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Non-technical summary

An important objective of the Valpar.CH project is to determine the ecological, eco-
nomic and social value of nature’s contributions to people (NCPs). Over the last
decades, estimating the economic value of NCPs has become an important re-
search field and various different estimation approaches have been developed.

Three basic monetary valuation approaches can be distinguished in the context of
ecosystem accounting:

— exchange values reflect the price at which NCPs are exchanged or would be
exchanged between willing buyers and sellers if a market existed,

— welfare values reflect the willingness to pay for NCPs,

— the value added approach estimates value added generated by economic activ-
ities that directly depend upon NCPs.

In this report, we apply the value added approach to assess the economic relevance
of selected NCPs by estimating the value added and employment in industries that
strongly depend on NCPs for their own economic performance. We include indus-
tries that are directly dependent on NCPs as well as industries that are indirectly
dependent as upstream suppliers and downstream customers of directly dependent
industries. The value added approach can be seen as an alternative approach to
monetary valuation of NCPs. Instead of estimating the economic value of NCPs, the
value added approach quantifies the economic relevance of industries that strongly
depend on the supply of NCPs. It thus displays a different dimension of economic
benefits that are provided by nature and complements the monetary valuation ap-
proaches. The results cover the main material NCPs and selected regulating and
non-material NCPs: pollination, regulation of freshwater quantity and quality, energy,

“food and feed”, “materials and assistance” and “physical and psychological experi-
ences”.

In the following Table 1, the results for directly dependent industries, upstream and
downstream industries are summarised for the year 2019.

Table 1: Gross value added and employment directly and indirectly dependent on NCPs in 2019
Part of the supply chain Gross Employment
value added (in (FTE))
(mill. CHF)
Industries directly dependent on NCPs 13220 155’080
Industries upstream of directly dependent industries 6'627 44678
Industries downstream of directly dependent industries 9'252 55'828
Total 29’100 255’587
Total economy 697°027 4'140°271
Share of total economy 4.2% 6.2%

Source: Own calculations
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In total, gross value added of more than 29 billion CHF is directly or indirectly sup-
ported by NCPs in Switzerland. This equals a share of 4.2 % of total Swiss GDP.
More than 255’000 fulltime equivalents (FTE) are employed in the dependent indus-
tries, equalling a share of 6.2 % of total employment in Switzerland. To put the num-
bers in perspective: the share in gross value added is comparable to that of the
insurance industry (4.5 %). The employment share is somewhat higher than that of
the education sector (5.8 %).

The industries that directly and strongly depend on NCPs account for 1.9 % of total
gross value added and 3.7 % of employment (Table 2). They are thus more labour
intensive than the average of the Swiss economy.

Table 2: Output, gross value added and employment directly supported by NCPs, 2019

Output Gross value added Employment

(mill. CHF) (mill. CHF) (in FTE)

Primary sector

Agriculture 9'916 4’055 89’566
Forestry 957 363 5162
Fishing 51 36 410
Industry sector

Beverage production 2411 901 6’601
Power plants 2’811 1’990 2’814
Water supply 1359 431 2877
Services sector

Transport services 3373 1'445 13'354
Accomodation services 3'900 2'369 13'904
Food and beverage services 2111 985 15'468
Transport equipment rental 137 53 215
Travel agencies, tour operators 144 121 1069
Cultural services 291 120 1'588
Recreation, entertainment services 875 326 1925
Miscellaneous tourism services 36 25 127
Total 28’372 13’220 155’080
Total economy 697°027 4'140°271
Share of directly dependent industries 1.9% 3.7%

Source: Own calculations

Among the industries directly dependent on NCPs, agriculture contributes most to
value added and employment as a beneficiary of many NCPs such as “food and

feed”, “pollination”, “water quantity and quality regulation” or “formation, protection
and decontamination of soils”. Other important industries are beverage production,
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power plants and water supply, directly depending on the NCP “water quantity and
quality regulation” and land transport services as well as accommodation and food
services dependent on the NCP “physical and psychological experiences”.

Industries in upstream supply chains of these directly dependent industries are man-
ifold. Among industries in downstream supply chains, the food processing industry,
the wood processing industry and electricity trade and distribution are noteworthy.

