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 6 

ABSTRACT 7 

 8 

This paper reviews approaches to measuring and managing the multiple ecosystem goods and services 9 

(EGS) provided by production landscapes. A synthesis of these approaches was used to analyse 10 

changes in supply of EGS in heavily cleared and fragmented production landscapes in south-east 11 

Australia. This included analysis of spatial and temporal trade-offs and synergies among multiple 12 

EGS. Spatially explicit, up-to-date and reliable information can be used to assess EGS supplied from 13 

different types of land uses and land cover and from different parts of a landscape. This can support 14 

effective management and payment systems for EGS in production landscapes. 15 

 16 

INTRODUCTION  17 

 18 

Managing landscapes to fulfil multiple demands of society is becoming a major challenge to policy 19 

makers. Land use-land covers are also changing rapidly in line with increasing population and 20 

changing demands of society (Ramankutty et al. 2002; Acevedo et al. 2010). In many parts of the 21 

world natural vegetation is being cleared to agriculture (Zak et al. 2008) and elsewhere, agricultural 22 

land is being revegetated for wood production, carbon farming or water catchment protection. In 23 

many cases, changes in land use-land cover affect the ability of landscapes to continue providing the 24 

quality and quantity of ecosystem goods and services (EGS) required for human health and well-being 25 
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(Foley et al. 2005; MEA 2005; Hector and Bagchi 2007). Predicting the effects of such land use-land 26 

cover changes on the provision of EGS has become an extremely active field of research (e.g., Foley 27 

et al. 2005; Zak et al. 2008; Polasky et al. 2011).  28 

In recent years, there is increasing focus on EGS in primary production landscapes (Maynard, James, 29 

and Davidson 2010; Wilson et al. 2010). Production landscapes provide the food, fibre and energy 30 

that people need. Production landscapes also benefit society by providing services that are not 31 

currently bought and sold in the marketplace and support ecosystem function, such as water 32 

regulation, wildlife habitat and associated biodiversity value. These benefits are not always 33 

complementary and we must often choose between competing uses of the environment and a number 34 

of EGS provided by a healthy landscape (Foley et al. 2005; Nelson et al. 2009; Raudsepp-Hearne, 35 

Peterson, and Bennett 2010). EGS, by definition, contain all the conditions and processes through 36 

which natural ecosystems, and the species that make them up, sustain and fulfill human life (Daily 37 

1997). Without efforts to classify, assess, quantify and value all the benefits associated with 38 

production landscapes, policy and managerial decisions will continue to be biased in favour of 39 

environmentally degrading practices. Furthermore, a lack of scientific understanding of the factors 40 

influencing provision of EGS and of their economic benefits limits their incorporation into land use 41 

planning and decision making (Daily et al. 2008; Kareiva et al. 2011). 42 

The aim of this paper is to review approaches to identifying, quantifying, valuing, mapping and trade-43 

off analysis for EGS. These approaches are considered in the context of two case study areas in 44 

changing landscapes in south-eastern Australia. These areas have been subject to long histories of 45 

land use change and provide potentially valuable insights into the changing patterns in the provision 46 

of EGS with changing land use. This area has been the subject of recent detailed study (Baral et al. 47 

2009, 2013). We provide an analysis of definitions and associated classification systems for EGS, an 48 

overview of techniques used to map and measure EGS, including qualitative, quantitative, economic 49 

valuation and social value approaches and summarise a variety of relatively new tools and techniques 50 

associated with measuring EGS. Trade-offs and synergies among multiple EGS and the role of 51 
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measuring and mapping EGS to support a market based instruments such as payments for ecosystem 52 

services in production landscapes are discussed. 53 

 54 

DEFINING AND CLASSIFYING EGS 55 

 56 

EGS are the aspects of nature that benefit people. Costanza et al. (1997) define EGS as the benefits 57 

human populations derive directly or indirectly from ecosystem functions. The Millennium 58 

Ecosystem Assessment (MEA 2005) categorised EGS into provisioning services, supporting services, 59 

regulating services and cultural services. Others have refined this definition to improve the 60 

applicability of EGS for decision-making, as outputs of ecological functions or processes that directly 61 

or indirectly relate to human well-being (Boyd and Banzhaf 2007; Wallace 2007; Fisher, Turner, and 62 

Morling 2009; TEEB 2009). EGS have been classified in a multitude of different ways (e.g. de Groot, 63 

Wilson, and Boumans 2002; MEA 2005; Wallace 2007; Costanza 2008; Fisher, Turner, and Morling 64 

2009). Definition and classification system of EGS are well discussed in previous papers (e.g., 65 

Wallace 2007; Costanza 2008; Fisher and Turner 2008; Nahlik et al., 2012). Some influential 66 

definitions that are frequently cited in environmental literature and associated classification systems 67 

are listed in Table S1. For the purposes of this paper, we use the definition proposed by the MEA – 68 

the benefits people obtain from ecosystems (MEA 2005).  69 

 70 

ASSESSING AND MAPPING EGS  71 

 72 

Since the publication of the Millennium Ecosystem Assessment’s outcomes in 2005 (MEA 2005), 73 

there has been rapid growth in the science of assessing and mapping multiple EGS (Nelson et al. 74 

2009; Braat and de Groot 2012; Crossman, Burkhard, and Nedkov 2012). The key reasons for 75 

assessing mapping and valuing are summarised in Table1. However, scientists have struggled to 76 
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assess EGS using consistent and comparable approaches (Crossman, Burkhard, and Nedkov 2012; 77 

