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ABSTRACT

The concept of exchange values refers to the theoretical notion of an exchange happening for ecosystem services
between an ecosystem asset and an economic agent. The United Nations System of Environmental Economic
Accounting recommends using market prices as exchange values whenever possible, or otherwise, exchange
value estimates that conceptually come close to market prices. However, in countries with highly regulated
access to natural resources, the observable market prices or exchange value estimates for ecosystem services may
often be distorted or even negative. When exchange values are used for decision support or as evidence base for
policy making, negative values can be misleading.

To address this issue, we present ideas on how to include the institutional resource regime that governs
ecosystem services into the computation of exchange values. This analysis can help identify policy interventions
that increase or decrease exchange values from free-market levels and can provide guidance on how to correct for
distorted value estimates. Further it can help to better understand negative exchange value estimates as well as
reasons why society may be willing to accept, and eventually, compensate for them. We argue that the insurance
value of ecosystems can be one such reason. To exemplify the application of the extended framework, we present

a case study on the monetary valuation of water for hydropower production in Switzerland.

1. Introduction

The System of National Accounts (SNA) is an international statistical
standard for national accounts. It provides a comprehensive framework
to compile and present national economic data in a consistent way
(European Commission et al., 2009). The United Nations System of
Environmental Economic Accounting (SEEA) extends the SNA logic to
ecosystems. The SEEA Ecosystem Accounting (SEEA EA) standardizes
definitions, principles, and methods of the ecosystem accounting
framework and the physical accounts. It also describes principles and
recommendations for the monetary valuation of ecosystem services and
assets (United Nations et al., 2021). Expressing ecosystem assets in
monetary terms allows for comparisons with other types of assets na-
tionally and internationally. Recent applications of the SEEA Ecosystem
Accounting (SEEA EA) framework include Vysna et al. (2021), Horlings
et al. (2020), Scottish government (2020), La Notte et al. (2017) and
many more as reviewed in Lange et al. (2022) and Hein et al. (2020a).

According to the SEEA EA, market prices should be used for

accounting purposes whenever possible (United Nations et al., 2021). A
major difficulty of environmental economic accounting is that markets
for ecosystem services (ES) rarely exist (United Nations and European
Union, 2014). When markets and market prices are not available, so-
called exchange value estimates that conceptually come close to mar-
ket prices can be used as substitutes (United Nations et al., 2021). The
concept of exchange values refers to the theoretical notion of an ex-
change happening for an ES between an ecosystem asset and an eco-
nomic agent. Exchange value estimates capture ES’ use values but do not
reflect non-use values (e.g., existence or option values), or insurance
values.

The residual value approach is one among several methods that can
be used to estimate the exchange value of an ES. The residual value is
computed by taking the price of the final marketed good or service, to
which the ES provides an input, and then deducting the cost of all other
intermediate inputs (United Nations et al., 2021). However, in countries
with highly regulated access to natural resources, the observable market
prices or exchange value estimates for ES may often be distorted or even
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be negative (Edens and Graveland, 2014; Obst et al., 2016). This is
because institutional and market failures may cause an inaccurate
recognition of ES benefits and the costs associated to their loss (Femia
and Capriolo, 2022). Accordingly, using distorted values may under-
mine the ES’ contributions to society. In the logic of ecosystem ac-
counting, a zero or negative exchange value leads to the conclusion that
the ES lacks a value in its own right (Obst et al., 2016). The conclusion
by previous studies is thus that resource rent type approaches are
inappropriate in cases where market structures do not permit the
observed market price to incorporate a reasonable exchange value for
the relevant ES (Obst et al., 2016). Alternative approaches such as
replacement costs are recommended instead (Edens and Graveland,
2014).

In this paper, we discuss options to correct for distorting policies
while still using the residual value approach rather than rejecting the
approach because it delivers negative values. We contribute to the
debate by expanding the exchange value framework developed by
Horlings et al. (2020) to include elements of the Institutional Resource
Regime (IRR) (Gerber et al., 2009; Lieberherr et al., 2019). Going
beyond the consideration of taxes and subsidies for the derivation of
resource rents (United Nations et al., 2014), we propose to expand on
any public policies governing the ecosystems and the ES under consid-
eration, and on the property rights governing the allocation of the
resource considered. Taking the IRR into account has two advantages.
Firstly, it facilitates identifying distortions to market prices or exchange
value estimates and thus is a method to highlight institutional ar-
rangements that may already be embodied in national accounts (Femia
and Capriolo, 2022). Secondly, it provides indications on how to correct
for potential distortions in ES value estimates.

