
Projecting the future value of 
ecosystem services: a way to 
enhance cost-benefit analysis
Cost-benefit analysis (CBA) is an essential tool for 
assessing the profitability of a public investment project. 
In France, CBA is particularly used for economic analysis 
in the implementation of the Water Framework Directive 
(WFD). As natural resources become scarcer and 
demand for environmental goods rises, their value 
increases, which should result in a rise in their price 
relative to other goods in the economy. However, this 
increase is not currently taken into account in the usual 
CBA methodologies. Incorporating this concept would 
improve the estimation of the environmental impacts of 
projects in the water sector and other sectors dependent 
on natural resources. This publication presents these 
concepts, explores concrete ways to integrate them, 
and illustrates them through two examples.

COST-BENEFIT ANALYSIS OF PUBLIC 
INVESTMENT PROJECTS 

Cost-benefit analysis (CBA) is one of the assessment tools that 
decision-makers can use to evaluate the impacts of a public 
investment project at an early stage. This type of analysis 
involves assessing the net benefit to society of a project, by 
weighing the economic, social and environmental costs and 
benefits.

The formal framework for carrying a CBA enables costs and 
benefits to be aggregated and assessed in space and time, 
considering the project’s lifespan and the selection of a discount 
rate. This results in the project's net present value (NPV), which 
reflects its profitability for the community (box 1). In France, 
CBAs are carried out by water agencies to assess 
the appropriateness of projects to improve water quality. These 
results are then used to implement the WFD, whose objective 
since 2015 has been to achieve good ecological and chemical 
status for water bodies.

THE VALUE OF ECOSYSTEM SERVICES 
IN COST-BENEFIT ANALYSES

Water resources and the associated biodiversity are 
threatened by multiple pressures (land artificialisation, 
pollution, etc.), exacerbated by climate change. As a result, 
the ecosystem services (ES) provided by aquatic and 
wetland environments, such as water quality regulation or 
flooding protection, are at risk of becoming scarcer in 
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BOX 1

Calculation of the net present value

Because of his preference for the present, an economic agent 
gives less importance to an amount committed in the future 
than to the same amount committed today. To compare the costs 
(considering I0 the initial investment costs and Ct the maintenance 
costs) and benefits ( Bt ) that occur in different years (t) over 
the lifespan of a project, the CBA leads to the calculation 
of the net present value (NPV) of the project.
A discount rate (r) is applied to future benefits and costs 
to discount them to their present value. A project is 
considered profitable when the NPV is positive, i.e. when 
the sum of the discounted benefits exceeds the sum 
of the initial investment and the discounted maintenance costs 
(equation 1). 

The choice of the discount rate is based on several 
socio-economic parameters, including the rate of time 
preference, the elasticity of marginal utility of consumption, 
and the rate of economic growth [Sterner & Persson, 2008]. 
The discount rate used to evaluate public investment projects 
in France is currently 3.2% for projects ending before 20701 
[Ni & Maurice, 2021].

(1) NPV = - I0 -
T

t=1
∑ T

t=1
∑ Bt

(1 + r )t
Ct

(1 + r )t
+ (where t is the time horizon 

considered)
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1 �Consideration of the rate to be applied over the long term (i.e. after 2070) has not yet been completed.
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the years ahead. At the same time, public demand for these 
services may increase, to adapt to the effects of climate 
change. 

From an economic perspective, when the supply of a 
service decreases and/or its demand increases, the value 
of that service rises [Centre d'analyse stratégique, 2009]. 
Due to the limited availability - or even scarcity - of natural 
resources, the value of an ES is likely to increase over time, 
compared to that of market services, especially if there is 
no substitute for the service or if the substitute is imperfect. 
The literature refers to this as an increase in the relative 
price, i.e. the price of the ES in question in relation to 
the prices of other goods in the economy. 

However, in the usual calculation of CBAs, the value of 
the environmental benefits resulting from ES is considered 
to be constant over time2. The NPV does not account for 
temporal variations in their prices, which may lead to an 

underestimation of future benefits associated with 
the preservation of natural resources [Hardelin & Marical, 
2011]. To address this issue, incorporating variations in 
the relative price levels of ES into benefit estimation is 
recommended, as highlighted in a recently published 
scientific article in Science (box 2). 

ESTIMATING THE VARIATION IN RELATIVE PRICES 
OF ECOSYSTEM SERVICES

The variation in relative prices can be estimated for each ES, 
but this requires empirical data or assumptions that are as 
realistic as possible for the service concerned. By default, 
a single rate of variation can be defined for all ES. For 
example, during exploratory discussions on the subject, an 
annual increase of approximately 1% until 2050 was proposed 

Norway New-Zealand Netherlands United Kingdom
• �Sensitivity analyses 

on the variation of relative 
prices in CBAs, when 
the analysed project has 
several development paths 
in the future.

• �Variation of relative prices 
when it concerns natural 
resources that are limited 
in supply. 

• �No standard variation 
recommended.

• �Increase of 1% in relative 
prices, possibly higher 
than 1% for services that 
are highly localized and/or 
directly affect populations.

• �Positive variation of relative 
prices for ES in the case 
of scarcity of natural 
resources, increased number 
of users, and increased 
impacts caused by climate 
change. 

• �No standard variation 
recommended.

Figure 1: international examples of government recommendations on the relative prices of ecosystem services

Source: CGDD based on collected documents

2 �For certain negative environmental externalities (e.g., noise, air pollution), the associated costs already include a variation in their value over time as a function of 
determinants such as GDP or other factors. This is generally not the case for ecosystem services.

BOX 2

The variation in the relative price of an ecosystem service
In the calculation of the NPV, the benefits (Bt ) from a project can be considered as a monetary valuation of the ecosystem service 
(ES) provided by an improved status of the environment. In order to adjust their value in comparison with other services 
(e.g. market-based services), an annual rate of variation in relative prices (p) can be integrated into the calculation 
(in orange in Equation 2).