Martinez-Harms and Balvanera 2012). EGS can be assessed at different spatial and temporal scales, in 78 

relation to their potential supply or production potential, demand and consumption, and using an array 79 

of indicators or metrics which usually involves three approaches, (i) judgement of potential capacity 80 

or qualitative assessment (Cork et al. 2001; Shelton et al. 2001; Burkhard et al. 2012), (ii) 81 

measurement of biophysical outcomes or quantitative assessment (Nelson et al. 2009; Raudsepp-82 

Hearne, Peterson, and Bennett 2010; Egoh et al. 2011), and (iii) economic valuation of these EGS 83 

(Costanza et al. 1997; TEEB 2010; de Groot et al. 2012) (Fig. 1). 84 

These approaches are being applied either separately or in combination. The assessed values are often 85 

transferred into a GIS environment and then displayed into EGS flow maps to produce spatially 86 

explicit results and analyse trade-offs and synergies among multiple EGS (see Nelson et al. 2009; 87 

Raudsepp-Hearne, Peterson, and Bennett 2010; Egoh et al. 2011). 88 

  89 
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Table 1. Key reasons for assessing, mapping and valuing ecosystem goods and services (EGS). 90 

 91 

Benefits of assessing, mapping and valuing EGS Reference 

Helps to make decisions about allocating resources between 

competing uses. 

Farley (2008) 

Raises awareness and conveys the relative importance of EGS to 

policy makers. 

De Groot et al. (2012) 

Improves the efficient use of limited funds by identifying where 

protection and restoration is economically most important and can 

be provided at lowest cost. 

Crossman and Bryan 

(2009); Crossman, Bryan, 

and King (2011) 

Determines the extent to which compensation should be paid for 

the loss of EGS in liability regimes. 

Payne and Sand (2011) 

Provides guidance in understanding user preferences and the 

relative value current generations place on ecosystem services. 

De Groot et al. (2012) 

Improves incentives and generates expenditures needed for the 

conservation and sustainable use of EGS.  

Farley and Costanza (2010) 

  92 
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 93 

 94 

Figure 1. Common approaches to assessing ecosystem goods and services, and associated time, data 95 

and cost requirement. The time, cost and data requirement depends on the number of services assessed 96 

and the size of the landscape and is indicative only. An alternative economic valuation approach 97 

commonly known as ‘benefit-transfer’ can be done quickly and cheaply although it is not an 98 

economic valuation methodology itself, but rather a procedure that uses valuation estimates from 99 

other ‘study sites’ to a given ‘policy site’(see Jensen and Bourgeron 2001) 100 

101 
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QUALITATIVE ASSESSMENT  102 

 103 

Lack of quantitative data has been cited as one of the major barriers in ecosystem management 104 

(Grantham et al. 2009; Burkhard et al. 2012) and ecosystems and their associated EGS will deteriorate 105 

further while we wait for improved data and delayed conservation actions (Grantham et al. 2009). 106 

Qualitative assessment approaches, such as participatory mapping tools, expert view or professional 107 

judgment, questionnaire and surveys can be utilised to assess the condition and trend of EGS (MEA 108 

2005; Burkhard et al. 2012b; Busch et al. 2012; Scolozzi and Geneletti 2012). Numerous authors have 109 

used these approaches using qualitative indicators such as high, moderate or low provision of EGS 110 

and increasing, decreasing or stable trends. Such qualitative assessment or value classes are often 111 

transferred into GIS to produce spatially explicit distribution maps (e.g. Burkhard et al. 2012b; 112 

Haines-Young, Potschin, and Kienast 2012; Vihervaara et al. 2010, 2012). However, these approaches 113 

are still debated among scholars and practitioners (Krueger et al. 2012). The results of such analysis 114 

are often subjective and error prone and the accuracy depend on the knowledge and experience of the 115 

expert or professional for a particular landscape. 116 

QUANTITATIVE ASSESSMENT  117 

 118 

Many authors have attempted to quantify the EGS in biophysical units using approaches such as field 119 

sampling and measurements, models, and extraction of regional or global data and reports (Luck, 120 

Chan, and Fay 2009; Nelson et al. 2009; Egoh et al. 2011). The key reasons for quantifying EGS in 121 

biophysical units are, (i) relative ease in assessing temporal changes in EGS (Burkhard et al. 2012a), 122 

(ii) relative ease in converting to monetary value for payment and compensation (Nelson et al. 2009), 123 

(iii) allocation of resources between competing uses (Nelson et al. 2009), (iv) trade-off analysis (Egoh 124 

et al. 2011), and (v) identifying conservation priority sites (Chen et al. 2006; Naidoo et al. 2008). 125 

However, quantitative assessment based on proxies and models has its own challenges including poor 126 

correlation between primary data sources where the proxies are generated and applied (Eigenbrod et 127 

al. 2010).   128 
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ECONOMIC VALUATION 129 

 130 

There are a number of reasons and associated methodologies for economic valuation of EGS. Several 131 

economic valuation methods focusing on utilitarian values are often used to quantify the benefits of 132 

