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1. Introduction

The ecosystem services paradigm' 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 ; Millennium Ecosystem
Assessment, 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- 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). Many papers deal with the difficulty of
valuating ecosystem services (e.g. Costanza et al., 1997; de Groot et al., 2002) and the
complexity to apprehend interactions between ecological functionalities and the production of
ecosystem services used by humans (Daily et al., 2009; Polasky et al., 2011). Other authors
claim that monetary techniques may not correctly assess interactions between intermediate
products provided by the ecosystem (biological structures or processes and ecological
functions) and final products (ecosystem services and benefits) (Ackerman, 2004;

Venkatachalam, 2007).

The classical methods for valuating non marketed goods are the direct and indirect valuation
approaches (Smith et al., 1986). Contingent valuation is probably the best-known direct®
valuation technique. Even though every precaution is taken in building up the questionnaire
(Carson and Hanemann, 2005; Spash et al., 2009), some authors argue that most individuals

would have problems weighing up complex or unfamiliar environmental issues with global

' See definitions of the concept of ecosystem service in Millennium Ecosystem Assessment (2005), Costanza et
al. (1997), Daily (1997), Boyd and Banzhaf (2007) and Fisher et al. (2009).

* Stated preference methods (contingent valuation, choice models) are named “direct approaches” because they
consist in directly interviewing individuals and ask them the amount they would be willing to pay to restore one
more unit of ecosystem service (e.g. create one more hectare of forest, increase marine fish population by one

thousand individuals, etc.).
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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). Indirect’ methods, like
hedonic pricing and travel cost, rely on observed behavior in related markets for valuing the

ecosystems services.

Another valuation technique is that of benefit transfer (e.g. Plummer, 2009). If collecting
primary data on the ecosystem service under consideration is either too expensive or too
difficult, it is possible to transfer an existing valuation from an ecosystem (the study site) to a
similar site in another location (the policy site). The procedure is to describe the policy site
and the possible policy actions, to select existing studies providing a basis for a benefit
transfer, to estimate a value for the relevant site and to apply it to the policy site or
alternatively to draw up a benefit function relating and individual’s willingness-to-pay (WTP)

to a set of individual and site characteristics.

Whatever the method used, no one is exempt from criticism and even though a monetary
valuation, albeit imperfect, has the advantage to bring about precious indications about
ecosystem services, it can never be used as the sole decision making criterion as other social
and ecological objectives (many of which may not be adequately captured by money metrics)

must be considered as well.

That being said, although monetary valuation of ecosystem services suffers from several
limits, 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. Carbone and Smith (2013) model the effect of air

pollution on ecosystem services and health in a general equilibrium setting accounting for

? Revealed preference methods such as hedonic pricing are named “indirect approaches” because they estimate
the willingness to pay without asking directly to people the amount they would pay for changes caused to
ecosystem services. They utilize the fact that some market goods are in fact bundles of characteristics, some of
which are ecosystem services (Pearce et al., 2006). By trading these market goods (e.g. houses in a
neighborhood), consumers are thereby able to express their values for the ecosystem service (e.g. clean lake in
the neighborhood), and these values can be uncovered through the use of statistical techniques used to estimate

the price difference between houses located close to the clean lake and those located next to a polluted lake.
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both use and non use services. They compute WTP measures of an ecosystem service and
show that general equilibrium effects matter. This paper uses a different setting — an Input-
Output (I-O) model — and 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 I-O model (Daly, 1968; Isard, 1968, Miller and Blair, 2009) that focuses on crossed
interactions between components of the ecosystem and the economy and that has been semi-

dynamized.

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 three
criteria: i) the category of ecosystem components (intermediate products, ecosystem services,
benefits obtained from the ecosystem), ii) existence of a market, intention to exchange, or
possibility of restoration or preservation, and iii) direct/indirect monetary valuation
techniques (see Section 4). One advantage of this guiding framework is to consider the critical
importance of intermediate products provided by the ecosystem, even if they cannot be easily
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 biological structures and processes, ecological functions, ecosystem services and
benefits. It explains why our approach limits the use of monetary valuation techniques to
benefits produced by ecosystem services. Section 3 presents the semi-dynamic hybrid I-O
model. Section 4 describes the guiding framework for the integration of monetization into the

1-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

* Real market simulations are considered later in the text but stated preference methods and constructed markets
are also used in this paper and they obviously do not perfectly represent real market behavior. However, they can
be considered as “potential market simulations” since we applied them to ecosystem services that could

potentially be exchanged on a market (via a tax representing agents’ WTP for example).
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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. De Groot et
al. (2002) built a table that offers a good summary to match monetary valuation techniques
with the proper category of ecosystem services. But 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 defined in the MA (Millennium Ecosystem Assessment, 2005) —
supporting, regulating, provisioning and cultural services — 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 water
flows regulation) and some researchers attempted to include these aspects in monetary

valuation exercises (e.g. Garcia Llorente et al., 2012).