The estimation of pt is based on the "relative price change" (RPC) rule - (Drupp et al., 2024). The level of relative price variation 
is calculated from the elasticity of substitution of an ES for a market-based service (σ) and the difference in growth rate between 
a market-based service (gC ) and an ES (gE ) - (equation 3).

In practice, the elasticity of substitution tends to vary depending on the service concerned and the existence of alternative 
solutions, such as technological innovation (e.g. infrastructure to limit coastal erosion) or the import of environmental goods not 
available locally (e.g. importing potable water) – [Koetse et al., 2017]. 
An alternative to this RPC rule would be to choose different discount rates for ES and market-based services. In a recent 
publication in the Science journal, Drupp et al. (2024) show that the two options are, in fact, equivalent from a formal point a view. 
But the RPC rule is preferable for its simplicity in practical implementation and its more direct economic interpretation. 
However, the growth rate of ES remains difficult to predict in practice. It could be based on past trends, but the availability and 
quality of indicators vary depending on the service concerned. While provisioning services benefit from many reliable indicators 
(e.g. agricultural production, aquaculture production), recreational services are more difficult to estimate 
[Heckenhahn & Drupp, 2024]. Moreover, it is possible, and even likely, that future developments may not follow past trends, 
for example, in the case of increasing environmental degradation.

(3)  pt =
1
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rising sea level could le lead to salinisation of freshwater and 
affect the functioning of ecosystems. In the Selle sur Escaut 
watershed, ecosystems could be impacted by changing 
rainfall patterns. To account for these possible changes, 
the 2020 CBA parameters were re-evaluated by incorporating 
multiple scenarios of relative price increases for ES (1% and 
2% per year) to estimate the associated benefits. 

Over a 30-year time horizon, taking into account an 
increase in relative prices does not alter the final result of 
the CBA (graph 1). The project is close to becoming profitable 
for Selle sur Escaut when a variation in relative prices is applied, 
with a benefit/cost ratio of 96%. 

Over a 50-year time horizon, an increase of 1% per year 
in relative prices results in a positive NPV for the Selle sur 
Escaut watershed (benefit/cost ratio of 113%). Applying a 2% 
increase in relative prices makes the project profitable in both 
case studies, as the benefits from an improvement of water 
quality surpass the costs.

These results obtained in the case of the Aa delta and 
the Selle sur Escaut watershed do not, of course, reflect all 
possible situations, but they highlight the crucial importance 
of taking into account the relative prices of ES in socio-
economic assessments. 

More generally, integrating a variation in the relative 
prices of ES would refine the socio-economic assessments 
by incorporating the notions of weak and strong 
substitutability in a more transparent manner. It would also 
avoid a systematic bias towards underestimating the benefits 
associated with environmental protection, particularly in 
the context of climate change. To develop this approach 
further, more data on the provision and the substitutability of 
ES is needed.

in France [Centre d’analyse stratégique, 2009]. The variation 
could be increased in the event of “irreplaceable losses”.

At international level, according to Drupp et al. (2024), 
the relative prices of ES do not appear to be sufficiently taken 
into account in government recommendations at present, 
although they do exist in some countries (figure 1). 
For instance, in the Netherlands, an increase of 1% per year 
has been recommanded since 2015 for CBAs [Koetse 
et al., 2017]. Norway, on another hand, recommends including 
a sensitivity analysis on the variation rate of relative prices in 
CBAs. This method involves applying different annual rates 
and analyzing the impact on the final result of CBA. 

ILLUSTRATING THE IMPACT OF RELATIVE PRICE 
VARIATION ON CBA RESULTS

As part of the implementation of the WFD, the Artois-Picardie 
Water Agency has carried out several CBAs to estimate 
the socio-economic impacts of projects aimed at improving 
water quality. These analyses were applied in 2020 to 
the  cases of the Aa Delta and the Selle on Escaut watershed, 
which face multiple pressures (e.g. diffuse pollution, flooding) 
requiring measures to enhance their environmental condition.

The benefits resulting from this improvement mainly 
concern the enhancement of nature and the provision of 
recreational ES (e.g., fishing, hiking) - (table 1). Using constant 
relative prices for ES, the CBAs initially resulted in negative 
NPVs, with the benefit/cost ratio over a 30-year period being 
56% for Aa delta and 73% for Selle sur Escaut.

However, due to climate change, the value of the ES 
provided locally is likely to increase over time. In the Aa Delta, 

Reading note: for the Aa Delta, the first bar on the left indicates that the benefits represent 56 % of the costs. A project is considered profitable, e.g. the NPV 
is positive, when the ratio reaches 100%.
Sources: Artois-Picardie Water Agency, calculations by authors.

Table 1: costs and benefits assessment of improving water quality in the Aa Delta and Selle sur Escaut 
Thousands of euros per year

Source: Artois-Picardie Water Agency, 2020

Costs Annual benefits

Initial
investment costs

Annual 
maintenance costs

Avoided treatment 
costs

ES nautic 
activities

ES fishing ES walking Ecosystem 
value

Patrimonial 
value

Aa Delta  
(Hauts-de France) 353,223.1 6,447.1 2,322.2 50.8 162.3 3,322.9 5,977.6 2,083.6

Selle sur Escaut  
(Hauts-de France)

33,330.2 119.2 0.1 5.6 18.6 387.7 697.5 243.7

 30-year benefit/cost ratio         50-year benefit/cost ratio  30-year benefit/cost ratio         50-year benefit/cost ratio

Graph 1: comparison of changes in benefit/cost ratios following a variation in relative prices in the case studies
In %
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