EGS. In the past, many of these EGS have been traditionally viewed as free gifts from nature to 133 

society or ‘public goods’, including landscape amenity, watershed services and carbon storage. For 134 

this reason there was little attention to measuring and valuing such EGS. In addition, due to the lack 135 

of a monetary value and a formal market, these EGS are often overlooked in public and private 136 

resource planning and decision making. Recent developments in valuing EGS provide a basis for 137 

estimating economic benefits (Kareiva et al. 2011). Many EGS can be given monetary value using a 138 

range of economic approaches (Farber et al. 2006). A crucial aspect of monetary analysis is the 139 

discount rates used to assess the present value of future benefits and/or future value of current benefits 140 

(Bullock et al. 2011) because different rates can produce highly contrasting economic outcomes 141 

(Currie, Milton, and Steenkamp 2009). Key ecological and economic reasons for valuing EGS 142 

include: (i) economic incentives for conservation, (ii) improvements in the use and management of 143 

EGS, (iii) justification for allocation of public funding, and (iv) a useful step towards institutional 144 

innovation such as Payment for Ecosystem Services (PES) (Farber 2002; Barbier and Heal 2006; 145 

Turner, Morse-Jones, and Fisher 2010; Salles 2011).   146 

  147 
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SOCIAL AND CULTURAL VALUE OF EGS 148 

 149 

Some ecosystem services cannot be monetised, such as the many cultural services that reflect societal 150 

values (Gee and Burkhard 2010), cultural and religious beliefs such as sacred groves (Bhagwat and 151 

Rutti 2006; Of 2008). Although many cultural values are consistently recognised throughout the 152 

world, they are not adequately defined or integrated within the EGS framework (Daniel et al. 2012). 153 

In Australia, many parts of the landscape have important cultural values to Indigenous Australians and 154 

the protection of these values is seen as important to Traditional Owners. In such cases ‘non-155 

monetising’ approaches have been suggested, which involve analysing the choices and preferences of 156 

stakeholders (Farber et al. 2006). A non-monetised social value of EGS provides a standardised, 157 

quantitative indicator which can express relative value across geographic extents and within survey 158 

subgroups without relying on dollar-value terms (Sherrouse et al. 2011). In many cases, biophysical 159 

and economic values are included in spatial planning for conservation and environmental 160 

management and social values are ignored (Bryan et al. 2010). Psycho-social and cultural research 161 

perspectives suggest that value be considered as a psychological and cultural concept related to 162 

human perception (Nijkamp et al. 2008). The values perceived by society are often inadequately 163 

captured by conventional utilitarian valuation methods, which neglect the value of the psychological 164 

well-being derived from an individual’s relationship with nature (Kumar and Kumar 2008). Sherrouse 165 

et al. (2011) developed a GIS application to calculate and map the relative social values of EGS as 166 

perceived by diverse groups of ecosystem stakeholders that provides and alternative way to assess and 167 

map EGS. 168 

  169 
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MAPPING EGS 170 

 171 

Maps are a powerful tool for processing complex spatial and temporal data to support resource and 172 

environmental management as well as landscape planning (Burkhard et al. 2012a, 2012b; Crossman, 173 

Burkhard, and Nedkov 2012). Therefore, identifying key areas for EGS supply and displaying on map 174 

is increasing rapidly in recent years (Martinez-Harms and Balvanera 2012). A wide range of EGS are 175 

mapped using various methods in different geographic scales (Martinez-Harms and Balvanera 2012). 176 

Recently, Martinez-Harms and Balvanera (2012) identified 70 publications that mapped EGS between 177 

1995 to 2011 by searching on the ISI Web of Science, ScienceDirect and Google Scholar. They found 178 

that carbon storage/sequestration, food production, recreation and water quality/provision are most 179 

commonly mapped EGS whereas timber production is least mapped. Most of the reviewed studies 180 

used secondary data and focused on the regional scale (Martinez-Harms and Balvanera 2012). 181 

Depending on the extent and resolution, they provide better understanding of what EGS are provided 182 

by a given piece of land, landscape, region, state, continent and even globally, so that the level of 183 

provision of EGS can be monitored and managed efficiently (Burkhard et al. 2012a; Crossman, 184 

Burkhard, and Nedkov 2012).  185 

TOOLS AND TECHNIQUES TO ASSESS MULTIPLE EGS  186 

 187 

A number of tools have been developed for assessing, mapping, and analysing trade-offs among 188 

multiple EGS. Some widely used and influential tools are – Integrated Valuation of Ecosystem 189 

Services and Trade-offs (InVEST; Tallis et al. 2011), the Multi-scale Integrated Models of Ecosystem 190 

Services (MIMES; Boumans and Costanza 2008), and Artificial Intelligence for Ecosystem Services 191 

(ARIES; Villa et al. 2009, 2011).  192 

  193 
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INVEST - INTEGRATED VALUATION OF EGS AND TRADE-OFFS 194 

 195 

In 2006, three key authors of the Millennium Ecosystem Assessment (MEA) took an initiative to take 196 

the next step forward by forming the Natural Capital Project which is dedicated to bring EGS science 197 

into practice (Kareiva et al. 2011). InVEST is a key outcome of the Natural Capital Project and it is 198 

currently being applied and validated worldwide (Kareiva et al. 2011). The tool and series of 199 

associated models can be used to analyse the effect of different land use and management scenarios 200 

on the provision of biodiversity habitat and a wide range of EGS (Polasky et al. 2011). 201 

