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Abstract 

 
Monetary valuation techniques are often used for evaluating the effect of a change in ecosystem services on 

components of human wellbeing, even though they face several problems such as poor scientific knowledge on 

ecological-economic interactions, difficulty for monetary valuation techniques to consider the effect of intermediate 

ecosystem services on final ones, cognitive limitations of individuals, right-based responses made by individuals 

instead of consequentialism-based ones,… Considering those limits, this paper proposes an alternative approach for 

reconciling monetary valuation techniques with methods that address ecosystem-economy interactions. To achieve 

this goal, we develop a guiding framework that limits the use of monetary valuation to real market simulations. 

Simulations of scenarios of environmental measures are carried out with a hybrid ecological-economic input-output 

model. The guiding framework ensures that monetary valuation techniques contribute to the understanding of the 

impact of economic activities on changes in ecosystems services and the feedback impact of these changes on 

economic activities. The framework operates according to a double dichotomy: intermediate/final ecosystem services 

and direct/indirect monetary valuation techniques. One advantage of our guiding framework is to consider the 

importance of intermediate ecosystem services even if they cannot be monetized. This seems very relevant since 

intermediate services condition the existence of all other ecosystem services that ensure benefits to human life and 

economic activities. Our guiding framework may give natural scientists a better understanding of how to take 

advantage of economics in analyzing the impacts of interactions between the economy and the ecosystem. 
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1. Introduction 

 

The ecosystem services paradigm
1
 favors a better apprehension of interactions between the 

functioning of parts of ecosystems and components of human wellbeing such as leisure time, 

health, education, income, purchasing power, etc. (Fisher et al., 2009 ; MA, 2005; Carpenter et 

al., 2006; Sachs and Reid, 2006). It focuses on preserving the ecosystem as a whole rather than 

on managing specific natural resources and uses. As a result, it provides a policy shift from 

previous resource-centered and species-centered visions of environmental preservation towards a 

new environmental policy vision based on the preservation of ecological functions and ecosystem 

services. 

 

Monetary valuation techniques are often used for evaluating the effect of a change in ecosystem 

services on components of human wellbeing as they are a way to guide trade-offs in decision-

making processes (Wincler, 2006). Such evaluations are however difficult to undertake for 

various reasons, among which limited scientific knowledge about ecosystems. It is indeed 

complex to apprehend interactions between ecological functionalities and the production of 

ecosystem services used by humans (Daily et al., 2009; Polasky et al., 2011). This may explain 

why ecosystem services are often underestimated. Another problem is that monetary valuation 

techniques (e.g. Costanza et al., 1997; de Groot et al., 2002) are generally micro-specific (i.e. 

analytic) rather than systemic (Ackerman, 2004; Venkatachalam, 2007). These techniques have 

difficulties in assessing interactions between intermediate ecosystem services and final ecosystem 

services whereas those interactions are at the source of every benefit obtained by humans from 

final ecosystem services. This drawback contributes to explaining why environmental agencies 

do not exclusively use monetary techniques during the decision-making process of a potential 

environmental project. An additional difficulty relates to human cognitive limitations occurring 

in monetary techniques such as stated preference approaches, largely applied for assessing non-

market environmental values. Most individuals would have problems weighing up complex or 

unfamiliar environmental issues with global effects occurring over a long period of time and/or 

large geographical scales (Markandya et al., 2005; O’Connor, 2000; Ashford, 1981). That can 

partly explain the price differential between environmental intention and action (Rowlands et al., 

2003). A further reason explaining why it is sometimes hard to measure the effect of a change in 

ecosystem services on components of human wellbeing with monetary valuations techniques is 

that economic theory of decision-making assumes a preference utilitarian philosophy so that 

individuals determine whether an action is right or wrong on the basis of its consequences. 

However, many individuals, when they express their willingness to pay (WTP), do not express 

their appreciation of the estimated consequences of an environmental policy (consequentialism-

based respondents) although they are well explained to individuals before starting the 

questionnaire (Spash et al., 2009)
2
. This questions the capacity of monetary valuation techniques 

                                                 

1
 See definitions of the concept of ecosystem service in MA (2005), Costanza et al. (1997), Daily (1997), Boyd and 

Banzhaf (2007) and Fisher et al. (2009). 
2
 Many individuals are rather expressing an ethical position based on existence right (right-based respondents) for 

species, for natural habitats or for humans without considering the consequences of modifications of causal 
relations between human activities and those habitats or species that provide ecosystem services. Right-based 
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based on stated preference methods to correctly assess the economic value of changes caused by 

economic activities to ecosystem services and subsequent consequences for the part of human 

wellbeing they satisfy. 

 

Although monetary valuation of ecosystem services suffers from several limits such as those 

mentioned above, this paper proposes a guiding framework for integrating monetary values into a 

larger approach based on the study of interactions between the ecosystem and the part of human 

wellbeing that depends on the economy. For achieving this goal, the guiding framework is built 

in a manner that limits the use of monetary valuation to real market simulations. Those market 

simulations, in which monetary values are inserted, are carried out inside a hybrid Input-Output 

(I-O) model (Daly, 1968; Isard, 1968) that focuses on crossed interactions between components 

of the ecosystem and the economy.  

 

The guiding framework ensures that monetary valuation techniques contribute to the 

understanding of the impact of economic activities on changes in ecosystems services and the 

feedback impact of these changes on economic activities. It operates according to a double 

dichotomy: intermediate/final ecosystem services and direct/indirect monetary valuation 

techniques (see Section 4). One advantage of this guiding framework is to consider the critical 

importance of intermediate ecosystem services, even if they cannot be monetized, as they 

condition the existence of all other ecosystem services that benefit human life and economic 

activities.  

 

The remainder of the paper is organized as follows. Section 2 categorizes ecosystem services into 

intermediate services, final services and benefits. It explains why our approach limits the use of 

monetary valuation techniques to benefits produced by final ecosystem services. Section 3 

presents the hybrid I-O model. Section 4 describes the guiding framework for the integration of 

monetization into the I-O model while the last section is devoted to discussion and the 

conclusion.   

 

2. Monetary valuation techniques and their limits for a full assessment of ecosystem services 

 

One possible approach to measure the impact of changes in ecosystem services on components of 

human wellbeing is, after specifying spatial and temporal boundaries, to express their value in 

physical terms and then convert them into monetary units. Various monetary valuation techniques 

can be used to measure ecosystem services. An overview of these techniques can be found in de 

Groot et al. (2002) who built a table based on a synthesis study published by Costanza et al. 