The purpose of this paper is not to assess the impacts of changes caused to ecosystems on
aggregated preferences (as monetization approaches do) but rather on the economic
production and final consumption. This requires to clearly show the distinction between
intermediate products (i.e. biological structures and processes that provide ecological
functions) and final products (i.e. the resulting ecosystem services and their benefits).
Ecosystem services generate benefits that can modify human wellbeing, economic production
and final demand whereas biological structures and processes generate ecological functions

that enter the production process of ecosystem services (Figure 1).

The distinction between intermediate and final products is however not new. It can be traced
back to de Groot’s (1992) distinction between functions — corresponding broadly to what is
currently labeled intermediate products — and services. Later, the chain got divided in
additional steps and was thus refined (e.g. Boyd and Banzaf, 2007; Gomer-Baggethun and de
Groot, 2010; Fisher et al., 2009). The distinction’ presented here is proposed by Haines-

> Other distinctions do exist in literature (e.g. Fisher et al., 2009).
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Young and Potschin (2010, pp. 115-116) in their cascade model. It is based on the simplified

causal chain (Figure 1) going from the initial biological structure or process located in step n-

3 (it covers the MA categories of supporting and regulating services) to the end result located

in step n (i.e. to the benefit to individuals). Nursery habitats, forest soil cover, sediment

accumulation in bays and forest soil fertilization are the four examples illustrated in Figure 1°.

Figure 1. Classification of ecosystem services based on the Haines-Young and Potschin (2010)’s cascade

model.
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The initial biological structure (e.g. soil particles in forests) is the natural biotic or abiotic
physical support on which biological processes’ take place (e.g. primary production of tree
biomass in forests) and includes all components of the physical organization of the

environment.

Biological processes (step n-3 in Figure 1) generate ecological functions, that is, the result of
interactions between biological structures and processes that plays a role inside and for the
ecosystem (step n-2) (e.g. the ecological function played by trees in structuring forest soils
into a “sponge” that retains rain water). They are both considered as “intermediate products”
provided by the ecosystem since they constitute a preliminary base before generating

ecosystem services (step n-/ of the causal chain) (Turner, 1999).

Ecosystem services are produced by intermediate products and part of the final products’
group® because they are more directly related to individual uses (market and non-market uses)
and hence to human wellbeing components and economic activities (e.g. flood protection). It
includes what is often called in literature ‘outcome’, ‘goods’ or ‘services’ that are made

available by the ecosystem for potential use by humans.

The benefit is the last step in the cascade model and is defined by Fisher et al. (2009) 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.
damages to infrastructure, needs in recreational activities, ...). As a result, it seems
reasonable to assume that this category is the only one that depends on individual preferences
and hence, that should be valued in monetary units. As underlined by Fisher et al. (2009), this

classification avoids any potential double counting problem.

7 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.

¥ A clear distinction between intermediate products and final products is not always possible. For example,
provision of clean water by rivers may be used as an ecosystem service (final product) for human consumption

purposes and/or as an ecological function (intermediate product) that ensures aquatic life.
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Similarly, Turner et al. (2004) suggest that the valuation of intermediate products are
independent of preferences and hence, are not included in the total economic value (TEV).
However, intermediate services may give rise to non use values and accounting for them may

result in double counting’.

From a more general perspective, the distinction between final products that can be monetized
and intermediate products that should not be monetized needs to be tempered. First, few
attempts to include ecosystem processes and properties in monetary evaluation exercises have
been undertaken from a theoretical (Kontogiani et al., 2010) and empirical (Garcia-Llorente et
al. (2011) perspectives. And second, institutional criteria also play a role. As a matter of fact,
an ecosystem service that a society considers not salable or, said differently, without intention
of exchange, does not need any money measure, independently of its classification. Hence,
ecosystem services considered here are supposed to have a positive WTP. Moreover, when
questionnaires are well built up, choice experiment (direct monetization approach) may
enable to assess the effect on well-being (in terms of WTP) of different environmental
management scenarios in different ecosystem services and even in intermediate products such
as regulating services (e.g. Takatsuka et al. (2011), Garcia-Llorente et al. (2012) or Johnston
et al. (2013)). Nevertheless, this is not without some caveats as underlined in Spash et al.