THE MULTI-SCALE INTEGRATED MODELS OF ECOSYSTEM SERVICES (MIMES) 202 

 203 

MIMES is a suite of models for land-use change and marine spatial planning decision making. The 204 

models quantify the effects of land and sea use change on EGS and can be run at global, regional, and 205 

local levels (Grigg et al. 2009). MIMES use input data from GIS sources and time series to simulate 206 

ecosystem components under different scenarios defined by stakeholder input. These simulations can 207 

help stakeholders evaluate how development, management and land use decisions will affect natural, 208 

human and built capital (Grigg et al. 2009). 209 

ARTIFICIAL INTELLIGENCE FOR ECOSYSTEM SERVICES (ARIES) 210 

 211 

ARIES is a new methodology and web application designed to assess EGS and illuminate their values 212 

to humans in order to make environmental decisions easier and more effective (Villa et al. 2009). 213 

ARIES and the corresponding rapid assessment software toolkit can currently handle a sizable cross-214 

section of the EGS problem area; the methods and models are being fine-tuned in case studies in 215 

Madagascar, USA, Mexico, Spain, and elsewhere (Villa et al. 2011).  216 
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EGS ASSESSMENT IN CHANGING LANDSCAPES: A SOUTH-EAST 217 

AUSTRALIAN  PERSPECTIVE  218 

 219 

Since European settlement from 1788, large parts of the south-eastern Australian landscape have been 220 

intensively modified to provide food and fibre (Steffen et al. 2009). There is some debate that most 221 

parts of south-eastern Australia were burnt more or less on an annual basis by the aboriginal people 222 

prior to European settlement (Flannery 1994, 1998; Ryan et al. 1995; Benson and Redpath 1997). 223 

However there is no clear evidence regarding pre-European fire regimes and associated impacts on 224 

vegetation communities and it is commonly believed that the south-east Australian landscape was 225 

covered with intact native vegetation. The effect of large-scale vegetation clearing has commonly 226 

resulted in widespread environmental changes including the degradation of land and water resources 227 

(Walker et al. 2009; Pittock, Cork, and Maynard 2012) and biodiversity (Steffen et al. 2009). 228 

Production of food by growing crops and raising stock enhanced private goods or provisioning 229 

services at the expense of regulating and cultural services such as biodiversity, water quality, gas 230 

regulation and recreation (Cork, Stoneham, and Lowe 2007; Steffen et al. 2009; Pittock, Cork, and 231 

Maynard 2012). Similar land-use changes and trade-offs among EGS has been reported elsewhere 232 

(e.g., Falcucci, Maiorano, and Boitani 2007; Rudel et al. 2009; Acevedo et al. 2010; Vihervaara et al. 233 

2011) although the magnitude of change and associated impact may vary. 234 

The state of Victoria is the most extensively cleared Australian state and has also been subject to the 235 

longest history of land use by European settlers (Pittock, Cork, and Maynard 2012). Victoria 236 

comprises a rich variety of terrestrial ecosystems which result from a diversity of terrain, climate, 237 

geology and soil types (MacEwan et al. 2008). Over recent decades, land use practices have changed 238 

significantly and landscapes have been modified to suit this diversity of climate and soil. While the 239 

value of commodities produced from production landscapes has been recognised since the beginning 240 

of settled agriculture, it is becoming increasingly important to understand the wider uses and benefits 241 

that rapidly changing production landscapes provide society (Dale and Polasky 2007; Bennett et al. 242 

2009; DSE, 2009). Key EGS in the south-eastern Australia area (Cork, Stoneham, and Lowe 2007; 243 



 

13 

 

Steffen et al. 2009; Baral et al. 2013) are provided in Table 2 with further details of some recent 244 

studies on EGS assessment and mapping in south-eastern Australia summarised in Table 3.  245 

A rapid qualitative assessment of EGS from two contrasting landscapes in Victoria that are 246 

representative of the range of production landscapes across most of south-eastern Australian provides 247 

an understanding of land use-land cover change and associated impacts on EGS. For both case studies 248 

we used peer reviewed papers, published reports and expert opinion for qualitative assessment and 249 

ranking. In spite of some limitations discussed in Section 2.4.1, we employed a qualitative approach 250 

to demonstrate the observed and potential impact of land use-land cover change on EGS with limited 251 

data, time and resources. In addition, the four authors involved in this study have substantial 252 

experience and prior knowledge of this study landscape and feedback from other stakeholders and 253 

agencies has also been incorporated.254 
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Table 2. Important ecosystem goods and services (EGS) in south-eastern Australia. Letters in brackets represent MEA ecosystem service categories: provisioning (P), 

regulating (R), cultural (C) and supporting (S) services. EGS description and beneficiary types are adapted from Baral et al. (2013) and criteria range and codes for scale and 

time lag are adapted from Bennett et al. (2010): ‘O’ on-site (in situ delivery), ‘L’ local (off-site, 100 m – 10 km), ‘R’ regional (10-1000 km), ‘G’ global (>1000 km), time lag 

‘I’ immediate (<1 year), ‘F’ fast (1 year to ≤10 years), ‘M’ medium (11 to ≤30 years), ‘S’ slow (31 to ≤50 years), ‘VS’ very slow (>50 years). Unit of measurement ‘m
3’ 

cubic 

metre, ‘ML’ mega litre, ‘DSE’ Dry Sheep Equivalent which is equivalent to 0.125 Large Stock Unit, ‘Mg’ mega gram, ‘kg’ kilogram. 