(1997) from over 100 scientific papers. Although this table offers a good summary to match 

monetary valuation techniques with the proper category of ecosystem services, it might also be 

somewhat misleading, as it shows that the diverse techniques are capable of valuing all categories 

of ecosystem services. This appears to be in contradiction with other scientific contributions 

(Turner et al., 2004 ; Fisher et al., 2009). These contributions suggest that among the four main 

categories of ecosystem services – the MA classification of supporting, regulating, provisioning 

                                                                                                                                                              

respondents only value a sub-category (ethical or philosophical services) of the MA category of cultural ecosystem 
services and they omit the three other categories (provisioning, regulating and supporting services). 
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and cultural services
3
 – the role played by the first two categories inside the ecosystem is not 

covered by monetary valuation techniques, as they are assumed to be independent of individual 

preferences. However, monetary valuation techniques are still often used to measure the 

economic value of supporting and regulating ecosystem services (e.g. the technique of 

replacement costs for the ecosystem service of hydrological flows regulation). This is probably 

due to a misunderstanding originating from the fact that the categorization system from the MA 

and de Groot et al. does not dig deep enough into the multiple causality links between ecosystem 

services occurring inside the ecosystem. It does not show the distinction between final and 

intermediate ecosystem services: final services generate benefits that can modify human 

wellbeing whereas intermediate services generate intermediate products that enter the production 

process of final services.  

 

This distinction between intermediate and final ecosystem services adapted from the 

categorization system of de Groot et al. and the MA is proposed by Fisher et al. (2009). It is 

based on the role of ecosystem services in the simplified causal chain (Table 1) going from the 

initial ecological structure or process located in step n-3 in the causal chain (they cover the MA 

categories of supporting and regulating services) to the end result located in step n (i.e. to the 

benefit to individuals). The initial ecological structure is the natural biotic or abiotic physical 

support on which an ecological process
4
 takes place and includes all components of the physical 

organization of the environment (e.g. surface waters, forests, sand particles in deserts, marine 

sediments, etc.).  

 

Ecological structures or processes named ‘intermediate services’ (Fisher et al., 2009) constitute a 

preliminary base in the causal chain of ecosystem service supply (Turner, 1999). They generate 

other intermediate services before generating final services at the next step of the causal chain 

(cf. scheme of Table 1). Two intermediate services can be distinguished: i) intermediate services 

of first order which are the initial ecological structure or process (e.g. process of primary 

production of tree biomass in forests) and ii) intermediate services of second order which are the 

function of the ecological process/structure, i.e. the result of interactions between ecological 

infrastructures and processes that plays a role inside and for the ecosystem (e.g. the function 

played by trees in structuring forest soils into a “sponge” that retains rain water).  

 

The final service
5
 category is more directly related to individual uses (market and non-market 

uses) and hence to human wellbeing components and economic activities. It includes what is 

                                                 

3
 Provisioning services: provide products obtained from the ecosystem (e.g. food, water, timber, coal, etc.). 

Regulating services: modulation of ecosystem processes in a sense that is advantageous to humans (e.g. climate 
regulation, water quality regulation, etc.). Cultural services: non-material benefits obtained from the ecosystem 
(e.g. spiritual enrichment, recreational and educational activities, aesthetic landscape, etc.). Supporting services: 
basic ecological structure and processes that ensure the maintenance and the functioning of the ecosystem and 
hence, the production of all other ecosystem services. 
4
 An ecological process is considered to be any causal chain in which a material resource (abiotic or biotic) or 

energy plays a role in the production of an identifiable end result. 
5
 A clear distinction between intermediate and final services is not always possible. An ecosystem service can act as 

a final one in some cases and as an intermediate one in others (e.g. provision of clean water by a river may be used 
as a final service for human consumption purposes and/or as an intermediate service that ensures aquatic 
biodiversity). 
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often called in literature ‘outcome’, ‘goods’ or ‘services’ that are made available by the 

ecosystem for potential use by humans (examples of final services: provision of fish resources, of 

flood-safe lands, of recreational activities in natural areas, etc.). As final services are produced by 

intermediate services, maintaining the quantity and the quality of intermediate services is 

necessary for the ecosystem to provide final services, and hence benefits, to humans. 

 

The benefit is the last category of ecosystem services and is defined as the point where a natural 

component of the ecosystem meets human capital (e.g. knowledge) or technical capital (e.g. 

equipment, tools, machinery, buildings) to generate a good or a service that directly affects 

human wellbeing, i.e. individuals’ feeling of satisfaction and needs (e.g. needs in recreational 

activities, economic activities, income production, healthy food resources, etc.). The category of 

benefits covers goods and services that are effectively used by humans. Similarly to final 

services, benefits play a role for humans and occur at the interface between the ecosystem and the 

human or economic system.  

 
Table 1. Classification of ecosystem services: examples of (a) nursery habitats and (b) forest soil cover. 

INTERMEDIATE SERVICES (ECOLOGICAL STRUCTURES AND PROCESSES) 
FINAL SERVICES 
(goods and services 
potentially available for 
human use) 

BENEFITS 
(goods and services 
effectively used by 
humans) 

First order 
(initial ecosystem structure or 
process) 

Second order 
(ecosystem function) 

n-3 n-2 n-1 n 

    

   

 

Source: the four categories of ecosystem services are adapted from Fisher et al. (2009). Note: the acronym MA written in front of 

categories of ecosystem services means it pertains to the categorization system of the Millennium Ecosystem Assessment (2005). 

 

 

In the categorization detailed above, it clearly appears that the category named ‘benefits’ is the 

only one that directly affects human wellbeing, needs and activities. As a result, it seems 

reasonable to assume that this category is the only one that depends on individual preferences and 

feelings of satisfaction expressed by individuals. Hence, since individual preferences and 

satisfaction are the basis of monetary valuation, the category of benefits is the only one that 

should be valued in monetary units.  

 

Similarly, Turner et al. (2004) suggest that the valuation of intermediate services is not included 

in the total economic value (TEV). Gren et al. (1994) assert that intermediate services (which 

they call ‘primary value’ or ‘glue value’) “hold everything together” while the secondary value – 

final services in terms of Table 1 and provisional and cultural services in MA wording – are those 

ecosystem services that benefit humans directly. 

 

Decrease in 
damages caused 

to human 
infrastructures 
(buildings, etc.) 

Capture of fishes 
for human 

consumption 

Development of fish 
populations (MA 

provisioning service) (a) 

Formation of mud- and 
sand-flats used as nursery 
habitats by juvenile fishes 
for feeding (MA supporting 

service) 

(MA supporting service) 

(b) 

Protection against 
floods (MA 

provisioning service of 
safe lands) 

Trees structure forest soils 
into a “sponge” that retains 
rainwater (MA regulation 
service of hydrological 

flows) 

Process of primary production 
of trees by photosynthesis 
and nutrients uptake (MA 

supporting service) 

Hydro-sedimentary processes 
generating the accumulation of 

fine sediments on seabed 
located in shallow waters (MA 

supporting service) 

(MA supporting service) 
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Besides the fact that intermediate services can be considered as independent of individual 

preferences, two reasons explain why the methodological approach developed in this paper does 

not enable intermediate services to be monetized.  

 

The first reason concerns the physical nature of the interaction between intermediate and final 

services. Our aim consists in studying interactions between the various categories of ecosystem 

services and the subsequent interactions with the economy (e.g. causal chains of Table 1). The 

analysis of interaction relationships between ecosystem services is a key contribution to better 

apprehending the ecosystem’s functioning and its indirect effects – or feedback impacts – on 

human activities (de Groot et al., 2002; Carpentier, 1994). Indeed, a change in the supply of an 

intermediate service may induce an alteration of final services and therefore impact economic 

activities through the benefits category. Given their physical nature, any modification of 

intermediate services and their impacts on the provision of final services must be measured in 

physical units (while economic activities and the related income and consumption can be 

measured in monetary units). The omission of this causal chain, when using solely monetary 

units might lead to underestimate the importance of the ecosystem on human wellbeing and their 

components related to economic activities (income generated, purchasing power, employment, 

GDP, etc.) and consequently, to increase misunderstanding in decision-making processes.  