These numbers can be seen as a conservative estimate of the economic relevance
of NCPs, since we only include industries with strong and clear links to NCPs in our
analysis. In effect, many more enterprises in Switzerland have some kind of de-
pendence on NCPs. Food and feed is the basis for the complete food chain that
comprises the food industry, food services in restaurants, canteens and hotels or
trade and transport of food, even though the economic relevance of food materials
decreases, the further we move down the supply chain. Clean water is needed in
many industries, even if not as a primary input and in small quantities. And bio-
based materials such as wood is used in many industries in a processed form (e.g.
furniture, construction wood). Many companies benefit from the protection by nature
from extreme events, even though these events occur rarely and the impact on eco-
nomic performance is rather small. For methodological reasons it is currently difficult
to quantify such weak links to NCPs with the value added approach and hence this
was excluded from the scope of this work.

NCPs partly include mitigation of harmful anthropogenic pollution such as green-
house gases or air emissions. The polluter pays principle, well known in environ-
mental economics, states that polluters should bear the external costs of the pollu-
tion they cause. Thus, in a different perspective on the benefits of NCPs, the latter
can be seen as reducing the external costs of polluting economic activities. We thus
allocated the benefits of the NCPs climate regulation and regulation of air pollution,
that are equal to the avoided costs of greenhouse gas and air emissions to the
polluters and compared the hypothetical benefit to the value added of emitting in-
dustries.

The results show that for the total economy, the ratio of avoided costs to gross value
added is negligible (0.04% — 0.06%). But for emission intensive industries like
transport services, non-metallic mineral products (e.g. glass or cement) or sewerage
and waste management, the (hypothetical) benefit of avoided external costs can be
substantial (up to 2.5% of gross value added).
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1 Introduction

An important objective of the Valpar.CH project is to determine the ecological, eco-
nomic and social value of nature’s contributions to people (NCPs) or ecosystem
services' (ES). Over the last decades, estimating the economic value of NCPs has
become an important research field and various different estimation approaches
have been developed.

Horlings et al. (2020) discuss the objectives and concepts of monetary valuation
and state that “the valuation of ecosystem services is meant to provide an estimate
of the value of the contribution of ecosystems to economic production and consump-
tion”. This includes the valuation of ecosystem assets, of ecosystem services and
of the associated economic benefits. Horlings et al. (2020) distinguish three basic
monetary valuation approaches, that can be used in the context of ecosystem ac-
counting:

— exchange values, that “reflect the price at which ecosystem services and eco-
system assets are exchanged or would be exchanged between willing buyers
and sellers if a market existed”,

— welfare values, that “measure the change in the overall costs and benefits asso-
ciated with ecosystem services and assets”,

— the gross value added (GVA) or the net value (NVA) added? approach, that “cal-
culates (net or gross) value added generated by economic activities that directly
depend upon natural capital”.

The first two approaches aim at estimating the value of NCPs according to different
economic concepts. Exchange values are compatible with the “system of environ-
mental economic accounting” (SEEA) and are the recommended approach in the
SEEA Ecosystem Accounting framework (UN 2021). Welfare values are commonly
used in cost-benefit analysis. An important difference to exchange values is that the
latter also include consumer surplus, whereas the former don’t. The value added
approach differs from the other two in that is does not estimate the economic value
of NCPs but the value added generated by economic activities that directly depend
on the provision of NCPs. According to Horlings et al. (2020), the value added ap-
proach is particularly relevant for provisioning services, of which the output is di-
rectly used by certain economic activities. It can also be used for regulating services
if these directly support a production activity (e.g. water filtration in the water ser-
vices industry).

The value added approach can be used to highlight the economic dependence on
ecosystem services, as mentioned in the white cover publication on Ecosystem Ac-
counting (UN 2021, p. 326). Dependence indicators can include direct impacts, i.e.
the value added of economic activities that directly depend on ecosystem services
(e.g. value added of crops depending on pollination). They can also include indirect

1 The terms “ecosystem services” and “nature’s contributions to people” (NCP) have similar but not
identical meanings. In the following, we mainly use the term NCP, but also use the term “ecosystem
service” when citing literature that uses this term. See Diaz et al. (2018) for a discussion of concep-
tual similarities and differences between the two terms.

2 Net value added is equal to gross value added minus capital depreciation
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impacts along supply chains of directly dependent activities (e.g. suppliers to crop
production or activities processing pollinated crops).

