following figure and table illustrate two of these attempts.
Figure 27: Framework for the provision of ecosystem services from soil natural capital (from Dominati et al. 201085)
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Table 28: The Robinson et al. (2010 and 2012)196 alternative way of categorizing soil natural capital
	Natural capital 
	Measurable or quantifiable soil stock

	Mass
	
	

	   Solid 
   Liquid
   Gas
   Thermal energy 
   Biomass energy 
Organization–entropy 

   Physicochemical structure 
   Biotic structure 
   Spatiotemporal structure  
	inorganic material: mineral stock and nutrient stock 

organic material: organic matter and C stocks and organisms 
soil water content 

soil air 

soil temperature 

soil biomass 

soil physicochemical organization, soil structure 
biological population organization, food webs, and biodiversity 
connectivity, patches, and gradients


Appendix VII  Insights about actions needed to facilitate an ecosystem services approach
Table 29: Recommendations and insights, from various authoritative sources, about applying an ecosystem services approach. 

Note that this is a synthesis of published ideas, and the approaches are not necessarily recommended by the authors of this report. 
	Source
	Recommended actions

	Archer (2008)8
Proposal for a National Ecosystem Services Scheme and a National Stewardship initiative for Australia
	Establish a National Ecosystem Services Scheme (ESS), including a National Stewardship initiative. The ESS would be voluntary, implemented on marginally productive land and paid as a performance-based, annual cashflow stream utilising a range of Market-Based Instruments (MBI’s). Farmers would be encouraged to identify their least productive land (e.g., riparian zones, acidic or saline soils, remnant vegetation, water logged areas, wind swept ridge lines, highly eroded or degraded sites). They would manage these marginal areas to deliver ecological goods and services (e.g., carbon, water, biodiversity or soil related). These ecological goods and services would generate environmental ‘credits’ that would entitle the farmer to an annual cashflow stream, with ongoing payment predicated on the continued delivery of environmental benefits to a standard of peer reviewed industry best management practice which were over and above the farmer’s ‘environmental duty-of-care’. 

Australia should establish a National Stewardship Initiative, using seed capital from Government, with a clearly defined process and timetable for moving to a self-funded model. It aims should be to: a. engage all stakeholders; b. develop targeted R&D tax concession programmes to assist the private sector to best allocate R&D funding; c. design robust MBI’s incorporating national Best Management Practice (BMP) standards; consider in detail all funding options; create a communications strategy for end users and land managers to promote the ESS and its benefits. The benefit to Government, land managers, taxpayers and the environment is a more cost- effective delivery of landscape scale ecosystem services and preservation. It would also provide national oversight of the collective work that is being undertaken, ensure corporate knowledge is retained and remove many of the underlying factors that contribute to the current piece meal approach. The Initiative’s charter should include the establishment of: a National Stewardship Centre that contributes to ecosystem solutions and knowledge through innovative, interdisciplinary approaches to applied research, development, extension, practice and market engagement; a National Stewardship Framework to ensure rigour, integrity and consistency in the development of all ecosystem initiatives; and appropriate sites to undertake R&D and demonstrate the principles of the Initiative by show casing working rural landscapes delivering triple bottom line results.

	Australia21 (2008)9
Proposal for a National Ecosystem Services Strategy
	Key activities within a national ecosystem service strategy should be: 1. Developing and using information about ecosystem services; 2. Strengthening the rights of local people to use and manage ecosystem services; 3. Managing ecosystem services across multiple levels and timeframes; 4.
Improving the evaluation, accreditation and monitoring of ecosystem services using the work that has been extensively developed in Australia on Environmental Management Systems within the agricultural industry; 5. Aligning economic and financial incentives with ecosystem stewardship and sustainable management.

	Boyd & Banzhaf (2007)42
Standardized approach to environmental accounting that includes ecosystem services
	Environmental accounting frameworks require at least three things: 1. Definition and measurement of quantities (e.g., ecosystem services and benefit units); 2. Aggregation of the quantities (a process that requires information on the relative importance of different ecosystem services); 3. Gathering of information on the relative importance of different units (services) to support the aggregation process (e.g., estimation of willingness to pay for ecosystem services in place-based scenarios comparing decision options); 4. Depreciation of ecosystem assets, including intermediate assets and processes that are not ecosystem end-products but affect those end-products. The authors argue that developing biophysical models to predict changes in the stream of future ecosystem services is important but that the most progress can be made by first improving measurement of current services.