 

Secondly, monetization delivers values that express individual preferences. Yet, as stated in the 

introduction, many individuals, expressing their willingness to pay (WTP) with stated preference 

techniques (constructed market), may not express their appreciation of the estimated 

consequences of an environmental policy (consequentialism-based respondents). Therefore, 

results from stated preferences methods may not always provide reliable information on the 

consequence of restoration or degradation of intermediate ecosystem services on final services. 

And revealed preference methods (surrogate market) are also of little help in considering 

intermediate services since the WTP is obtained from real markets (e.g. real estate or transport 

market). As a result, changes in prices on surrogate markets are often due to modifications of 

final services (the only category, with benefits, that directly affects human activities), not 

intermediate ones.  

 

The hybrid I-O model presented in the next Section proposes an alternative approach in which 

monetary and physical evaluations are combined into a multidimensional framework for 

assessing the impacts of intermediate service changes on final services. It enables various 

ecological policy scenarios to be assessed and compared with each other so that stakeholders can 

choose the scenario that best suits their needs, desires and projects.  

 

The use of an I-O model gives another reason to base our approach on real market transactions. I-

O tables rely on the System of National Accounts. Yet, "In the accounts, cost calculations are 

based on observed practices, not on individual preferences" (Weber, 2011). This is in line with 

the EU Regulation (Official Journal of the European Union, 2012) on the International Financial 

Reporting Standards (IFRS). It states that the evaluation of firms’ financial performances must 

“maximize the use of relevant observable inputs [market data] and minimize the use of 

unobservable inputs [non market data]”. Hence, the aim of this paper is to simulate real impacts, 

or when impossible, to simulate scenarios with WTP values converted as a tax value to approach 

a real transaction.  
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3.  Hybrid I-O models for the analysis of ecological-economic processes and trade-offs 

 

The previous section stressed that when used alone, monetizing techniques have difficulties in 

providing the understanding of ecological-economic processes and trade-offs driven by 

intermediate services. However, they could be helpful if they were included inside a guiding 

framework. This framework should i) clearly differentiate the ecosystem services that are 

effectively measured by monetizing techniques from those that are not, ii) rely on monetizing 

techniques to assess benefits only (“benefits” as defined in Section 2) and iii) ensure that what 

cannot be measured in monetary units is assessed in physical units by other techniques. This 

section proposes to build an ecological-economic model that is able to shelter such a guiding 

framework (presented in Section 4).  

 

The model consists in a hybrid I-O model that enables monetary units to be used together with 

physical units and delivers results in both units, such as those found in Leontief (1970), Victor 

(1972), McDonald (2005), Lixon et al. (2008), Miller and Blair (2009) and others. Exogenous 

equations are coupled to the I-O model for non-linear interactions. This model is chosen because 

of its capacity to integrate multi-dimensional and multi-criteria issues and because of its capacity 

to support decision-making processes in a context of complexity and uncertainty. More precisely, 

the integration of ecosystem services to hybrid I-O models is driven by the following properties: 

 

 Systemic properties: because of the complex interactions between the economy and the 

ecosystem and their related impacts, decision-making should be supported by a systemic 

vision that considers those impacts (to be expressed either in monetary or physical units) for 

various categories of stakeholders. I-O models enable such an analysis as they offer a systemic 

vision of the economic system and can analytically assess direct and indirect effects of 

ecosystem modifications on various economic sectors (i.e. stakeholders from the production 

side of the economy).  

 

 Trade-offs assessment: I-O models cover all productive sectors of the economy. This property 

enables the quantification of trade-offs between diverse economic and environmental goals or 

even between several economic activities. This is interesting for multi-criteria, multi-

stakeholder, multi-scenario participative methods since one of their objectives is precisely to 

make trade-offs in a complex situation clear and apparent to decision-makers and other 

categories of stakeholders if environmental policies are to be operational (Munda et al., 1994; 

van den Bergh and Nijkamp, 1991). Moreover, those participative methods are a useful tool 

for decision-making in complex and uncertain issues (Giampietro et al., 2006; Funtowicz and 

Ravetz, 1994; Ravetz, 2006) and uncertainty is the rule rather than an exception for 

environmental issues (Munda et al., 1994; Refsgaard, 2006; Stirling, 2001; Giampietro et al., 

2006). 

 

 Distributional properties: I-O approaches enable assessments of how costs and benefits 

related to management measures can be distributed between stakeholders (i.e. consumers as a 

whole and the various categories of economic sectors). First, I-O equations can be used to 

calculate a fair cost allocation rule prorated to direct and indirect responsibilities of each sector 
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in environmental degradation (through the inverse Leontief matrix that singles out direct and 

indirect consumption of intermediate inputs responsible for environmental degradation). 

Second, I-O data allow the cost allocation rule to be based not only on responsibility but also 

on financial capacity. The assessment of cost and benefit distribution with hybrid I-O models 

(combined with exogenous equations) is also possible for ecosystem services that are not 

monetarily valued. That is the case of a wide range of ecological processes occurring inside 

the ecosystem (namely intermediate services of first and second order) and that do not directly 

affect the economy but are nevertheless important to consider (e.g. regulating ecosystem 

services which have no direct link with the economic systems but are essential for preserving 

human life and activities (MA, 2005)).  

 

The integration of ecosystem services into a hybrid I-O model requires analyzing ecological 

processes in four steps. The first one consists in identifying ecosystem services at stake as well as 

the causality chains in which they are involved. This is achieved through the categorization 

method presented in Table 1 that divides ecosystem services into four categories: intermediate 

services of first and second order, final services and benefits. 

 

The second step quantifies the physical parameters involved in the supply of each of the four 

categories of ecosystem services. These physical parameters represent the flows of matter and 

energy occurring at four interfaces: economy/economy (arrows 7 to 9 in Figure 1), 

economy/ecosystem (arrows 1 and 2), ecosystem/ecosystem (arrows 3 to 4) and 

ecosystem/economy (arrows 5 and 6).  

 

The third step aims at representing physical parameters inside the architecture of a hybrid I-O 

model such as the one conceived by Daly (1968), Isard (1968) or Cordier (2011) and that 

represents the four interface flows mentioned above. There is nevertheless an important 

difference between the model presented here and those from Isard and Daly. We have added 

equations exogenous to the I-O table as well as expert opinions. This makes the hybrid I-O model 

capable of considering non-linear relationships (see the fourth step below). 