To illustrate these ideas, we present a case study on surface water for
hydropower production in Switzerland. According to the Common In-
ternational Classification of Ecosystem Services (CICES V5.2) surface
water for hydropower production is an abiotic or geophysical provi-
sioning service. In the particular Swiss case, a large share of the water for
hydropower production at high altitudes, but also in the large low-land

Resource regime
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rivers, can further be specified as a glacier ES (Cook et al., 2021). Water
can pass through up to 30 hydropower stations on its way from the
alpine headwater catchments to the Rhine in Basel which showcases
how intensively this ES is used (Schaefli et al., 2019). The SEEA Central
Framework explains how to deal with physical flows of water relating to
hydropower (United Nations et al., 2014). The SEEA Ecosystem Ac-
counting (EA) publication discusses approaches for accounting for ES in
monetary terms, but it does not go into details on hydropower.

Apart from their application in environmental economic accounting,
exchange values can also serve other purposes, for example as evidence
base or as case studies for decision making and policy support (Turner
et al., 2019). These contexts allow for flexibility in testing new ap-
proaches that may not be fully consistent with formal SNA procedures.
Our research on including the IRR emerged from such a context. It
resulted from a government-funded project aiming at providing a
knowledge base on the values of various ES in the larger context of
biodiversity conservation.

2. Extended framework

Fig. 1 is a simplified representation of the SEEA framework, building
on UN DESA (2019), Hein et al., (2020b) and Horlings et al. (2020). The
starting point is given by the ecosystem assets that generate ES (the
upper right-side box). ES encompass a broad range of goods and services
that offer economic benefits to economic agents, i.e. the beneficiaries. At
the point when the ES start to benefit society, including the economy,
they can be valued using economic valuation methods.

Economic inputs (lower box in Fig. 1) may be required for both
managing ecosystem assets as well as generating economic benefits from
ES. In these cases, economic inputs are applied to retain ecosystem
specific processes and characteristics which ensure the functioning of
the ecosystem and the provision of ES (United Nations et al., 2021).
Economic inputs are also often required to capture and use the ES flows
for producing economic goods and services. Examples are the equipment
needed for harvesting in forestry and fishery, or hydropower facilities to
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Fig. 1. ES economic valuation framework and distortion entry points. The numbered circles represent entry points for distortionary policies: Circle 1 - policies
targeting company outputs, Circle 2 — policies targeting input levels, Circle 3 — policies regulating resource access, Circle 4 — consumption support policies. Source:
authors$ elaboration building on UN DESA (2019), Horlings et al. (2020), Gerber et al. (2009) and Lieberherr et al. (2019).
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produce electricity. In Fig. 1, these relationships are represented by the
dashed lines that connect the outer box titled ‘Economic inputs’ with the
outer box ‘Ecosystem assets and ecosystem services’ (see boxes with
green outlines). However, there can be feedback loops from economic
units to ecosystem assets as well as economic benefits that do not require
using economic inputs. Examples are inaction or negative externalities,
but also positive effects such as conservation initiatives. Such feedback
loops are captured by the solid line connecting the box titled ‘Benefi-
ciaries” with the boxes ‘Ecosystem assets’ and ‘Economic benefits’.

The modes of managing ecosystems, generating economic benefits
from ES and distributing benefits among beneficiaries are often shaped
by formal institutions and property rights which form institutional
resource regimes (the left side box in Fig. 1) (Gerber et al., 2009; Lie-
berherr et al., 2019). In highly regulated contexts, prices may be
observable but rather than being the outcomes of market forces, they are
strongly influenced or even determined by policy interventions (Edens
and Graveland, 2014). Understanding the institutional resource regime,
that may impact the exchange value of an ES can help detect distortions
that can lift an ES’s contribution to the economy above a free-market
level or suppress it to a lower or even negative value. At this point, we
depart from the SEEA framework and suggest to correct for distortionary
policies. In the SNA logic, exchange values generally reflect the current
institutional context, which means that distortionary policies are not
corrected for. However, when exchange values are used for decision
support and policy making rather than for accounting, distortions that
lead to ES’ negative exchange values can result in misleading conclu-
sions. When trying to make a point that conservation is important at
least because ES contribute to the economy, negative values are of little
help. We expect that this extended framework will be useful particularly
for practitioners who are using exchange values for decision-making and
policy advice.