EGS Description Beneficiary/use Scale 

Time 

lag Unit of measurement 

Timber production 

(P) 

Provision of timber, pulp from managed plantations and native 

production forests 

Private  O M m
3
 or tons ha

-1
 

Provision of Water 

(P)  

Filtering, retention and storage of freshwater available for human 

consumption or industrial use 

Public O-R F-VS ML ha
-1

 yr
-1

 

Forage production (P) Production of forage for domestic livestock mainly from pasture 

and grazing land 

Private  O I-F DSE ha
-1*

 

Carbon sequestration 

(R) 

Capture atmospheric carbon dioxide in trees, shrubs and other 

vegetation 

Public O-G F-VS Mg ha
-1

 yr
-1

 

Nutrient regulation 

(R) 

Internal cycling, processing and acquisition of nutrients by 

vegetation and microorganisms 

Private O-L I-VS kg ha
-1

 yr
-1

 

Pollination (R) Pollination of wild plant species and harvested crops Private/Public  O-R  I-S Number of, or impact of 

pollinating species 

Carbon stock (R) Stock of carbon in wood, other biomass and soil and keep CO2 out 

of the atmosphere  

Public/Private O-R F-VS Mg ha
-1

   

Water regulation (R) Role of land cover in regulating hydrological flows by vegetation  Public /Private O-R M-VS m
3
 ha

-1
 

Salinity water 

disposal (R)  

Storage of saline water  Private/Public O-L I-S  

Flood control (R) Control of floods  Private/Public O-R M-S Number of prevented flood 

events 

Aesthetic beauty (C) Attractive landscape features helps enjoyments of scenery  Private/Public O-R F-S Presence of landscape features 

Recreation (C) Travel to natural ecosystems for eco-tourism, outdoor sport etc Public L-R I-VS N° of visitors yr
-1

, $ ha
-1

 yr
-1

 

Soil protection (S) Promotes agricultural productivity and the integrity of natural 

ecosystems 

Private/Public O-R F-VS ha yr
-1

 

Biodiversity (S) Landscapes capacity to hold naturally functioning ecosystems 

support a diversity of plant and animal life 

Public/Private O-R I-VS  
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Table 3. A summary of recent studies on assessment and mapping of ecosystem goods and services (EGS) in south-eastern Australia 

Study location Method and objectives EGS measured and/or mapped Reference 

South Australian 

Murray Darling Basin 

region 

social value of EGS mapped into GIS environment in 

order to indentify focal areas for high priority sites for 

environmental conservation and management  

31 EGS based on MEA categories Bryan et al. 

(2011) 

Torrumbarry Irrigation 

area in northern 

Victoria 

spatial targeting within a cost-benefit framework to 

reconfigure irrigated agricultural landscapes to reduce the 

water use and enhance provision of EGS  

salinity mitigation, climate regulation, water, 

agricultural production, recreation and 

amenity 

Crossman et al. 

(2010) 

North-west Victoria use of readily available data on vegetation classes, 

conditions and associated characteristics to manipulate the 

EGS at landscape scale  

climate regulation, water regulation, 

disturbance regulation, controlling 

contaminants, supply of raw materials, habitat 

protection and cultural and amenity values 

Yapp, Walker, 

and Thackway 

(2010) 

South-east Queensland  ecosystem-based framework and the process that produces 

matrices and maps to identify and illustrate the linkages 

between EGS and the community well-being 

28 EGS under MEA categories  Maynard, James, 

and Davidson 

(2010) 

South Australian 

Murray Darling Basin 

use of mathematical programming to support cost-effective 

environmental investment decisions under uncertainty  

23 EGS under MEA categories  Bryn (2010) 

Lower Murray region  integration of disparate landscape-scale biophysical and 

economic data and models to identify cost-effective 

hotspots for restoring EGS and enhancing landscape multi-

functionality  

agricultural production, soil conservation, 

water, carbon sequestration, biodiversity 

benefits 

Crossman and 

Bryan (2009) 

The Goulburn Broken 

Catchment, North-

central Victoria 

a multi-phase interactive process among various 

stakeholders for mutual understanding and participatory 

decision making about ecosystem services and 

identification of more sustainable land management 

options 

12 EGS, mainly regulating, and cultural 

services ranked based on landowners 

preferences 

Cork and Proctor 

(2005) 

The Goulburn Broken 

Catchment, North-

central Victoria 

use of multi-criteria evaluation to identify key natural 

resource management issues and assess various scenarios 

for the study region in terms of ecosystem services  

wide range of regulating services – such as, 

water flow regulation, erosion control, 

maintenance of soil health, pest control 

Proctor et al. 

(2002) 
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CASE I: LOWER GLENELG BASIN, SOUTH-WESTERN VICTORIA 

 

Sub-catchment G8 of the Glenelg Hopkins Catchment is located in the Green Triangle region of 

south-western Victoria spanning over 300 km
2 
(8-198 m asl, 37º 50’ S, 141º 30’ E). This area was 

selected because of its concentration of commercially valuable hardwood and softwood plantations 

where the focus is on production forestry with the provision of a variety of EGS. Further details about 

this study site can be found in Baral et al. (2009).  