 

The fourth step consists in quantifying the relationships between the four categories of interface 

flows (when they are quantifiable). If those relations are linear, I-O tables offer a simple and 

satisfactory solution to represent them through the calculation of technical coefficients for 

ecological inputs and outputs (e.g. Jin et al., 2003). However, when the relations are non-linear, I-

O equations are not sufficient anymore. Our approach relies on other techniques (detailed in 

Figure 1) to take into account non-linear relationships, which allows intermediate services to be 

integrated into the I-O model and therefore enables estimation of their interaction with final 

services, benefits and in the end their feedback impact on the economy. Daly (1968) built a 

conceptual I-O model that considered ecological processes occurring inside the ecosystem (i.e. 

the intermediate services). Isard (1968) even succeeded in developing an operational version of 

that model. However, the application of the model was limited because at the time, environmental 

data needed to simulate the part of ecological flows that occur exclusively inside the ecosystem 

between interfaces of two environmental compartments were very scarce. In addition, because 

equations were included inside the I-O table, only linear relationships could be considered. This 

is the reason why Victor (1972) and Leontief (1970) discarded such considerations in their I-O 

model. Our approach enables the reintroduction into I-O modeling of ecological processes that 

are internal to the ecosystem, i.e. intermediate services.  
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Figure 1 offers a schematic example showing how intermediate services and their indirect 

feedback impact on the economy can be introduced into I-O modeling. The impact of the 

economy on fish nurseries (a marine natural habitat) is used as an illustration. Quantification is 

made possible by the following techniques, combined with hybrid I-O modeling (numbers 

correspond to those shown in the Figure): 

 

(1) Exogenous equations calculating the evolution of the stock of intermediate service of first 

order due to the activity of Economic sectors – in the illustrative example, they are 

extrapolated from past trends.  

 

(2) Expert opinions adjusting results from the exogenous equations
6
.  

 

(3) Exogenous equations calculating the evolution of intermediate services of second order 

due to changes in those of first order (e.g. equations calculating the link between the 

evolution of marine habitats and the size of the marine population of fish juveniles). 

 

(4) Exogenous equations calculating the evolution of final services due to changes in 

intermediate services of second order (e.g. fish population equations calculating the 

quantity of adult fish based on the variation of the population of juvenile fish computed 

in (3)).  

 

(5) Economic statistics on the use of final services (e.g. fishing statistics giving the 

percentage of fish caught in the total fish population of the study area). 

 

(6) Prices from real markets, constructed and surrogate markets (e.g. market prices of fish 

caught and sold on real market by the fishing sector). 

 

(7) I-O equations calculating the direct economic impact in the fishing sector and the indirect 

economic impacts on all other sectors that supply the fishing sector with intermediate 

goods and services. 

 

(8) Cost and consumption data integrated in I-O tables (e.g. cost of restoration of marine 

habitats, subsequent decrease in salaries and employment and effect on final household 

consumption).  

 

(9) I-O equations calculating the indirect impact of data integrated in I-O tables in step (8) 

(e.g. calculation of the impact of final household consumption on all productive sectors 

of the economy). 

 

Exogenous equations and expert corrections enable us to take into account the idea of Isard 

(1968) that flows occurring inside the ecosystem (i.e. interactions between intermediate services 

                                                 

6
 Note that, even though it is not mentioned in Figure 1, all results from exogenous equations and expert opinions are 

subject to a sensitivity analysis based on observed data to make sure that they are consistent. If they are not, it is a 

signal that equations and/or expert opinions must be refined and that further analysis is necessary. 
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of first and second orders as well as between the latter and final services) should also be included 

in ecological-economic models. This idea had been rejected by Victor (1972) and then suggested 

again by Carpentier (1994), although, to our knowledge, not implemented up to now (except for 

linear interactions such as in trophic chains – see an application in Jin et al. (2003)).  

 

Figure 1 shows that there are two stages at which monetary units can be inserted into a hybrid I-O 

model to represent ecosystem services: i) when using market prices and prices from constructed 

and surrogate markets (arrow 6) and ii) when simulating various scenarios of destruction or 

restoration of intermediate services of first order (arrow 8). The next Section presents the guiding 

framework that details how these monetary units can be inserted inside a hybrid I-O model 

without eclipsing the interesting advantages of physical units advocated in Section 2.  

 

Macroeconomic indicators:

Economic sectors

Intermediate services of 1st order

e.g. life support service provided by 

marine habitats to juvenile fish

Intermediate services of 

2nd order

e.g. large and resilient 

juvenile fish populations

Final services

e.g. provisioning of fish 

resources at adult stage

Benefits

e.g. fish caught with fishing equipment

(technical and human capital)

Destruction  or  restoration

Feedback impact

Economic system

Ecosystem

GDP

Employment

Gross operating surplus

Salaries

Ecological 

indicators:

Hectares of 

marine habitats

Tonnes of fish in 

marine population

Tonnes of 

fish caught

(1) Exogenous equations

(2) Expert opinions

(3) Exogenous equations

(5) Economic statistics

(6) Prices from formal, surrogate

and constructed markets

(7) I-O equations

(8) Cost and consumption 

data integrated to I-O tables

(9) I-O equations
(4) Exogenous equations

 
 

Figure 1. Quantification of relationships between the four categories of ecosystem services: intermediate services of first 

and second order, final services and benefits. 

 

 

4. The guiding framework 

 

The reason for integrating monetary values to the hybrid I-O model is to assess the economic 

impact of a variation in the supply of an ecosystem service on production sectors and final 

demand. This differs from other I-O approaches, such as those developed by Cumberland (1966), 

Hannon (2001) and Grêt-Regamey and Kytzia (2007) who assess the impact of a variation in the 

supply of an ecosystem service on satisfaction feelings expressed by individuals (through a 

measure of individual preferences) as is usually the case in conventional cost-benefit analysis. 

 

4.1. First dichotomy: monetization criteria of ecosystem services 
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The guiding framework, illustrated in Figure 2, allows monetary valuation techniques to be 

inserted into an ecological-economic I-O model, but prevents them overshadowing the existence 

and the role of intermediate services as well as their interactions with other ecosystem service 

categories (see Section 2). The framework is based on the partition of ecosystem services detailed 

in Table 1 and operates according to a double dichotomy: intermediate/final services and 

direct/indirect monetary valuation approaches.  

 

The first dichotomy operates a clear distinction between ecosystem services that may or may not 

be monetized based on 3 criteria: 

 

- First decisional criterion: is the ecological process or structure considered an ecosystem 

service? According to the definitions given in MA (2005), Costanza et al. (1997), Daily 

(1997), Boyd and Banzhaf (2007) and Fisher et al. (2009), if the ecological process does 

not bring about any benefit either directly or indirectly, it is not an ecosystem service, and 

the ecological-economic analysis of ecosystem services does not apply (cf. Figure 2). On 

the contrary, if it does bring about a benefit either directly or indirectly, the second 

decisional criterion is used to identify whether a monetary valuation is appropriate. 

 

- Second decisional criterion: is the ecological process or structure considered an 

intermediate or final service? It is considered an intermediate service if it relates to a 

process or a structure of the ecosystem that participates in the generation of either an 

intermediate service of second order or a final service; in that case, evaluation should be 

expressed in physical units (Section 2) that can be entered into the hybrid I-O model as a 

parameter. It is considered a final service if individuals may obtain a direct benefit from a 

source of matter or energy taken from the ecosystem via a human or a technical capital 

(knowledge or know-how, equipment, tools, infrastructures, etc.). 