In Fig. 1, we have highlighted four potential entry points for different
distortionary policies (see the numbered circles in Fig. 1). Distortionary
policies often target various aspects of production (circles 1-3) or con-
sumption (circle 4) (OECD, 2019). The first entry point refers to policies
that target company outputs, e.g. income tax reductions, tariffs and
other domestic producer price support policies (see Table 1 for further
examples). The second entry point comprises all policies that target the
input level. The third entry point concerns policies that affect opportu-
nities to convert ES into economic benefits that can be placed on the
market. Finally, the fourth group contains policies that offer support to
consumers. The last column of Table 1 indicates whether the listed
policy examples are expected to increase or decrease the exchange value
of an ES, e.g. if computed with a residual value approach in a price
taking economy. The expected effect of a policy instrument on the

Table 1
Examples of distortionary policies based on OECD (2019).

Entry points Examples Effect on estimated
ES exchange value
Output Income tax reduction, deficiency 1

payments, tariffs, domestic producers’
price and export subsidies
Input Grants tied to inputs, input price )
subsidies, input tax reductions, wage
subsidies, assumption of occupational
health risk liabilities
Production standards, legal |
prescriptions on ecosystem asset
management, regulation of input
prices (e.g. wage control), import
tariffs on inputs
Exclusion of international competitors, 1
monopoly concessions, monopsony
concessions, liberalization of resource
access policies
Product price subsidy
Price regulation T

Regulation of
resource access

Consumption
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exchange value refers only to direct impacts. Indirect or cross-price ef-
fects are not considered here. We argue that controlling for distortionary
policies when using observable market prices as indicators will result in
estimates that more accurately reflect an ES’s contribution to the
economy. In the computation of an ES’s residual value, distortionary
policies can technically be controlled for by correcting either the
observable market price or the observable production cost.

If the exchange value is negative after taking into account all dis-
torting policies, then at first sight, the use of the ES is apparently
occurring at a loss. The obvious question is then why the resource
managers/owners are accepting to use the ES at a loss. One explanation
may be that they appreciate the long-term insurance value of using the
ES. The insurance value is a value component that is additional to the
common value arguments, e.g. use and non-use values (Baumgartner,
2007). It is typically a co-benefit of resource management and often has
a public good characteristic (Paavola and Primmer, 2019). The SEEA
frames the insurance value in relation to biodiversity and argues that it is
the value of an ecosystem’s resilience, or in other terms the ecosystem’s
ability to maintain the same level of functioning when shocks or dis-
turbances occur (United Nations et al., 2021). Because this resilience is
not a positive quantity that is exchanged, it is not included in the
ecosystem accounts. The insurance value is the benefit of using an ES to
hedge against the risk of sub-optimal supply of the economic benefit
from other sources. For example, Baumgartner and Quaas (2010) and
Schaub et al. (2020) find that the ES biodiversity, specifically agro-
biodiversity, has an insurance value for risk averse farmers as it re-
duces risk, e.g. in fodder production, and thereby increases farmers’
robustness to environmental shocks.

Accepting that the insurance value is an additional component of an
ES’s economic benefit allows for a new interpretation of negative re-
sidual values. When an ES is used despite a negative residual value, we
can assume that the unobserved insurance value is at least as large as the
negative residual value. In terms of the SEEA, it might be considered an
unrealized value.

3. Case study on hydropower in Switzerland

Hydropower is the most important renewable electricity source in
Switzerland. It made up for nearly 66 % of the total electricity con-
sumption in 2020. Roughly three-fourths of the consumed hydropower
electricity was produced domestically and the remaining forth was im-
ported (Pronovo AG, 2021). In 2020, the hydropower production in
storage hydropower plants and run-of-the-river plants together
amounted to 36’274 GWh.

3.1. Economic assets and inputs

In this section, we apply the framework presented in section 2 to the
case of water for hydropower production in Switzerland. The ecosystem
assets are the water catchment basins, rivers, and importantly the head,
i.e. the vertical distance between the reservoir and the turbine, that can
be used. The ES under consideration is, in this context, the volume of
available water and its gravitational potential and kinetic energy. The
economic benefit is the energy that can be generated per unit of water
and the beneficiaries are the private and public consumers of electricity.
Obviously, hydropower production necessitates economic inputs, i.e.
capital (power plant equipment), to convert the water’s energy into
power. The objective is thus to compute the exchange value per unit of
water at the various hydropower stations.

3.2. Resource regime

The Federal Constitution (Art. 76.4) establishes that the Swiss can-
tons shall manage their water resources. Some cantons have transferred
the sovereignty over public water bodies to communes or corporations.
Public waters include lakes, streams and springs with an outflow that
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has the character of a stream or river from the beginning.