(2009) and Johnston and Russel (2011).

The semi-dynamic hybrid I-O model presented in the next Section proposes an alternative
approach in which monetary and physical evaluations are combined into a multidimensional
guiding framework (Section 4) for assessing the impacts of intermediate product changes on
ecosystem services and benefits. This framework i) clearly differentiates the ecosystem
components that are effectively measured by monetary techniques from those that are not and
i) ensures that what cannot be measured in monetary units is assessed in physical units by

other techniques. It enables various ecological policy scenarios to be assessed and compared

’ Young and Potschin (2010) consider that, for avoiding double counting, the provisioning ecosystem service of
fish resources should be considered as a final service obtained from the water flow regulating ecosystem service
provided by trees and the supporting service provided by nursery habitats. In that case, water flow regulating
and the supporting service should not be valued monetarily because their economic value is already included in

the benefit obtained from the provisioning ecosystem service of fish resources.
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with each other so that stakeholders can choose the scenario that best suits their needs, desires

and projects.

3. Semi-dynamic hybrid I-O models for the analysis of ecological-economic processes

The ecological-economic modeling approach is based on a hybrid I-O model (e.g. Leontief
(1970), Victor (1972), McDonald (2005), Lixon et al. (2008), Miller and Blair (2009) and
others) that has become semi-dynamic. Its semi-dynamic property means that what happens in
year ¢-1 has an impact on year ¢ but input technical coefficients remain constant and its hybrid
property enables monetary units to be used together with physical units and delivers results in
both units. An I-O model describes how economic sectors exchange raw materials, semi-
finished products and services between them (intermediate demand of inputs or also called
“interindustrial exchanges” as in Figure 2) in order to produce final goods and services sold to
households, NGOs, public administrations, foreign demand, etc. (final demand of inputs). In
addition, hybrid I-O models give information on the consumption of natural resources and the

emissions of wastes and pollutants linked with goods and services produced.

Goods and services

Payment of production factors
in the form of incomes (Y¢)
(salaries, dividends, land rents, etc.)

FIRMS OUTPUT (g¢")

Secondary .
sector HOUSEHOLDS (')

(and other final consumers)

Interindustrial
Exchanges (DTand Bd)

Primary | .| Tertiary
sector | "|  sector

Production factors
(Labour, capital, land)

Payment of goods
and services purchased

Figure 2. Scheme of the economic system as simulated by input-output models.

The I-O model used in this paper is based on commodity by industry tables. They are made of
two tables: a Supply table and a Use table. The general equation (1) of commodity by industry
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I-O models calculates the direct and indirect impact on the production of output (g) of all

other sectors based on changes in final demand (Lixon et al., 2008):
g = [@-pTBY) 07| (1)

where gtT is an mX1 column vector whose elements gf are the total output per sector j

produced during year t (exponent 7 means “transpose”), [ is the nXm identity matrix ; D is a
nXm matrix of technical coefficients named commodity output proportion; B is a nxm
matrix of input technical coefficients by, DT is the matrix of the commodity output proportions
d;;, which are technical coefficients defined under the industry-based technology assumption.
Both technical coefficients, B and D, are calculated respectively on the basis of supply matrix
V (see Cordier et al. 2011) and the use matrix U, as in Lixon et al. (2008). Exponent d shows

that consumption concerns inputs used inside the study area, which have been domestically
produced in the study area; f d* is an nx1 column vector representing the final demand in

year t where each fidt represents the value of regionally produced commodities i consumed
by the p categories of final demand &k (k = I, ..., p) that is to say: final consumption by
households (k = 1), NGO (k = 2) and government (k = 3), gross fixed capital formation (i.e.
investments) (k = 4), change in valuables (k = 5), change in inventories (kK = 6), and

international and interregional exports (k = 7). In other terms, each fidt =1 iﬁt.