To assess the impacts of land use-land cover changes we used three temporal reference points, (i) pre-

European condition from modelled vegetation data (it was assumed that the native vegetation of the 

study area was intact until European settlement), (ii) pre-1970s or conversion to pasture: a large 

proportion of native vegetation was converted to pasture by this time with very limited plantation 

establishment or other afforestation activity, and (iii) recent condition or post-1970s: in recent years a 

large proportion of pasture and some native vegetation has been converted to managed forestry 

plantations. The effects of these land use-land cover changes on potential supply of EGS were 

assessed according to the relative capacity of a particular land cover to provide various EGS and 

represented using flower diagrams for the different time periods (Fig. 2-2). Similarly, the changes in 

the demand and associated value of EGS over time was assessed qualitatively using changes in 

population or EGS beneficiaries at the local,   state and the national scale (Fig. 2). 

Total EGS from land with intact native vegetation was significantly reduced after conversion to 

pasture. In contrast, more recent conversion of pasture to managed plantation increased the provision 

of most EGS. On the other hand the demand for most of the EGS has increased due to the number of 

user or beneficiaries of EGS since European settlement in Australia while supply is diminishing.
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Figure 2. Typical land use transition in the Green triangle region of south-eastern Australia and potential trade-offs among multiple ecosystem goods and 

services. Text in the box represents the population in Australia (and Victoria in brackets) at different points in time (top row) and the approximate proportion 

of native vegetation pasture and plantation (bottom row). The provision of ecosystem goods and services are applicable to particular transitions and are 

indicative only (figure inspired by Foley et al. 2005). 
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CASE II: REEDY LAKES AND WINLATON, NORTH-CENTRAL VICTORIA  

 

The study site between Kerang and Lake Boga is located in north-central Victoria, Australia, 

approximately 320 km north-west of Melbourne (35.972º S, 143.228º E). The total area spans about 

30,000 ha, essentially defined by the boundaries of the Little Murray and Lower Loddon Rivers in the 

North, West and South and the Murray Valley Highway in the West. Further details about this study 

area can be found in Mansergh (2010). This area has been extensively cleared for agriculture and is 

now highly fragmented and often degraded. More recently, Kilter Pty Ltd (an asset management 

group servicing the superannuation sector), has been selecting land in this region and managing it 

under a long-term program (Future Farming Landscapes, FFL) that aims to restore landscapes to their 

most sustainable configurations.  

Similar to the Lower Glenelg basin case study, three temporal reference points were used to assess the 

impact of land use land cover changes – (i) pre-European condition from modelled historical 

vegetation data: it was assumed that the study area remained with intact native vegetation until 

European settlement and vegetation modification in the early 1850s, (ii) current or intensive 

agricultural focus: a large proportion of native vegetation converted to agriculture since the 1850s, 

and (iii) future farming landscape: proposed landscape reconfiguration through the FFL program 

which comprises a mixture of irrigated cropping, biodiversity, grazing, perennial horticulture, and 

agroforestry, spanning 25% of the study area. The effects of these land use-land cover changes on 

EGS were assessed based on their relative capacity using available literature relevant to south-eastern 

Australia (Table4, Fig. 3). 

Results indicated mixed outcomes of land use-land cover changes for the provision of EGS. However 

spatially targeted proposed land-use changes in this study landscape could result in an increase in 

supply of a number of EGS. This is primarily due to conversion of intensively managed agriculture 

and pasture land to environmental plantings, low intensity grazing and agroforestry activities.   
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Table 4. Potential effects of future land-use change (conversion of irrigated and dryland farming to 

future land uses under the Future Farming Landscapes program) on various ecosystem goods and 

services. Qualitative scale based on that used by others (Shelton et al. 2001; MEA 2005; Bullock et al. 

2007, 2011; Dowsan and Smith 2007; Cao, Chen, and Yu 2009; Ostle et al. 2009; de Groot and van 

der Meer 2010a): ‘+’ positive, ‘++’ strongly positive, ‘0’ neutral or no change, ‘-’ negative, ‘- -’ 

strongly negative, ‘?’ not known. Letters in brackets represent Millennium Ecosystem Assessment 

categories: provisioning (P), Regulating (R), Cultural (C) and Supporting (S) services. 

 

Ecosystem Goods and 

Services 

Future Land Use 

Environmental planting Agroforestry Grazing Agriculture 

Forage production (P) -- -- + -- 

Food production (P) 0 0 0 ++ 

Wood production (P) 0 ++ 0 0 

Carbon stock (R) ++ ++ + 0 

Carbon sequestration (R) ++ ++ + 0 

Water supply (P) - -- + 0 

Water regulation (R) ++ + + 0 

Flood control (R) ++ + + 0 

Nutrient regulation (R) ++ + + 0 

Wildlife habitat (S) ++ + + 0 

Pollination (R) + ? + 0 

Aesthetic beauty (C) ? ? ? 0 

Recreation (C) + + ? 0 

Soil protection (S) ++ + + 0 

Salinity mitigation (R)  + + +  0 
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Figure 3. Possible land-use changes in the study area and associated trade-offs among ecosystem services. 