	Carpenter et al (2009)47
The research agenda
	Recent research has been addressing the basic science needed to assess, project, and manage flows of ecosystem services and effects on human well-being. Yet, our ability to draw general conclusions remains limited by focus on discipline-bound sectors of the full social–ecological system. At the same time, some polices and practices intended to improve ecosystem services and human well-being are based on untested assumptions and sparse information. The people who are affected and those who provide resources are increasingly asking for evidence that interventions improve ecosystem services and human well-being. New research is needed that considers the full ensemble of processes and feedbacks, for a range of biophysical and social systems, to better understand and manage the dynamics of the relationship between humans and the ecosystems on which they rely. Such research will expand the capacity to address fundamental questions about complex social–ecological systems while evaluating assumptions of policies and practices intended to advance human well-being through improved ecosystem services.

	Cosier & McDonald (2010)66
Approach to national environment accounts
	A system of environmental (ecosystem) accounts should be built around a common unit of measure which is capable of assigning a value for all environmental assets and indicators of ecosystem health.

The adoption of a system of environmental (ecosystem) accounts based on reference condition benchmarks creates this common currency for ecosystem health. This means that an environmental asset, such as a forest, can have both a monetary value and an ecological value. The result is a transparent system of accounting where the impact of economic activity (both positive and negative) on environmental health can actually be measured.

	Daily & Matson (2008)75
Priorities for advancing the concept of ecosystem services
	Advances are required on three key fronts: the science of ecosystem production functions and service mapping; the design of appropriate finance, policy, and governance systems; and the art of implementing these in diverse biophysical and social contexts. Scientific understanding of ecosystem production functions is improving rapidly but remains a limiting factor in incorporating natural capital into decisions, via systems of national accounting and other mechanisms. Novel institutional structures are being established for a broad array of services and places, creating a need and opportunity for systematic assessment of their scope and limitations. Finally, it is clear that formal sharing of experience, and defining of priorities for future work, could greatly accelerate the rate of innovation and uptake of new approaches.

	Mooney (2010)153
The ecosystem-service chain and the biological diversity crisis
	The losses that are being incurred of the Earth's biological diversity, at all levels, are now staggering. The political processes for matching this crisis are now inadequate and the science needs to address this issue are huge and slow to fulfil. A more integrated approach to evaluating biodiversity in terms that are meaningful to the larger community is needed that can provide understandable metrics of the consequences to society of the losses that are occurring. Greater attention is also needed in forecasting likely diversity-loss scenarios in the near term and strategies for alleviating detrimental consequences. At the international level, the Convention on Biological Diversity must be revisited to make it more powerful to meet the needs that originally motivated its creation. Similarly, at local and regional levels, an ecosystem-service approach to conservation can bring new understanding to the value, and hence the need for protection, of the existing natural capital. 

	Perrings et al (2011)177
Commentary on the establishment of the IPBES? And the relationship between governance and research
	A critical lesson from the Global Biodiversity Assessment, the Millenium Ecosystem Assessment, and the IPCC is that assessments should evaluate consequences of real policy options. This requires closer integration of the different elements of the science-policy process—research, monitoring, assessment, and policy development. Research uncovers mechanisms that explain how biodiversity change impacts ecosystem services and human well-being. Monitoring records trends in indicators of change. Assessment reports scientific evidence of change and evaluates mitigation, adaptation, or stabilization options identified by policy-makers. Policy selects the “best” response. The blueprint for the recently establishment Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES) includes all of these elements but concerns are being raised about whether the body can remain sufficiently independent of governments to test policy options generated by researchers and not necessarily put on the table by those governments. This concern is equally relevant for any government-established approaches to ecosystem services research and development and/or assessment of policy options.

	Seppelt et al. (2011)205
Quantitative review of ecosystem services studies
	Employing the ecosystem service concept is intended to support the development of policies and instruments that integrate social, economic and ecological perspectives. In recent years, this concept has become the paradigm of ecosystem management.

A diversity of approaches has been taken and there has been a lack of consistent methodology.

The holistic ideal of ecosystem services research includes: (i) biophysical realism of ecosystem data and models; (ii) consideration of local trade-offs; (iii) recognition of off-site effects; and (iv) comprehensive but critical involvement of stakeholders within assessment studies. These four facets should be taken as a methodological blueprint for further development and discussion to critically reveal and elucidate what may often appear to be ad-hoc approaches to ecosystem service assessments.