Figure 3 offers a schematic example showing how ecological function, biological structures
and processes as well as their indirect feedback impact on the economy are introduced into
the I-O model in order to form a hybrid model. 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):
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Ecosystem

(1) Exogenous equations Biological structure or process
e.g. life support service provided by ——
marine habitats to juvenile fish

(2) Expert opinions

(3) Exogenous equations

—> Destruction or restoration

Ecological function
e.g. growth of juvenile fish Ecological
(8) Cost and consumption populations indicators:
data integrated to 1-O tables

Hectares of
marine habitats

(9) I-O equations

1(4) Exogenous equations

Tonnes of fish in

Ecosystem service ™ marine population
. GDP €.g. provisioning of fish —l_

< resources at adult stage _, Tonnes of
Economic sectors —> Employment fish caught

Salaries (5) Economic statistics

Macroeconomic indicators:

(6) Prices from formal, surrogate

Gross operating surplus

and-constructed markets

Benefit
Feedback impact «—— e.g. fish caught with fishing equipment
(7) 1-O equations (technical and human capital)

Economic system

Figure 3. Quantification of relationships between the four steps of the cascade model: Biological structure and

process, Ecological function, Ecosystem service, Benefit.

(1) Exogenous equations calculating the evolution of the stock of biological structure
(e.g. surface of marine habitats) 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'".

(3) Exogenous equations calculating the evolution of ecological functions due to changes
in biological structures (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 ecosystem services due to changes
in ecological functions (e.g. fish population equations calculating the quantity of adult

fish based on the variation of the population of juvenile fish computed in (3)).

' 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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(5) Economic statistics on the use of ecosystem 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 (gasoline, fishing equipment, etc.).

(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 ecological
functions and biological structures or processes as well as between ecological functions and
ecosystem 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 ef al. (2003)).

Figure 3 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 biological structures or processes (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.
-12-



4. The guiding framework for monetization in ecological-economic models

The reason for integrating monetary values to the semi-dynamic 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 Grét-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.

The guiding framework, illustrated in Figure 4, allows monetary valuation techniques to be
inserted into the [-O model, but prevents them overshadowing the existence and the role of
intermediate products as well as their interactions with ecosystem services (see Section 2).
The framework is based on the partition of ecosystem components detailed in Figure 1 and

operates according to three criteria detailed below.

4.1. First criterion: ecosystem components that are good candidates for monetization

This preliminary step enables to judge whether monetization is appropriate.

The ecosystem component is considered an intermediate product if it relates to a component
of the ecosystem that participates in the generation of either an ecological function or an
ecosystem service. It is considered an ecosystem 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.).

If the ecosystem component is neither an intermediate product nor an ecosystem service, it is

a benefit obtained from ecosystem services.

4.2. Second criterion: monetization criteria of candidate ecosystem components

13-



If the ecosystem component is an intermediate or an ecosystem service, monetization is
normally not considered in the framework (for the reasons mentioned in Section 2) except for

restoration or preservation activities (see the third criterion).

But if the ecosystem component is a benefit obtained from the ecosystem, it can be valued in
monetary units provided there is a market or intention of exchange. If not, then there is in
principle no need for money measure as mentioned before: indeed, a very low WTP may
mean that there is little or no intention to exchange (Pearce et al., 2006, Costanza et al., 1997,
de Groot et al., 2002). Hence, in Figure 4, we should then select the path that goes toward the

box “Evaluation in physical units”.

On the contrary, monetary valuation techniques apply for benefits for which there is a market
or intention to exchange. Consequently, the third criterion questions whether the monetary

value to be entered in the [-O model is calculated from a direct or an indirect approach.

| The ecosystem component is either an intermediate product or an ecosystem service |

/\

Yes ) No,
It is a benefit

FIRST CRITERION

A4 s A 4
| Is there a market or intention of exchange?

h
! / \ SECOND CRITERION
No _--= Yes ," No Yes
’ ’
l’ 'I,
1 ’
1 A
1 ’r
4 A R “ N
Evaluation in ::’: --=7" Indirect approach Direct approaches Indirect approaches

(formal market): «—» (constructed markets): (real and surrogate markets):
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damage costs

Replacement costs Stated preferences
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y

\4 v

A

Simulation of ecological impacts:
change in the provision of
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-14-




Figure 4. Guiding framework for the integration of monetary valuation techniques into a hybrid I-O model'.

4.3. Third criterion: operational processes for integrating monetized ecosystem components

into the hybrid I-O model

The third criterion (Figure 4) suggests three possibilities to integrate monetary values into the
I-O model depending on whether the ecosystem component is i) a benefit monetized with a
direct approach, ii) with an indirect approach or iii) if it is an intermediate product or an

ecosystem service.

4.3.1. Benefits valued with direct approaches (WTP for environmental restoration)

They may be inserted into the I-O model to simulate the impact of the cost of environmental
restoration/preservation on disposable income and, therefore, on final household
consumption. The impact on gross operating surplus is also simulated further below. The
environmental restoration or preservation measure considered in this paper is an

. 12 . . . . . e
environmental tax ~ aimed at funding environmental restoration or preservation activities.