 

- Third criteria: even though final services are assessed in physical units, the benefits they 

generate can be expressed both in physical and monetary units and hence monetary 

valuation techniques should apply; consequently, the last decisional criterion questions 

whether the monetary value to be entered in the I-O model is calculated from a direct or 

an indirect approach. 
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Is it an intermediate service 

(either of first or second order)?

Evaluation in physical units

Integrations to the input-output 

model as a parameter

Direct approaches 

(constructed markets):

Stated preferences

Indirect approaches 

(formal and surrogate markets):

Market prices, replacement costs, revealed 

preferences, damage costs

Does/Can the ecological process or structure offer a direct or an indirect benefit  to humans?

The economic  analysis of ecosystem 

services does not apply

No, 

It is a final service or a benefit
Yes

yes No

* ***

**

MONETARY VALUATION TECHNIQUES (MONETARY UNITS)

HYBRID MODEL (MONETARY AND PHYSICAL UNITS)

Simulation of the economic impact of the 

internalization of environmental externalities 

(e.g. environmental taxes)

Simulation of the economic impact of a change 

in the provision of ecosystem services

Simulation of ecological impacts of a 

variation in the provision of 

ecosystem services

Multi-criteria analysis

DELIBERATIVE DECISION 
(MONETARY AND PHYSICAL UNITS)

 
Figure 2. Guiding framework for the integration of monetary valuation techniques to a hybrid I-O model for the study of 

ecosystem-economy interactions 
 

Note on parameter inserted into the hybrid model: 

* Changes in matter or energy flows (involved in ecological impacts) at the interface between the ecosystem and the economy (in both directions) 
caused by economic activities on ecosystem services (km2, t, kW, etc.). 

** Hypothetical tax inserted into the model to simulate the economic impact of environmental measures on disposable income, the subsequent 

effect on final consumption by households and, in the end, the direct and indirect economic impacts on the production of economic goods and 
services by economic sectors (€). 

*** Final demand (household consumption, investments, exportations, etc.) or intermediate demand of inputs are modified in the model to 

simulate direct and indirect economic impacts of a variation in the provision of ecosystem services on the production of economic goods and 
services by economic sectors (€). 

 

4.2. Second dichotomy: operational processes for integrating monetized ecosystem services into 

the hybrid I-O model 

 

The second dichotomy (Figure 2) suggests two possibilities to integrate monetary values into the 

hybrid I-O model depending on whether the monetary technique is a direct approach (constructed 
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markets such as contingent valuation, etc.) or an indirect approach (formal market and surrogate 

markets like hedonic pricing, travel cost, replacement costs, etc.). 

 

Results from direct approaches may be inserted into the I-O model to simulate the impact of 

environmental measures on disposable income and, therefore, on final household consumption. 

This is carried out by inserting the monetary values in the form of a hypothetical tax in the line of 

value added and the column of final demand, both located in the use table of the I-O model 

(Table 2). This allows us to simulate the direct and indirect impacts of internalizing an externality 

on the economic system in the case where individuals would actually pay the amount they stated 

in the contingent valuation or the choice experiment, which reduces household consumption as 

illustrated in equation (1): 

 

 ,     

 (1) 

 

where  is an element of matrix  representing the consumption of commodity i by 

households (k = 1) before (i.e. in t0) individuals would pay the WTP they declared in contingent 

valuation or choice experiment and  represents the same but after (i.e. in tn) individuals 

would pay the WTP;  is the income available for final consumption of all individuals before 

paying the WTP (which is aggregated across all inhabitants of the study zone) and  is the 

income-elasticity of demand for commodity i. 

 

The impact on final demand would be a reallocation of household consumption from various 

economic goods and services to services of environmental preservation. To take that impact into 

account, we have modified the initial household consumption ( ) prorated to the income 

variation due to environmental restoration and preservation costs, assuming that households 

purchase commodities in proportion to their income. To calculate the income available for final 

consumption ( ), we subtracted taxes on incomes, savings and social contributions from 

compensation of employees and added the share of the gross operating surplus, which is paid to 

shareholders in the form of dividends.  

 

In addition, if environmental restoration or preservation activities require investments, column k 

corresponding to gross fixed capital formation in the matrix  of final demand is modified to 

take into account the positive effect of such investments ( ) on economic activities. This is 

illustrated in equation (2):  

 

 ,        (2) 

 

where  is an element of matrix  (see equation (6)) that represents expenses in investments 

(gross fixed capital formation).  

 

If the amount stated by individuals in direct approaches turns out to be insufficient, a part of the 

costs of environmental restoration may also be borne by economic sectors in application of the 
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Polluter Pays Principle. We assume that half the cost is paid through a reduction of benefits 

(gross operating surplus: ) and the other half by a reduction of employment or salaries
7
. The 

variation in gross operating surplus has an impact on the final consumption of households that 

benefit from dividend incomes. The same occurs with the variation in salaries of employees. The 

impact on final household consumption is then calculated by modifying equation (1) as follows:  

 

 ,  (3) 

 

where  is, as above, the investment cost in environmental restoration or preservation;  is the 

share
8
 of the investment cost in environmental restoration or preservation borne by each sector j; 

 is the sum across all economic sectors j of the proportion of the gross operating 

surplus distributed to shareholders (once multiplied by , it represents the part of the household 

incomes earned from dividends ( ) that contributes to environmental restoration or 

preservation costs) and the last term  is the part of environmental restoration or 

preservation costs that companies bear by reducing employments or household incomes (most of 

the time it is not a reduction but a limitation of job creation or of salary increases).  

Hence, we assume that the increase in production costs, caused by environmental restoration or 

preservation costs, leads to a decrease in the gross operating surplus and salaries, rather than to a 

price increase. This might be a correct assumption for studies at regional levels and for goods and 

services for which geographical location is not important (the price of such goods and services is 

influenced by national or international dynamics rather than regional ones). Another option 

would be to consider solely an increase in sales prices. In that case, an I-O price model should be 

used (see below the example for hedonic prices in equations (4) to (7)).  

 

Results coming from indirect approaches, or monetization techniques based on formal and 

surrogate markets, are integrated into the hybrid I-O model to simulate the impact of a change in 

the provision of ecosystem services on the production of economic goods and services by 

economic sectors. The I-O model allows us to measure the direct and indirect effect of this 

change on the whole economic system through the links that connect an economic sector to its 

suppliers in raw material and semi-finished goods and services as well as to final consumers. This 

is carried out by the integration of monetary values, which measure the change in the provision of 

                                                 

7
 Both coefficients  have been set arbitrarily; they consist in simulating the case where half of the restoration or 

preservation cost ( ) would be subtracted from the household incomes and the other half from the gross 

operating surplus ( ), i.e. companies’ benefits. 
8
 The value of the percentage  for each sector depends on the cost allocation rule decided. It can be subject to 

discussions. A possible option is to decide it with stakeholders inside a participative decision process 
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an ecosystem service, inside the matrix  of final demand (household consumption or 

investments) or the matrix  of intermediate inputs.  