The dependence of businesses on nature has received increasing interest over the
last years. The UK National Ecosystem Assessment Follow-on (Anger et al. 2014)
suggested doing a mapping exercise and to draw linkages between ecosystem ser-
vices and industries. In a global assessment by the World Economic Forum in co-
operation with PwC, the level of dependence on natural capital was analysed for
163 sectors (WEF, PwC 2020). The assessment identifies sectors with high, me-
dium and low dependence and also distinguishes between direct and supply chain
impacts. The project aims at raising awareness for the risks arising from degradation
of natural capital for businesses. The assessment builds on a database developed
in the ENCORE project®. The latter was financed by the ENCORE partnership (for-
merly the Natural Capital Finance Alliance), a cooperation of the Global Canopy, the
UNEP Finance Initiative and the UNEP World Conservation Monitoring Centre. One
aim of the ENCORE tool is to allow financial institutions to identify their exposure to
nature-related risks through their lending, underwriting and investment activities*.

Within the Valpar.CH project, Bokusheva et al. (2024) estimate the monetary value
of NCPs according to the exchange value approach. In this report we explore the
value added approach to present another dimension of economic benefits of NCPs.

Research questions

The aim of the work described in this report was to apply the value added approach
to selected NCPs in Switzerland and to answer the following research questions:

— How are NCPs linked to the generation of value added in Switzerland?

— How much value added in Switzerland depends on the provision of selected
NCPs, both in industries that directly benefit from these NCPs and in industries
located upstream (suppliers) or downstream (buyers) in the supply chains of
these industries?

— How is the corresponding value added distributed across industries in the econ-
omy? How much employment depends on selected NCPs and in which indus-
tries?

Thus, this work further develops the value added approach as applied in Horlings
et al. (2020), First, we assess, if and to what extent it can be applied to other than
material NCPs. Second, we also assess how to include indirect value added and
employment effects, that occur upstream or downstream of the supply chain.

2 Methodological approach

In this chapter we analyse the links between NCPs and the generation of value
added and describe the methodological approach used for quantifying the value
added and employment in industries of the Swiss Economy where production and/or
services depend strongly on the supply of NCPs.

3 https://encorenature.org
4 https://encorenature.org/en/about/about-encore
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2.1 Links between NCPs and value added

The value added approach attempts to quantify value added of industries that de-
pend strongly on NCPs in the sense that NCPs allow them to generate value added.
The value added approach as mentioned by Horlings et al. (2020) focuses on ma-
terial NCP, but can be extended to other NCP as will be shown in this report. It can
be seen as an activity based approach that determines the economic activities that
are supported by NCPs. The benefit is determined as the economic value added
and the employment that the respective activities generate.

Apart from supporting or enabling the generation of value added, NCP can affect
economic activities in two other ways:

— NCPs can prevent the disruption of economic activities, thereby preventing the
loss of value added and productive labour time. This especially holds for regu-
lating NCPs such as regulation of hazards and extreme events that avoids busi-
ness interruptions.

— NCPs partly moderate the adverse impacts of environmental pressures caused
by economic activities (e.g. through air or freshwater filtration). From a social
welfare perspective, it would be socially efficient if the causers of negative envi-
ronmental externalities bear the external costs they cause (the well-known pol-
luter pays principle, see e.g. OECD 1975). By reducing/absorbing the external
costs caused by the respective economic activities, NCPs prevent social welfare
losses and generate a hypothetical benefit to polluters. If polluters were to inter-
nalize their environmental externalities in the absence of the NCPs, this would
increase their costs and reduce their profitability. The hypothetical benefit the
respective economic activities receive can be in this context compared to the
value added they generate.

In the following part of the chapter, we elaborate for each NCP that is considered in
the Valpar.CH project, if and how the different links between NCPs and value added
can be determined. We focus on the

— support of economic activities’ value added by NCPs,
— prevention of loss of value added by NCPs and
— allocation of costs to the polluters.

The following table gives an overview of which approach is applicable to which NCP.

The table shows that the value added approach is mainly applicable to material
NCPs, but can be extended to selected regulating NCPs and non-material NCPs
that provide a basis for economic activities. The approach analysing the prevention
of value added loss can mainly be applied to regulating NCPs. Here we can distin-
guish between two kinds of value added loss that is avoided. On the one hand, the
NCPs prevent the decrease of production factors on the supply side and thus the
decrease of economic activities (e.g. regulation of air quality, climate regulation and
regulation of hazards and extreme events). On the other hand, the NCPs prevent
additional costs to producing units and thus loss of their value added (e.g. regulation
of freshwater quality or regulation of organisms detrimental to humans). Yet, this
doesn’t necessarily result in overall loss of value added, but may only shift value
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added to other economic actors that benefit from additional costs by providing the
necessary goods and services.