The impact on final household consumption is calculated in equation (2) assuming that
households purchase final commodities ( fifi,;l) in proportion to their income. We are
interested in calculating how WTP for environmental preservation modifies disposable
income. This is carried out by transforming WTP values into a hypothetical tax in the model
as shown below in Table 1 (note b) and in Appendix 1. 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

"' Dashed arrows show that although monetary valuation is carried out, it is always possible to consider physical

unit evaluations in parallel.

"2 Introducing a market distortion such as a tax can worsen existing market failures. In this case, our goal is to
find a way to take WTP into account and one method is to use a tax whose global return would be the WTP
values, as a method for partly internalizing the externality, in the I-O model. But other economic instruments do
exist (e.g. payment for ecosystem services, positive incentives such as subsidies, etc.) and it would be interesting

to extend the model in order to integrate them in scenario simulations as the one developed in Appendix 1.
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choice experiment, which reduces household consumption as illustrated in equations (2) and
(4). The calculation of the effect of the hypothetical tax consists first in subtracting from the
final household consumption in previous year ( fifi,;i), the effect of the variation of disposable

income (Y*) due to the WTP paid:

at  _ gat?t yt— yt-1 .
ik=1 = fik=1 \1+ei——/F , i=1,....,n (2)

yt-1

where f4_; and f4_, are respectively an element of the nx1 column vector fi&;" (from
equation (1)) representing the consumption of commodity i by households (kK = 1) at year
t — 1 and ¢ when the cost of environmental measure is applied; Y¢~! and Y’ are respectively
the income available for final consumption in #-/ and 7. And finally, the scalar e; is the

income-elasticity of demand for commodity i (elasticity values are available in Gohin, 2005).

If restoration costs exceeds WTP by a certain amount (¥*?), that extra amount is borne by
economic sectors responsible for nursery destructions in application of the Polluter Pays
Principle. However, it is likely that economic sectors would not accept to bear the full cost
through a reduction of their benefits. This is why we arbitrarily assume that they would agree
to pay half the cost through a reduction of their benefits (gross operating surplus: GOS) and

the other half through a reduction of employment or salaries (Table 1 (note c)).

The Gross operating surplus is thus calculated as follows:

—=to

t it t
GOS; = —-g; — ;¥ ), (3)
9j
13 il : t—1 ; t-1 m tho t—1 t-1 -
Y*' is proportional to total output per sector (g ;) from previous year: Y*70 = YL, =g where g;7 is

9j

calculated from equation (1) and the income available in reference year (Y].to) is calculated with data observed in

the year t, by subtracting taxes on incomes, savings and social contributions from compensation of employees
and adding the share of the gross operating surplus that is paid to shareholders in the form of dividends. And Y’

includes the aggregate WTP, thereby reducing household consumption from previous year.
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where the gross operating surplus of sector j at time ¢ (GOS jt) is calculated differently than in
most [-O models: it is computed in proportion of the variation of total output of sector j
between time ¢ (g;") and time ¢ (g]t-) but, in addition, it is reduced as it bears half of the

restoration costs, taking into account a sectorial burden-sharing rule (a;, ,).

This impacts final household consumption (equation (2)). Disposable income Y? is thus

modified according to equation (4).

4

t — yt-1 _ t t (1, 1Shares
YE= Y14 phoy) — WTP =t (54250 )
Yearly income increases exogenously (Y:~1(1 + pL_,)) but households pay for restoration in
t (WTP?Y). The first term of the addition between brackets, %, is the first half of W! that
companies pay with the cash released by reduction of salary levels'® or reductions in

employment if salaries remain constant; the second term relates to the other half of ¥t that

companies pay from their gross operating surplus. The proportion ( ) of the gross

GOS
operating surplus (GOS) distributed to shareholders in the form of dividends (Shares) is then

t 1 Shares hares

reduced by ¥
GOS

= 249%. It has been

. The value taken for this proportion is 2

estimated with data for aggregated French economic sectors in 2007 (INSEE, accessed in
2010). Hence, Equation (4) shows that the hypothetical tax does not only include the WTP
but also the cost of restoration that exceeds the WTP (¥*1).