 

An example of integration of results coming from indirect approaches is given in Table 2 for the 

technique of hedonic prices. This technique is integrated into the I-O model in order to estimate 

the impact of a change in the provision of ecosystem services on prices of economic 

commodities. Based on the I-O model described above, new equations are built to obtain an I-O 

price model (cost push). This model is based on normalised prices in which the output from 

sector j is defined as one Euro’s worth of good j. Its unit price is by definition 1. The model is 

calibrated to a row vector ( ) of unit prices ( ). It can be used to calculate relative price 

changes subject to an exogenous factor price increase, for instance an increase in the price of 

houses due to higher demand for real estate goods; this higher demand being generated by a 

change in the provision of ecosystem services (e.g. restoration program of natural habitats that 

improves landscape beauty and enhances recreational activities). Let  be a row vector made of 

’s (the value added coefficients per money unit of output) and  be a matrix whose elements 

 are technical coefficients calculated from an industry-by-industry
9
 I-O model made of n 

sectors producing outputs in row and m sectors consuming these outputs as intermediate inputs in 

columns; then we can write the following equation (Leontief, 1974; Miller and Blair, 2009): 

 

              with i = 1, …, n  and j = 1, .., m , (4) 

 

Equation (4) is based on the principle that the price of a commodity i must be just sufficient to 

cover – after the payment of intermediate inputs ( ) to other sectors – the value added, i.e. the 

payment of primary inputs: labour, gross operating surplus (benefits) and taxes. This equation 

requires that an increase in the price of real estate goods due to natural habitat restoration 

programs automatically leads to a decrease in the value added of the other sectors using such 

goods as intermediate inputs (e.g. rent of buildings).  

 

However, it might be possible that these other sectors would not allow a decrease in their value 

added and would therefore increase the prices of the economic commodities they produce (e.g. if 

natural habitat restoration brings about an increase in rental prices in a region, lawyers renting an 

office in that region might increase the price of their services in order to offset the rise in their 

rent). In order to consider this possibility, equation (4) can be rewritten in matrix algebra, 
 

, (5) 

 

and by rearranging (5), price modifications can be calculated as follows: 

                                                 

9
 All equations presented below regarding the I-O price model do also apply for commodity-by-industry I-O models 

as the one presented in Table 2. The only difference is that in Equation (5), the term  is calculated as 

follows  (transposed term from Equation (7)).  
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, (6) 

 

where  is the unit matrix,  and  are column vectors generated by a transposition of the 

row vectors  and . The matrix  is the transpose of matrix . Its technical coefficients 

can be calculated from the Supply Table (see table from Cordier et al., 2011) and the Use 

Table (Table 2) after a transformation of the commodity-by-industry format into an industry-by-

industry format.  

Relative price changes caused by an exogenous factor such as the impact of the restoration of 

natural habitats on the increase in the price of real estate goods can be calculated as follows. The 

difference between the new price (after restoration) and the old price (before restoration) is 

estimated by the hedonic price technique. This difference is added to the value added  

corresponding to the real estate sector inside the matrix  of equation (6) (and more 

specifically to the part of the value added corresponding to gross operating surplus because it is a 

pure benefit for the real estate sector). 

 

The last step consists in translating the effect of price increases (calculated by  in equation 6) 

on final demand with the use of coefficients of price elasticity of demand found in the economic 

literature for each good and service. The subsequent modification of final demand would then be 

inserted in matrix  and the impact on the total output produced per economic sector in the area 

studied would be calculated via equation (7). This equation is the central equation of I-O models 

built on commodity-by-industry tables (Table 2). From this equation, the economic components 

of the wellbeing measured by employment and GDP can be calculated for the whole economy of 

the study area as well as for each economic sector (see detailed mathematical developments in 

Victor, 1972). This gives a useful picture of the macro-economy and the meso-economy of the 

study area. 
 

 ,                        (7) 

 

where  is the  identity matrix ;  is a  matrix of technical coefficients named 

commodity output proportion;  is a  matrix of input technical coefficients bij;  is a unity 

column vector  (not to be mistaken for i that symbolises commodities),  is the matrix of 

the commodity output proportions dij, which are technical coefficients defined under the industry-

based technology assumption. Both technical coefficients  and  are calculated respectively 

on the basis of the supply matrix V (see Cordier et al., 2011) and the use matrix U (Table 2), as in 

Lixon et al. (2008). Exponent  shows that in matrix , consumption concerns intermediate 

inputs used inside the study area, which have been domestically produced in the study area. 

Exponent d shows the same for matrix  except that in addition to final outputs consumed inside 

the study area by domestic final demand, exports are also included in the matrix (i.e. final outputs 

consumed abroad by foreigners). 
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Table 2. Use table of the hybrid I-O model applied to nurseries (marine habitats) of the Seine estuary. 

 

Economic sectors 
(j = 1, …, m) Final demand 

(k=1, …, p) 
Ecosystem Total 

Economic commodities (M€) 
(i = 1, …, n) 

 

 

 

 

 

 

Imports (M€)  

 

Primary inputs (value added: benefits 
(GOS), wages and salaries, net taxes) (M€) 
(z = 1, …,t) 

 

  

 

Total (M€) 
 

 

 

Ecological 
commodities 

Nursery (km
2
) 

    

Fish (t)   

 
 

a.           Integration of hedonic prices (indirect approach) 
to model the impact of the restoration of natural habitat 
(Nursery) on final demand. 

b.       Integration of prices from direct approach 
(contingent valuation, choice experiment) to model the effect 
of a new environmental tax set at the WTP value for the 
restoration of natural habitats (Nursery). 

c.        Integration of prices from direct approach 
(contingent valuation, choice experiment): the modification 
consists in taking the share of the cost of restoration of natural 
habitats (Nursery) that exceeds the amount declared by 
individuals in direct approaches (b) and subtracting them from 
the benefits (GOS: Gross Operating Surplus) produced and the 
salaries paid by economic sectors. 

 

 

Legend:  

:  use matrix, : matrix of final demand, : matrix of primary inputs (covers all categories of value added: benefits (gross 

operating surplus), wages and salaries, net taxes), : row vector of total output per sector j, : column vector of the total demand 

per commodity i, : row vector of interregional and international imports, : row vector of total input consumed per category of 

final demand, : quantity of fish consumed by sector j or final demand k in the Seine estuary, : total amount of nursery areas 

destroyed by all economic sectors,  : nursery surface that can be used by the ecosystem of the Seine estuary, : 
tonnage of fish that can be used by the ecosystem of the Seine estuary. 
 

 

5. Discussion and conclusion 

 

This paper proposes an alternative approach for reconciling monetary valuation techniques with 

methods that address ecosystem-economy interactions. To achieve this goal, we develop a 

guiding framework that limits the use of monetary valuation to real market simulations. 

Simulations of scenarios of environmental measures are carried out with a hybrid ecological-

economic input-output model (Figure 1 and Table 2). The guiding framework ensures that 

monetary valuation techniques contribute to the understanding of the impact of economic 

activities on changes in ecosystems services and the feedback impact of these changes on 

economic activities. The framework operates according to a double dichotomy: intermediate/final 

ecosystem services and direct/indirect monetary valuation techniques (Figure 2).  

I-O price 

model 

Proportional 

modification 



-18- 

 

The first dichotomy of the guiding framework establishes that benefits generated by final 

ecosystem services are measured by monetary valuation techniques while intermediate ecosystem 

services are measured in physical units. The advantages of this choice are summarized in Table 3. 