Intensively managed croplands can potentially be converted to four different land uses which produces different 

response to various EGS, (i) intensive agriculture relative to recent past intensive pasture will have no effect on 

major EGS with this land-use change simply replacing forage production with food production, (ii) 

environmental planting with native tree species will have a positive effect on native species richness and carbon 

sequestration but reduce water availability, (iii) grazing (extensive) – an extensive form of grazing with 

biodiversity consideration will potentially enhance native species richness and some carbon sequestration but 

will reduce forage production and have no effect on water availability, and (iv) commercial agroforestry systems 

will enhance wood production and carbon sequestration but have negative effects on native species richness and 

water availability (figure inspired by Bullock et al. 2011).   
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LESSONS FROM TWO CASES STUDIES  

The two examples presented here show that anthropogenic driven land-use change can alter the 

ecosystem’s capacity to provide various EGS required for human well-being. In our study clearing of 

native vegetation provided important benefits for early settlers, as provided for production of 

ecosystem goods (e.g., timber, food production). However, replacement of deep-rooted perennial 

woody vegetation for shallow rooted annual crop or modified pasture reduced the supply of many 

regulating services, such as water regulation, soil protection and climate regulation (Jones et al. 2007; 

Yapp, Walker, and Thackway 2010) and reduced habitat and conservation services. When assessing 

EGS consumed by humans we have to delineate between the ends and means (Fisher and Turner 

2008). Some EGS are considered to be intermediate services while others generate final benefit or 

end. In our case, for example, timber production can provide intermediate benefits for carbon 

sequestration/stock which depend on the use of the timber. However, timber itself can be used for 

human benefits and becomes a final EGS (see Boyd and Banzhaf 2007; Fisher and Turner 2008). 

Results also demonstrated that commercial plantations and restoration efforts can enhance the 

provision of different EGS but the results are not always complementary and trade-offs are inevitable 

(Bullock et al. 2011). Demands for many EGS are increasing due to the population growth, market 

trend, and changes on societal preferences (MEA 2005; FAO 2007; Baral et al. 2013). The value of 

different EGS to society also changes over time. As more basic needs for subsistence are met, or as 

the knowledge of the importance of different services for longer-term survival increases, societies 

have begun to place more value on services such as water quality or carbon sequestration (Baral et al. 

2013).  

Qualitative assessment of EGS benefits supplied from different types of land uses and land cover from 

different parts of a landscape can be useful for initial assessment and scoping study. To this end, our 

results presented here are indicative only and more rigorous assessment such as quantitative and 

economic valuation are required for final assessment (see Baral et al. 2009; 2013).  
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KEY ISSUES ASSOCIATED WITH EGS IN CHANGING LANDSCAPES 

 

TRADE-OFFS, AND SYNERGIES  

 

Trade-offs among EGS occur when an increase in one service leads to a decrease in one or more other 

services, and represent important externalities in current approaches to EGS management (Rodriguez 

et al. 2006; Bennett et al. 2009). Trade-offs in EGS can be classified along three axes: (a) spatial scale 

– location of trade-offs, (b) temporal scale – timing of trade-offs, and (c) reversibility – the possibility 

of perturbed EGS returning to an improved state (MEA 2005; Rodriguez et al. 2006). Typically, 

trade-offs among EGS arise from management choices and specific management practices made by 

human society that can change the nature, magnitude and direction of services provided by 

ecosystems (MEA 2005; Rodriguez et al. 2006).  

Synergies occur when services either increase or decrease due to simultaneous response to the same 

driver or due to true interactions among services (Bennett et al. 2009; Chattere and Agrawal 2009). 

For example, a synergistic relationship exists among wildlife habitat and recreation opportunities in 

protected areas such as national parks and wildlife reserves. The protected areas provide better habitat 

for wildlife and also enhance opportunities for recreation and ecotourism (Lindsey et al. 2007). In 

assessing trade-offs and synergies between alternative uses of ecosystems, the total bundle of EGS 

provided by different conversion and management states need to be considered (Braat and de Groot 

2012). 

A number of researchers have studied the trade-off between two products and services provided by 

forested ecosystems such as timber production and carbon sequestration (Seidl et al. 2007) and, 

multiple EGS (Nelson et al. 2009; Raudsepp-Hearne, Peterson, and Bennett 2010). They found that 

trade-offs are inevitable in many cases. Chattere and Agrawal (2009) analysed the relationships 

between institutional factors and multiple benefits such as carbon storage and livelihood options using 

original data for 10 countries across Asia, Africa, and Latin America. They found that larger forest 
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size and greater rule-making autonomy at the local level are associated with high carbon storage and 

livelihood benefits and differences in ownership of forest are associated with trade-offs between 

livelihood benefits and carbon storage. 

PAYMENTS FOR ECOSYSTEM SERVICES 

 

Payments for private ecosystem goods (e.g., food and timber) have commonly occurred in markets 

throughout human history. However public services (e.g., fresh air, recreation) do not receive price 

signals in markets and hence there are little financial incentives for landowners to produce them 

(Ribaudo et al. 2010). Payments for ecosystem services (PES) are part of a new and more direct 

conservation paradigm, explicitly recognising, (i) the need to bridge the interests of landowners and 

the broader society, (ii) the costs of providing different ecosystem services, and (iii) that those that 

benefit from these services to pay these costs. The underlying idea of PES is that EGS beneficiaries 

(which may include individuals elsewhere, firms or broader community through the government) 

make direct, contractual and conditional payments to local landholders in return for adopting practices 

that provide increased services, for example through ecosystem conservation and restoration. A 

number of financial incentives or PES type payment mechanisms are in place and have been practiced 

in south-eastern Australia for some time. These have been generally described as market-based 

instruments (MBIs) and include approaches such as Eco-Tender (Eigenraam et al. 2006), Bush Tender 

(Stoneham et al. 2003) and Bio-banking (Burgin 2008). Such financial incentives can have both 

synergies and tensions for land use and management practices which ultimately results in a range of 

trade-offs and co-benefits across multiple EGS (see Bryn 2013).   