Restoration costs also impact investment. This is calculated in equation (5) where the

positive effect of such investments (¥*+ WTP?) on economic activities that are contracted to

implement restoration are taken into account:

f&s = (I, GOSL ) cap + (W + WTPY) | 5)

14 . . . . . . . .
Reductions in salary levels may consist in direct monthly income reduction, salary freeze or in lower salaries

for new employees.
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f,\,,d:4 is an nX1 column vector of investments in commodities i made in the region in ¢;
(Pt + WTPY) isanx1 column vector with zero values except in the i™ line whose value is
the total investment cost in environmental restoration, cap is a nX1 column vector whose
elements cap; are the fixed capital formation coefficients'’. They are calculated based on the
assumption that the share of investment in each commodity i in the total gross operating

surplus invested by all sectors j in the reference year t, remains constant. Y., GOSit{vlj is a

scalar representing the part of the gross operating surplus that is invested in t — 1 by all
sectors j. It is calculated for each sector by equation (6). The explanation is similar to that of

equation (3) and it also takes into account the part of the gross operating surplus that is

. Shareto
invested (1 ———):
GoSsto
——=to -
FAot-1 _ _ Wi tq  1y,4-1,, _ Shareo
GOSinvj - gt.o gj 2 ¥ (1 Gosto )ajtot (6)

The direct plus indirect impact of changes in final demand (household consumption from
Equation (2) and investment from Equation (5)) on all other sectors of the economy in t is
calculated through the general equation (1). Equations (1) to (6) are applied to a real case
study in Appendix 1 to test the integration of WTP into the hybrid I-O model. The Appendix
also shows how to introduce replacement costs into the model (one of the indirect approaches
listed in Figure 4). Note that these equations rely on the assumption 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 (as is the case in Appendix 1) 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 rather than by regional dynamics).
Another option would be to consider solely an increase in sales prices. In that case, an I-O

price model should be used (see the example for hedonic prices in the next subsection).

' This calculation of the fixed capital formation coefficients (cap j) is available from the authors upon requiest.

It enables to take into account the fact that companies bearing important restoration costs in #-/ are likely to
reduce their investments in ¢. This is a good technique to estimate investment since fixed capital formation
coefficients are quite stable through time, at least over a 13 year-period (verified in the I-O tables for France

1995-2007 published in Eurostat (2009)).
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4.3.2. Benefits valued with indirect approaches (except replacement cost technique)

This relates to monetization techniques based on real and surrogate markets. Their results 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 enables to assess the direct and indirect effects 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 integrating monetary values, that measure the change in the provision of an ecosystem
service, inside the matrix F of final demand or the matrix B of intermediate inputs (in

equation (1), the p categories of final demand are summed for each commodity i, which

transforms matrix F into a column vector symbolised by f dt).

Table 1 (note (a)) shows that indirect approaches such as hedonic prices can be integrated into
the I-O table 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 can be set up to obtain an [-O price model (cost push) as developed in Leontief
(1974) and Miller and Blair (2009). The model can then be used to calculate relative price
changes subject to an exogenous factor price increase, for example, an increase in housing
prices (e.g. restoration program of natural habitats that improves landscape beauty and

enhances recreational activities) thereby increasing demand for real estate goods.

Equations of the I-O price model require that an increase in the price of real estate goods due
to natural habitat restoration programs automatically lead either to a decrease in the value
added'® of the other sectors using such goods as intermediate inputs (e.g. rent of buildings) or
to an increase in the prices of the economic commodities the other sectors 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).

' Because Value added = Receipts — Intermediate input consumptions.
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The hedonic price information is then added to the value added w; (Table 1, note (a))

corresponding to the real estate sector (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 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 the

column vector f 4" and the impact on the total output produced per economic sector in the area
studied would be calculated via equation (1). From that equation, the economic components
of the wellbeing measured by employment and Gross Domestic Product (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 sectoral economy of the study area. As an example, if the model
shows that the price of basic commodities (food, housing, energy, etc.) would significantly
increase when natural habitats are restored, this would be a signal for decision makers that
some measures need to be taken: e.g. implementing fiscal instruments to help poorer
households bear higher prices on basic commodities, creating a price observatory to impede
producers to increase their prices, reducing the restored area to decrease the cost of

environmental restoration...

4.3.3. Intermediate products and ecosystem services valued with the indirect approach
of replacement costs

The guiding framework allows intermediate products and ecosystem services to be monetarily
valued with the replacement cost method only when restoration or preservation activities are
considered. Although it is an indirect approach, the technique of replacement cost is
integrated into the model for a reason similar to direct approaches described in Section 4.3.1:
to simulate the direct and indirect impacts of internalizing an externality on the economic
system in the case where inhabitants or companies would accept (or would be forced by law
or by economic incentives) to pay the amount required to replace ecosystem services they

damaged.
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As mentioned before (Section 4.3.1), when the sum of individuals’ WTP does not enable to
fully cover the restoration costs, then the remaining environmental restoration expenses are
borne by economic sectors responsible for nursery destructions. To assess if the sum of
individuals” WTP fully covers environmental restoration expenses, it is necessary to estimate
the cost of activities and equipment that are required to replace an ecosystem service that has

been destroyed.
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Table 1. Use table of the hybrid I-O model applied to nurseries (marine habitats) of the Seine estuary.