	Searle & Cox (2009)204
The State of Ecosystem Services
	Experience suggests that four factors determine whether an ecosystem services conservation program successfully changes behavior and achieves impact: clear science, defined benefit, confined system, and good governance.

	Steffen et al. (2009)209
Research agenda and learning from the past
	An important way to gain better understanding of the effects of management decisions on ecosystem services, and especially the potential trade-offs between ecosystem services, is to embed research and its evaluation as an interactive part of the policy and management process from its initiation. Ideal candidates for using such an approach are policies currently developed that afcets tradeoffs among food production, carbon storage, biodiversity, recreation, and water resources.

	Ecosystem Services Partnership (global)88
	The Ecosystem Services Partnership (ES-Partnership) was launched in 2008 by the Gund Institute for Ecological Economics (University of Vermont, USA) and is now being coordinated by the Environmental Systems Analysis Group (Wageningen University, the Netherlands), supported by the Netherlands Environmental Assessment Agency (Bilthoven, the Netherlands) and the Foundation for Sustainable Development (Wageningen, the Netherlands). The ES-Partnership aims to enhance communication, coordination and cooperation, and to build a strong network of individuals and organizations. ES-Partnership will enhance and encourage a diversity of approaches, while reducing unnecessary duplication of effort in the conceptualization and application of ecosystem services. By raising the profile of ecosystem services and promoting better practice, the ES-Partnership will also increase opportunities for financial support and help focus the funding of individual organizations for more efficient utilization of existing funds. The ESP is an institutional membership organization. Governance will be by a steering committee elected by the members. It will set the priorities for ES-Partnership activities and ensure that the ES-Partnership runs smoothly. Feedback from some members suggests that this governance approach is a major strength as it minimises the chance of the partnership being dominated by political imperatives.


Appendix VIII  SWOT analysis
Table 30 presents a strengths, weaknesses, opportunities and threats (SWOT) analysis for applying an ecosystem services approach within the Australian government. We have focussed on the Australian Government because we expect that this will be the immediate concern of DAFF as a result of this report and because broadening the analysis to include all sectors of Australian society would make for a very complex and confusing table. Most of the principles would apply to other sectors but the details would differ.

Table 30: Strengths, weaknesses, opportunities and threats associated with applying an ecosystem services approach within the Australian Government.
	Strengths (benefits)
	Weaknesses (costs)

	More efficient and effective policy through better strategic thinking and planning based on all types of capital underpinning human wellbeing

Improved communication between government departments once a common framework and agreed definitions are in place

Efficient and effective engagement with stakeholders once agreed principles and a framework are in place

Avoidance of criticism that food and population policy are not linked with environmental and social policy sufficiently well

Potential to provide a robust basis for policies that cut across multiple departments (e.g., population, water and food policy)

Constructive engagement with stakeholders, including recognition of the value of stakeholders’ contributions and less time dealing with disaffected interest groups)
	Initially high transaction costs to get agreement on principles and framework across departments if the approach proposed is overly detailed and specific

High transactions costs to involve a wide range of stakeholders in understanding and agreeing to a set of principles and a framework

Increased transaction costs associated with whole of government strategic interactions around an ecosystem services approach

Will require increased investment in key research to establish the benefits quantitatively and enable measurement to get to the point where regulations, incentives and markets can develop around multiple ecosystems services apart from carbon sequestration, water and aspects of biodiversity conservation

	Opportunities (potential benefits)
	Threats (risks)

	True long term sustainability for Australia

Increased support and respect for government’s role in leading Australia forward through the next few difficult decades 

New market opportunities for land managers

Increased recognition of the role of agriculture and regional communities in Australia’s long term sustainability strategies

A more nutritious food supply, the costs of which are fully factored in to a long term sustainability strategy
	Resistance and potential loss of goodwill from other departments and some stakeholders if the intent and assumptions behind the approach are not well explained

Alienation of some stakeholders if the intent and assumptions behind the approach are not well explained or are not in line with stakeholder views and interests

Ecosystem services might lose its popularity among other countries’ governments (this risk can be minimised by building the principles of an ecosystem services approach into policy so that language can be changed if necessary without changing intent and underlying processes)
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