The right to exclusively use water from a public water body for hy-
dropower production is formalized in concessions. According to the
Water Rights Act (SR. 721.80), a concession may be granted for a
maximum period of 80 years. The concessions lay out the annual fee that
the concessionaire must pay to the conceding administrative entity (e.g.
a canton). The Ordinance on the determination of water fees
(SR.721.831) stipulates that the fee is to be based on a hydropower
plant’s annual average gross capacity (in kilowatt) which is defined as a
function of water volume and usable head. The fee that the operator of a
power plant has to pay increases with water volume and head. Ac-
cording to Art. 76.4 of the Federal Constitution, the monetary fee based
on a plant’s annual average gross capacity is determined by the cantons
within the limits given by federal law. The federal price ceiling has been
ratcheted up several times from 41.67 CHF/kW (in 2019 prices) of gross
capacity in 1918 until the most recent increase in 2015 from 100 to
110CHF/kW of gross capacity which was also the price in 2019 and will
remain valid until 2024.

Further, the Energy Act (SR. 730.0) entitles operators of large hy-
dropower plants (>10 MW) to a market premium of up to CHF0.01/kWh
if their production costs exceed the electricity market price. This market
premium has been available since 2018. In the beginning, 17 operators,
owners or utilities received such support for a volume of power repre-
senting 23 % of the electricity generated by hydropower in Switzerland
(SFOE, 2019). This gradually increased to 30 operators, owners or
utilities receiving market premium support in 2021 for 46.9 % of the
volume of electricity generated by hydropower in Switzerland. With the
recent rise in energy market prices, only 7 operators requested and
received support in 2022 for 7 % of the domestic electricity generated by
hydropower (SFOE, 2022a).

Finally, the Energy Strategy 2050 explains the government’s ambi-
tion to source an increasing share of energy consumption from renew-
able resources while simultaneously phasing out nuclear power supply.
Hydropower plays a major role in this transition.

The analysis of the resource regime thus reveals that three policies
are in place, that impact the exchange value of water for energy pro-
duction. The first is the regulation of the water fee. The fee is determined
through political negotiations and is detached from price fluctuations on
the energy market. It increases production cost and decreases the re-
sidual value. The second policy is the market premium which functions
as a deficiency payment. It cushions losses and thus should be subtracted
from production costs. The third is the Energy Strategy 2030 which gives
preference to hydropower as a renewable domestic energy source.

3.3. Results on the exchange value of water for hydropower production

Recent data from a representative survey on hydropower production
costs is available for the years 2011-2016 (SFOE, 2018b). The data show
that variation in average production cost per kWh is rather small across
years. Given that the price ceiling for the concession fee was last
adjusted in 2015, we use the production cost data for the years 2015 and
2016 only. For 2017 onward we use the average production cost of the
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years 2015 and 2016. For comparability, we deflate all prices to 2019,
the year before markets were shaken by the Covid19 crisis and in 2022
the war in Ukraine.

In Table 2, we present two versions of the residual value approach. In
the first simple version, we simply subtract the production cost of
electricity generated in hydropower plants from the energy market
price. The resulting values for the years 2016, 2019 and 2020 are
negative with a positive value only for 2021. Given the findings of the
analysis of the resource regime, we argue that we can obtain more ac-
curate estimates by correcting for the concession fee and the deficiency
payment. As can be seen from the last row of Table 2, the adjusted re-
sidual value is positive for all years. By multiplying the residual value for
a certain year by the energy produced per cubic meter of water, we
obtain estimates of the exchange value of water at the various hydro-
power stations in Switzerland. Fig. 2 shows the exchange value estimates
for 2021 at the various hydropower stations. The exchange values per
unit of water are generally higher in the mountains where the head can
be used in (pump-)storage powerplants.

4. Discussion

Our findings reveal that a simple computation of the residual value of
water for hydropower production produces negative values for several
years. Using the extended SEEA estimation framework, allowed us to
identify two policy interventions that directly impact the residual value.
When accounting for them, we obtained an adjusted residual value that
is positive for all years.

A negative exchange value estimate, at first sight, means that the ES
was being used in the economy at a loss in that particular year. From the
rather myopic perspective of SEEA accounting, using an ES at a loss may
seem irrational. However, our investigation of the resource regime,
revealed that there is political will to phase out non-renewable energy
production and to transition to renewables including hydropower. The
deficiency payments can be interpreted as society’s willingness to pay
for the insurance value of domestic hydropower production. Although
deficient at first sight in some years, in the long-term, domestic hydro-
power production helps to hedge against supply and price risks in the
international market. This insurance value became eminent in the wake
of the energy crisis and enormous energy price increases resulting from
the war in Ukraine. In September 2022, the Federal Council passed a
new ‘ordinance on the establishment of a hydropower reserve’. Its
purpose is to provide a safeguard against extraordinary situations in the
electricity supply, such as critical supply shortages or failures. It regu-
lates the annual creation of a hydropower reserve by means of a call for
tenders and the calling of this reserve (Federal Council, 2022). However,
this ordinance was not in place yet in 2021 and thus could not affect our
computation of the adjusted residual values.