Economic sectors Final demand
. Ecosystem Total
i=1,....m) k=1, ..., p) y
Economic commodities (M€) U 1-Oprice F «-
(=1, ..n) w; model > fi qi
A m+p
Imports (M€) E Z m;
i =
Primary inputs (value added: benefits w =
(GOS), wages and salaries, net taxes) (M€) pp Wyjamen IS Z Vzj
(z=1,...1) N =1
||‘ m 14
Total (M€) g\ Z(gj) +Z(uk)
! j=1 k=1
Nursery (km2) N '|| (eN)Seine P (eN)Seine
Ecological \ m+p
commodities Fish (t) VoS (e5)Seine Z 7S + (eS)Seine
1
\
a. e »Integration of hedonic prices (indirect )

approach)
to model the impact of the restoration of natural habita

b. ----»
(Nursery) on final demand.

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). The integration is made
through Equation (2) and (5)
c. ----9 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 as developed in Equations (3)
and (4).

)
1
1
1
1
1
1
1
1
1

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

operating surplus), wages and salaries, net taxes), g;: row vector of total output per sector j, g;: column vector of the total
demand per commodity i, m;: row vector of interregional and international imports, u,: row vector of total input consumed per
category of final demand, rjs: quantity of fish consumed by sector j or final demand k in the Seine estuary, r": total amount of

nursery areas destroyed by all economic sectors, (e")S¢¢: nursery surface that can be used by the ecosystem of the Seine
estuary, (e®)’¢i"e: 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 and
potential market simulations. Simulations of scenarios of environmental measures are carried
out with a semi-dynamic hybrid 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.
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The first criterion of the guiding framework establishes that benefits generated by ecosystem
services are measured by monetary valuation techniques while intermediate products or
ecosystem services are measured in physical units, except when restoration or preservation is
considered, as illustrated by the second criterion. However, papers such as Hannon (2001)
and Grét-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.

To monetize benefits generated by ecosystem services, the third criterion of the guiding
framework suggests operational processes for integrating results from monetary valuation
techniques to the semi-dynamic hybrid I-O model. The framework also allows the integration
of results from natural sciences in physical units. Three categories of impacts are considered:
i) ecological impact valued in physical units, that is, a change in the provision of ecosystem
services, ii) subsequent feed-back impacts of these changes on economic production and final
demand as measured with indirect approaches (real and surrogate markets), and iii) economic
impacts of the internalization of environmental externalities such as an environmental tax

computed from a direct and/or indirect approach (replacement costs).

Dealing with cultural services within the guiding framework is possible but more difficult as
these services are not always tangible. As a matter of fact, in the example of the bay of Mont
Saint-Michel island in France (Figure 1(c)), cultural service like recreation can easily be
quantified in terms of the number of tourists hiking in the bay each year and in terms of euros
paid to hiking guides or tourism agencies. However, cultural services such as esthetical

service offered by the bay is more difficult to assess.

Even though the guiding framework remains largely theoretical at this stage and should still
be tested on additional case studies to that developed in Appendix 1, one originality of the
guiding framework lies in that it shifts the traditional focus of monetary valuation from the
analysis of impacts of changes in ecosystem services on aggregated individual satisfaction

and preferences towards impacts on production sectors and final demand. Another interesting

23-



aspect is the way the framework combines biophysical and monetary data and attempts to
differentiate the suitable domain for using either of them. We believe that such distinction is
an important one that is often overseen in the literature on ecosystem services valuation. This
framework may give natural scientists a better understanding of how to take advantage of
economics when analyzing the impacts of interactions between the economy and the

ecosystem.

Appendix 1 — Monetary values from direct approaches and the indirect approach of

replacement costs

In order to test our methodology, we built two scenarios: a “business as usual” scenario
(BAU) and a scenario of nursery restoration in the Seine estuary (located in France’s Haute-
Normandie region). Both scenarios have been simulated with a version of the static model of
Cordier et al. (2011) that has been semi-dynamized and modified for integrating the WTP
resulting from direct monetization approaches. Results are compared with the original

situation of 2007 whose values are set to 100.