However, papers such as Hannon (2001) and Grêt-Regamey and Kytzia (2007) show that our 

position is not one shared by all economists. Our guiding framework uses results from monetary 

valuation techniques to assess the economic impact of a variation in the supply of an ecosystem 

service on production sectors and final demand while both authors mentioned above use them to 

assess the impact of a variation in the supply of an ecosystem service on feeling of satisfaction 

expressed by individuals in direct and indirect monetary approaches used in environmental 

economics. 

 

Individual satisfaction may be due to benefits obtained from a final service such as recreational 

fishing activities in estuaries with higher fish resources due to restoration of natural marine 

habitats. In this case there is no opposition between our approach (Figure 2) and the monetary 

valuation of benefits obtained from final ecosystem services since uses of final ecosystem 

services by individuals can have an impact on the production of economic sectors and final 

demand, which is precisely what we want to measure in our approach, i.e. impacts on real 

markets.  

 

Nevertheless, individual satisfaction may also be due to indirect uses of some ecosystem services 

(Section 2). Indirect uses typically cover intermediate services since this category of ecosystem 

services is not provided directly to individuals. In that case, individuals’ preferences and 

satisfaction are due to their knowledge of the importance of intermediate services for the 

generation of the final service they use directly. This explains why a monetary value based on the 

degree of satisfaction of individuals regarding a change in intermediate ecosystem services does 

not cover impacts on the production of economic sectors and final demand. For that reason, our 

methodology does not favor monetary valuation of intermediate ecosystem services.  

 

To monetize benefits generated by final ecosystem services (with the exclusion of intermediate 

services), the second dichotomy of the guiding framework (Figure 2) frames the integration of 

results from monetary valuation techniques to hybrid I-O models as well as the integration of 

results from natural sciences in physical units. Our framework allows three categories of impacts 

to be considered: i) ecological impact of economic activities on alterations of ecosystem services, 

ii) subsequent feed-back impacts of these alterations on economic production and final demand, 

and iii) economic impacts of environmental measures aimed at internalizing an externality (Table 

3). 

 

Another advantage of our guiding framework is to consider the importance of intermediate 

ecosystem services even if they cannot be monetized. This is essential since intermediate services 

condition the existence of all other ecosystem services that benefit human life and economic 

activities. 

 

Hence, the framework developed in this paper clearly shows what category of ecosystem services 

monetary valuations do and do not measure (Figure 2, Tables 1 and 3). Even though this guiding 

framework remains largely theoretical at this stage, the clear distinction between the various 

categories of ecosystem services and the resulting monetization preferences may give natural 
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scientists a better understanding of how to take advantage of economics when analyzing the 

impacts of interactions between the economy and the ecosystem. 

 
 

 

Table 3. Differences between our methodological approach (hybrid I-O model) and purely monetary approaches. 

Our methodological approach: 
Hybrid I-O models 

Monetary approaches: 
Monetary valuation techniques and monetary I-O models* 

Cover the impacts on the category of ecosystem services of benefit**, i.e. the impacts on human wellbeing in terms of satisfaction of 
needs and desires for goods (e.g. fish) and services (e.g. recreational activities) (Section 2). 

Cover intermediate ecosystem services per se (in 
physical units) and their indirect impact on economic 
activities*** (Section 2). 

Cover intermediate service categories in terms of their impact on feeling 
of satisfaction expressed by individuals**** (Section 2): 

- for simple ecological issues, the feeling of satisfaction results from 
the indirect provision by intermediate services (through final 
services they produce) of a precise amount of goods (e.g. fish) and 
services (e.g. recreational activities) that satisfy individuals’ needs 
and desires, 

- for complex ecological issues, the feeling of satisfaction results 
from knowing that intermediate services are important for the 
ecosystem to be able to provide goods and services (benefits) but 
without being able to weigh up the amount provided. 

Integration of monetary value inside a hybrid I-O model to 
assess: 

- direct and indirect economic impacts of a change 
in the provision of ecosystem services on the 
production of economic goods and services by 
economic sectors (Section 4.2). 

- direct and indirect economic impacts of an 
environmental measure aimed at internalizing an 
externality(Section 4.2). 

Integration of monetary value inside a monetary I-O model to assess: 
- direct and indirect impact of a change in the provision of 

ecosystem services on the feeling of satisfaction expressed by 
individuals**** (Section 4). 

 
* Examples of monetary I-O models can be found in Hannon (2001) and Grêt-Regamey and Kytzia (2007). ** The benefit, as defined in Section 2, 

is the last category of ecosystem services in Fisher et al. (2009) and is defined as the point where a natural component of the ecosystem meets 
human capital (e.g. knowledge) or technical capital (e.g. equipment, tools, machinery, buildings) to generate a good or a service that directly 

affects human wellbeing. The category of benefits covers goods and services that are effectively used by humans. *** Through a measure of their 

interactions with final services. **** Through a measure of individual preferences in monetary units. 

 

 

Acknowledgements 

 

We are grateful to Kate Weir for checking the English. Her help is always appreciated. 

 

 

Bibliography 

 

Ackerman, F., 2004. Priceless Benefits, Costly Mistakes: What’s Wrong With Cost-Benefit 

Analysis? Post-autistic Econ. Rev. 25, 2–7. 

Ashford, N.A., 1981. Alternatives to cost-benefit analysis in regulatory decisions. Annuals of the 

New York Acad. of Sci. 363, 129–137.   

Boyd, J., Banzhaf, S., 2007. What are ecosystem services? The need for standardized 

environmental accounting units. Ecol. Econ. 63(2–3), 616–626. 

Carpenter, S.R., De Fries, R., et al., 2006. Millennium ecosystem assessment: research needs. 

Science 314(5797), 257–258. 

Carpentier, C.L., 1994. Agriculture and the environment: an economic–ecological input–output 

model of the Canadian economy. PhD thesis, McGill University, Montreal, p121. 



-20- 

Cordier, M., 2011. Ecosystème estuarien et système économique régional: faisabilité d’une 

intégration par modélisation input-output. Application au cas de l’habitat halieutique dans 

l’estuaire de la Seine. PhD thesis, Université Libre de Bruxelles (Belgium) and Université de 

Versailles-St-Quentin-En-Yvelines (France), Brussels, p. 477. Available via ULB: 

http://theses.ulb.ac.be/ETD-db/collection/submitted/ULBetd-05192011-

210005/unrestricted/Thesefinale.pdf  

Cordier, M., Pérez Agúndez, J.A., O’Connor, M., Rochette, S., Hecq, W., 2011. Quantification of 

interdependencies between economic systems and ecosystem services: an input-output model 

applied to the Seine estuary. Ecol. Econ. 70(9), 1660–1671. 

Costanza, R., d’Arge, R., de Groot, R.S., Farber, S., Grasso, M., Hannon, B., Limburg, K., 

Naeem, S., O’Neill, R.V., Paruelo, J., Raskin, R.G., Sutton, P., van den Belt, M., 1997. The 

value of the world’s ecosystem services and natural capital. Nature 387, 253–260. 

Cumberland, J.H., 1966. A regional inter-industry model for the analysis of development 

objectives. Pap. Reg. Sci. 17, 64–94. 