Our empirical case study has limitations that may impact the nu-
merical values obtained in the computation. Firstly, we use annual av-
erages on production costs and spot market prices due to a lack of better
data. These averages fail to reflect the diversity of production cost
structures among the hydropower plants and variation in spot market

Table 2

Energy market price and production costs.
CHF/kWh in prices of 2019 2015 2016 2017 2018 2019 2020 2021
Spot market price! 0.0649 0.0602 0.0743  0.0840 0.0641 0.0529  0.1714
Production cost 2 0.0635 0.0686 0.0658 0.0653 0.0650 0.0655 0.0651
Concession fee? 0.0147 0.0148 0.0147  0.0146 0.0145 0.0146  0.0145
Average deficiency payment per kWh produced * 0.0028  0.0018 0.0021 0.0038  0.0007
Simple residual value: Spot market price- Production cost 0.0014 —0.0085 0.0085 0.0188 —0.0009 —0.0126  0.1063
Adjusted residual value: Spot market price - Production cost + deficiency payment + Concession fee ~ 0.0161 0.0063  0.0259  0.0351 0.0157 0.0058  0.1215

Data sources: 1: annual average of power spot market price for Switzerland at European Power Exchange (EPEX SPOT SE) based on Index Swissix Day Base (https://
www.bricklebrit.com) converted from € to CHF using PPP exchange rates. 2: production cost and concession fee for 2015 and 2016 in prices of 2019, from 2017
onward average of 2015 and 2016 in prices of 2019 (SFOE, 2018b). 3: Media releases (SFOE, 2018a; SFOE, 2019; SFOE, 2020; SFOE, 2021; SFOE, 2022a). All values in

prices of 2019 (deflated using the consumer price index).
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Hydropower Stations in Switzerland
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Fig. 2. Adjusted exchange value estimates for water for hydropower production in 2021 in prices of 2019 at hydropower stations in Switzerland. Sources: Swisstopo

(2023); SFOE (2022b); see Table 2 for the data sources of the estimates.

prices which make up for part of the business of (pump-)storage pow-
erplants. Further we estimate the amount of energy produced per cubic
meter of water by dividing each plant’s expected average energy pro-
duction by the turbines’ capacity in terms of cubic meters of water per
year. Given that it is unlikely for turbines to run at full capacity
throughout the year, our computed values likely underestimate the
amount of energy produced per unit of water.

Thus, the numerical values presented in Table 2 should be inter-
preted with care, but anyhow the sign is of greater importance for our
discussion than the exact value.

5. Conclusion

In this paper we have presented a suggestion to extend the estimation
of ES exchange values by an analysis of the institutional resource regime
governing the use of the ES. Accounting for ES is case sensitive, not least
because of differences in institutional arrangements (Maler et al., 2008).
In line with Femia and Capriolo (2022), we argue that institutions
governing ES determine their exchange values. Accounting for policy
interventions that increase or decrease exchange values can be worth-
while, especially in case studies outside SNA contexts, that allow for
more flexibility. There are two reasons for doing so. The first is to obtain
more accurate values of an ES’s contribution to the economy at a certain
point in time. The second is to better understand negative ES estimate
values and the reasons why society may be willing to accept, and
eventually compensate for them. We argue that the insurance value of
using an ES can be one such reason. In either case, including an analysis
of the institutional resource regime provides depth to exchange value

estimates that can increase their relevance for policy makers who may
be less enticed by environmental economic accounting (Vardon et al.,
2016).

Previous literature has stressed that exchange values explicitly
exclude consumer surplus and thus are more conservative than estimates
obtained in willingness-to-pay/willingness-to-accept studies (Obst et al.,
2016). Exchange values are supposed to only reflect the prices at which
ES are or could be transacted (Hein et al., 2020a). However, as seen in
the Swiss case study with its particular market structure context, the
simple exchange value approach produces values that are a glimpse of
an ES’s contribution to the economy in the status quo. Accounting for
policy interventions in the estimation allows to reflect at least a share of
other values that society attributes to the use of the ES. Perhaps our
suggestion to consider the resource regime in the analysis can contribute
to developing estimates that are between the two extremes of stated
preference values on the one side and status quo market values on the
other side. Rather than simply ignoring negative values or setting them
equal to zero, in future research more thought is needed on how to
consider insurance values related to the use of ES.
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