Establishing a baseline and a quantified measure of EGS following the payment or credit transaction 

are key requirement for any successful PES or MBIs (Patterson and Coelho 2009). 
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CONCLUDING COMMENTS 

 

This review and initial analysis for two case study areas indicated that measuring EGS is a vital step 

for valuation to guide management and for payments to provide incentives for the maintenance or 

enhanced provision of currently unpriced ecosystem services such as water quality, carbon 

sequestration or biodiversity conservation. However, multiple and complex definitions and 

classification systems for EGS are often confusing for decision and policy makers. This confusion is 

likely to be counterproductive in building the case for investment in measures to reduce land or 

vegetation degradation and enhance the provision of ecosystem services (Wallace 2008). In addition, 

the inconsistency in methods to assess and map EGS is a challenge for their inclusion in national 

accounts and broader policy and natural resource management decision making (Crossman, Burkhard, 

and Nedkov 2012). Furthermore, ongoing land use-land cover and climate change place further 

complexity on future measurement and management of multiple EGS.  

The case studies highlight the impact of land-use change on provision of EGS in south-eastern 

Australia. Such land-use changes are similar to those occurring elsewhere, particularly in sub-tropical 

or temperate developing regions. Our findings therefore have broader relevance, although we 

recognise that the impacts of land-use changes on EGS will depend on local circumstances. Assessing 

EGS supplied from different types of land uses and land cover from different parts of a landscape, and 

identifying who benefits from these services, are critical steps in the development of effective land 

use policy and decision-making. Spatially explicit, up-to-date and reliable information about EGS are 

required to support this assessment.   
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Table S1. Major classification systems of ecosystem goods and services. 

 

Costanza et al. (1997) Daily (1997) Cork et al. (2001) MEA (2005) Wallace (2007) TEEB (2009) de Groot et al. (2010b) 

Definition       

the benefits human 

populations derive, 

directly or indirectly, 

from ecosystem 

functions 

the conditions and 

processes through 

which natural 

ecosystems, and the 

species that make 

them up, sustain and 

fulfill human life 

use Daily (1997)  the benefits 

people obtain 

from ecosystems 

use MEA (2005) the direct and 

indirect 

contributions of 

ecosystems to 

human well-being 

 use MEA (2005) 

Classification system       

food production (e.g. 

fish, game, fruit) 

food pollination food food food food 

raw materials durable materials 

(natural fibre, timber) 

life-fulfilling 

services 

fibre oxygen raw materials fibre, fuel other raw 

materials 

water supply energy (biomass 

fuels) 

regulation of 

climate 

fuel water water biochemical products 

and medicinal 

resources 

gas regulation industrial products pest control genetic resources energy genetic resources ornamental species 

and/or resources  

waste treatment pharmaceuticals genetic resources biochemicals, 

natural medicines 

dispersal aids medicinal resources genetic materials 

erosion control and 

sediment retention 

genetic resources maintenance and 

regeneration of 

habitat 

ornamental 

resources 

protection from 

predators 

ornamental 

resources 

water 

pollination genetic resources  provision of shade 

and shelter 

freshwater protection from 

disease and parasites 

air quality 

regulation 

air quality regulation 

disturbance 

regulation 

cycling and filtration 

processes 

filtration and 

erosion control 

air quality 

regulation 

temperature climate regulation water regulation 

climate regulation translocation 

processes (dispersal 

of seeds, pollination) 

maintenance of 

soil health 

climate regulation moisture moderation of 

extreme events 

waste treatment 

biological control regulation of 

hydrological cycle 

regulation of river 

flows and 

groundwater 

levels 

water regulation chemical waste treatment erosion protection 
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nutrient cycling river channel stability waste absorption 

and breakdown 

erosion regulation spiritual and 

philosophical 

contentment 

erosion prevention pollination 

soil formation  moderation of 

weather extremes 

 water purification 

and waste 

removal 

benign social group maintenance of soil 

fertility 

natural hazard 

mitigation 

refugia partial stabilization of 

climate 

 disease regulation recreation/leisure pollination climate regulation  

recreation control of pest 

species 

 pest regulation meaningful 

occupation 

biological control biological regulation  

cultural aesthetic beauty  pollination aesthetics maintenance of life 

cycles of migratory 

species 

soil formation and 

regeneration  

 cultural, intellectual 

and spiritual 

inspiration 

 natural hazard 

regulation 

opportunity values maintenance of 

genetic diversity 

genepol protection  

 scientific discovery  cultural diversity  aesthetic 

information 

nursery habitat 

 serenity  spiritual and 

religious values 

 opportunities for 

recreation & 

tourism 

recreation and tourism 

 existence value  knowledge 

systems 

 inspiration for 

culture, art and 

design 

cultural heritage and 

identity 

 maintenance of the 

ecological 

components and 

systems needed for 

future supply 

 educational values  spiritual experience aesthetic 

   inspiration  information for 

cognitive 

development 

inspiration for culture 

art and design 

   aesthetic values   spiritual and religious 

inspiration 

   social relations   education and science 

 