The BAU scenario describes the annual evolution of the ecosystem and the economy between
the reference year 2007 and the horizon year 2018 as it would evolve if current ecological and

economic trends were maintained and no restoration of nursery areas were undertaken.

The restoration scenario hypothesizes that 25% of the losses in sandy nursery with high fish
density are restored over the period 2008-2018. This consists in a restoration of 2.2 km? per
year, or 24.38 km” at the end of the period. The expected impact would increase the capacity
of fish populations to regenerate and our simulation results suggest that the growth in fish
stock might indeed be significant: the population of common soles (Solea solea sp.) born in
the Seine estuary would rise from 100 to 123.2 in 11 years for the restoration scenario

compared to 104.0 under the BAU scenario (Figure 5(a)).
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The annual cost of restoration amounts to M€ 386 (= ¥t + WTP)". This value includes all
costs incurred in the restoration of subtidal nurseries (nurseries below tide marks, i.e. always
under water) of 1m cmh'® depth located between 500m and 3000m from the shore. The
restoration technique consists in dredging sediments from the navigation channel in the Seine

estuary and transporting them to the restoration area.

In the guiding framework (Figure 4), WTP resulting from direct approaches are integrated
into the model to simulate the impact of the cost of environmental restoration on disposable
income (Section 4.3.1). Beaumais et al. (2008) carried out a contingent valuation in the Seine
estuary to assess the economic value of wetlands (nurseries included) and computed a
maximum yearly WTP across all households of the Seine estuary amounting to M€ 21.89.

This value has been integrated into the model as in Equations (4) and (5).

However, the replacement costs technique (Section 4.3.3) shows that the cost of equipment
and activities required to replace destroyed nurseries (M€ 386 per year = ¥+ WTP?) is much
higher than the total aggregated WTP (M€ 21.89 per year = WTP™). Costs (¥*) of nursery
restoration that are not covered by the WTP are also entered into the model but they are borne
by economic sectors, not by inhabitants. The impacts of restoration on GDP is illustrated in
Figure 5(b): GDP increases from the 2007 base value of 100 to 120.8 without restoration
(BAU) and 115.7 if restoration activities are carried out. In other words, without restoration
the annual average GDP growth over the 2007-2018 period would reach 1.7% whereas with
restoration activities, it would reach 1.3%. This negative macro-economic impact is relatively
small compared to the sectorial impact shown in Figure 6. This shows that the main issue is
not the financial burden of restoration but rather, the distribution burden (who pays for

restoration).

' all prices mentioned in the Appendix are 2007 prices

'8 ¢mh : cote marine du Havre (marine reference dimension of Le Havre).
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Figure 5. Simulations of ecological and macroeconomic impacts of the Restoration and BAU scenarios.

Figure 6 shows the sectorial economic impact for 4 out of 12 sectors of the regional economy.
The remaining sectors are not shown because their graphs are similar to that of the
Agriculture sector (Figure 6 (a)) where the gap between both curves is relatively small, which
suggests that the losses in terms of benefits caused by restoration activities are relatively
small: BAU benefits amount to 117 compared to 111 for the restoration scenario in 2018.
Moreover, the gross operating surplus keeps growing year after year for both scenarios, albeit

at a slower rate in the restoration scenario.

Three sectors are nevertheless hit harder in the restoration scenario because they bear the
highest responsibility in nursery destructions and the burden sharing applied in this paper

allocates restoration costs to economic sectors in proportion to their responsibility (a;,,, in

Equation (3)). They are the Mining sector, the sector of Manufactures of coke, refined
petroleum and nuclear fuels, and the Harbour sector (Figure 6 (b), (c), (d)). The high costs
borne by those sectors reduce their gross operating surplus since we assume that they will pay
half the cost through a reduction of their gross operating surplus and the other half through a
reduction of employment or salaries (Equations (3) and (4)). The mining sector is the most

heavily impacted since its gross operating surplus in 2018 rises to M€ 124.4 without

26-

115.8



restoration and drops to M€ 79.3 with restoration, i.e. a lower level than in 2007. Restoration
therefore represents a loss of 36% in gross operating surplus. This is a result of the burden
sharing rule which makes the Mining sector to pay one of the highest shares of the annual

restoration costs: a;, ., = 18.3 %. The losses in the harbour sector and in the sector of
Manufactures of coke, refined petroleum and nuclear fuels are smaller although they remain

very important (33.4% and 15.3% respectively).
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