Daily, G.C., 1997. Introduction: what are ecosystem services. In: Daily GC (Ed), Nature's 

Services. Island Press, Washington DC, pp. 1–10. 

Daily, G., Polasky, S., Goldstein, J., Kareiva, P.M., Mooney, H.A., Pejchar, L., Ricketts, T.H., 

Salzman, J., Shallenberger, R., 2009. Ecosystem services in decision-making: time to deliver. 

Front. Ecol. Environ. 7(1), 21–28. 

Daly, H.E., 1968. On Economics as a Life Science. Journal of Political Economics 76, 392–406. 

de Groot, R.S., Wilson, M.A., Boumans, R.M.J., 2002. A typology for the classification, 

description and valuation of ecosystem functions, goods and services. Ecol. Econ. 41, 393–

408. 

Fisher, B., Turner, K.R., Morling, P., 2009. Defining and classifying ecosystem services for 

decision making. Ecol. Econ. 68, 643–653.  

Funtowicz, S.O., Ravetz, J.R., 1994. The worth of a songbird: ecological economics as a post-

normal science. Ecol. Econ. 10 (3), 197-207. 

Giampietro, M., Mayumi, K., Munda, G., 2006. Integrated assessment and energy analysis: 

Quality assurance in multi-criteria analysis of sustainability. Energy 31, 59–86. 

Gren, I-M., Folke, C., Turner, R.K., Bateman, I., 1994. Primary and secondary values of wetland 

ecosystems. Env Res Econ 4, 55–74. 

Grêt-Regamey, A., Kytzia, S., 2007. Integrating the valuation of ecosystem services into the 

Input-output economics of an Alpine region. Ecol. Econ. 63, 786–798. 

Hannon, B., 2001. Ecological pricing and economic efficiency. Ecol Econ 36, 19–30. 

Isard, W., 1968. Some Notes on the Linkage of Ecological and EconomicSystems. Paper 

presented at the European Congress of the Regional Science Association, Budapest. 

Jin, D., Hoagland, P., Dalton, T.M., 2003. Linking economic and ecological models for a marine 

ecosystem. Ecol. Econ. 46, 367–385. 

Leontief, W., 1974. Essais d’économiques. Calman Lévy, Paris, p316. 

Leontief, W., 1970. Environmental Repercussions and the Economic Structure: An Input-Output 

Approach. Review of Economics and Statistics 52(3), 262–271. 

Lixon, B., Thomassin, P.J., Hamaide, B., 2008. Industrial output restriction and the Kyoto 

protocol: An input–output approach with application to Canada. Ecol. Econ. 68, 249–258. 

Markandya, A., Hunt, A., Milborrow, I., 2005. Developments in green accounting. In: Tamborra, 

M. and Markandya, A. (Eds) Green accounting in Europe. A comparative study, vol. 2. 

Edward Elgar, Cheltenham Publishing Ltd., United Kingdom, pp. 15–33. 

http://theses.ulb.ac.be/ETD-db/collection/submitted/ULBetd-05192011-210005/unrestricted/Thesefinale.pdf
http://theses.ulb.ac.be/ETD-db/collection/submitted/ULBetd-05192011-210005/unrestricted/Thesefinale.pdf


-21- 

McDonald, G., 2005. Integrating economics and ecology: a systems approach to sustainability in 

the Auckland region. PhD thesis, Massey University, Palmerston North, New Zealand, p. 597. 

Millennium Ecosystem Assessment (MA), 2005. Ecosystems and Human Well-being: Synthesis. 

Island Press (Ed.), Washington DC, p. 139. 

Miller, R.E., Blair, P.D., 2009. Input-output Analysis. Foundations and Extensions. Cambridge 

University press (Ed.), United-Kingdom, p. 750. 

Munda, G., 2004. Social multi-criteria evaluation: Methodological foundations and operational 

consequences. European journal of operational research 158, pp. 662–677 

Munda, G., Nijkamp, P., Rietveld, P., 1994. Qualitative multicriteria evaluation for 

environmental management. Ecol. Econ. 10, 97–112. 

O’Connor, M., 2000. Natural capital. In: Spash, C.L. and Carter, C. (Eds). Environmental 

valuation in Europe, Policy research brief 3, Cambridge, p. 24. 

Official Journal of the European Union, 2012. Commission regulation (EU) No 1255/2012 of 11 

December 2012 amending Regulation (EC) No 1126/2008 adopting certain international 

accounting standards in accordance with Regulation (EC) No 1606/2002 of the European 

Parliament and of the Council as regards International Accounting Standard 12, International 

Financial Reporting Standards 1 and 13, and Interpretation 20 of the International Financial 

Reporting Interpretations Committee, JO L360 of 29.12.2012, pp. 78-144. 

Polasky, S., Nelson, E., Pennington, D., Johnson, K.A., 2011. The Impact of Land-Use Change 

on Ecosystem Services, Biodiversity and Returns to Landowners: A Case Study in the State of 

Minnesota. Env. Res. Econ. 48, 219–242. 

Ravetz, J.R., 2006. Post-Normal Science and the complexity of transitions towards 

sustainability.  Ecological Complexity 3 (4), 275-284. 

Refsgaard, J.C., van der Sluijs, J.P., Brown, J., van der Keur, P., 2006. A framework for dealing 

with uncertainty due to model structure error. Adv. Water Resour. 29 (11), 1586–1597. 

Rowlands, I., Scott, D., Parker, P., 2003. Consumers and green electricity: profiling potential     

purchasers, Business Strategy and the Environment 12, 36–48. 

Sachs, J.D., Reid, W.V., 2006. Environment — investments toward sustainable development. Sci. 

312(5776), 1002. 

Spash, C., Urama, K., Burton, R., Kenyon, W., Shannon, P., Hill, G., 2009. Motives behind 

willingness to pay for improving biodiversity in a water ecosystem: Economics, ethics and 

social psychology. Ecol. Econ. 68 (4), 955–964. 

Stirling, A., 2001. Science and precaution in the appraisal of electricity supply options. J. Hazard. 

Mater. 86, 55–75. 

Turner, K., Georgiou, S., Clark, R., Brouwer, R., Burke, J., 2004. Economic valuation of water 

resources in agriculture: From the sectoral to a functional perspective of natural resource 

management. FAO, Rome, p. 189. 

Turner, R.K., 1999. Markets and environmental quality. In: Clark GL, Feldman MP, Gertler MS 

(Eds). The Oxford Handbook of Economic Geography, Oxford University Press, Oxford, pp. 

585–606. 

Venkatachalam, L., 2007. Environmental economics and ecological economics: where they can 

converge?  Ecol. Econ. 61, 550–558. 

Victor, A.P., 1972. Pollution: economy and environment. Georges Allen &Unwin Ltd., Great 

Britain, p. 247.  

Weber, J-L., 2011.  Expert Meeting on Ecosystem Accounts organised in collaboration with the 

European Environment Agency, the World Bank and the United Nations Statistics Division, 5 

- 7 December, London, UK. 



-22- 

Wincler, R., 2006. Valuation of ecosystem goods and services Part 1: An integrated dynamic 

approach. Ecol. Econ. 59, 82–93. 