Finally, the allocation approach is only applicable to NCPs that abate the harmful
impacts of anthropogenic pollution.
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Table 3:

NCPs and their links to value added

NCP

Specification (Diaz et al. 2018) and fo-
cus of Valpar.CH

Support of economic activities
(value added approach)

Prevention of loss of direct value
added

Allocation of costs to polluters

Regulating NCPs

Habitat creation
and maintenance

Formation and continued production, by
ecosystems or organisms within them, of
ecological conditions necessary or favor-
able for living beings of direct or indirect
importance to humans

NCP is an intermediate service for other
NCP and doesn'’t directly benefit pro-
ducing units (enterprises, administra-
tions and non profit organisations)

Pollination and dis-
persal of seeds

Facilitation by animals of movement of
pollen among flowers, and dispersal of
seeds, larvae or spores of organisms
beneficial or harmful to humans

Enables value added of crops strongly
dependent on pollination

Prevents value added loss from produc-
tion loss due to absence of pollinators

Regulation of air
quality

Regulation (by impediment or facilitation)
by ecosystems of harmful air emissions;
Filtration, fixation, degradation or storage
of pollutants that directly affect human
health or infrastructure

Focus of Valpar.CH: filtration and fixation
of PM emissions

NCP mainly benefits the health of the
general population. Indirectly all produc-
ing units benefit from better health
through higher and longer productivity,
but it is not possible to identify specific
strongly dependent industries.

Prevents productivity loss from lost
healthy life years due to air pollutants

Allocation to emitters of air pollu-
tants

Regulation of cli-
mate

Climate regulation by ecosystems (in-
cluding regulation of global warming)

Focus of Valpar.CH: carbon sequestra-
tion and storage

NCP benefits the whole society (popula-
tion and producing units) through re-
duced climate risks and it is difficult to
identify specific strongly dependent in-
dustries.

Prevents loss of value added from vari-
ous adverse climate impacts (e.g. addi-
tional production downtime and supply
chain disturbance, productivity loss).
The estimation of the costs of climate
change and the impact on economic ac-
tivities is highly complex and subject of
ongoing research (e.g. with the re-
search program NCCS Climate Im-
pacts®)

Allocation to emitters of green-
house gases

5 https://www.nccs.admin.ch/nccs/de/home/klimawandel-und-auswirkungen/nccs-impacts.html
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NCP

Specification (Diaz et al. 2018) and fo-
cus of Valpar.CH

Support of economic activities
(value added approach)

Prevention of loss of direct value
added

Allocation of costs to polluters

Regulation of
freshwater quan-
tity, location and
timing

Regulation, by ecosystems, of the quan-
tity, location and timing of the flow of sur-
face and groundwater used; Regulation
of flow to water-dependent natural habi-
tats; Modification of groundwater levels

Focus of Valpar.CH: Water yield

Enables value added from various uses
(e.g. irrigation, power production in hy-
dro and nuclear power plants, water
supply and beverage production)

Regulation of
freshwater quality

Regulation — through filtration of parti-
cles, pathogens, excess nutrients, and
other chemicals — by ecosystems or par-
ticular organisms, of the quality of water
used directly or indirectly

Focus of Valpar.CH: filtration of N and P
emissions

Enables value added from various uses
(e.g. irrigation, water supply and bever-
age production)

Reduces water purification costs for wa-
ter supply and thus prevents direct
value added reduction of water suppli-
ers

Allocation to emitters of water pol-
lutants

Formation, protec-
tion and decon-
tamination of soils

Formation and long-term maintenance of
soil structure and processes by plants
and soil organisms

Focus of Valpar.CH: sediment retention
by ecosystems

Enables value added in agriculture and
forestry

Prevents loss of value added in hydro
power production due to higher costs of
sediment removal

Regulation of haz-
ards and extreme
events

Amelioration, by ecosystems, of the im-
pacts on humans or their infrastructure
caused by extreme events; Reduction or
increase, by ecosystems or particular or-
ganisms, of hazards like landslides, ava-
lanches

Focus of Valpar.CH: protective forests and
floodplains

Reduces risk of additional production
downtime due to more frequent hazards
and extreme events in zones protected
by nature

Dependence of different types of pro-
ductive infrastructure is linked more to
the location than to the industry. In prin-
cipal, the industries located in areas
strongly vulnerable to risks from haz-
ards and extreme events could be iden-
tified by spatial analysis and value
added could be estimated.
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NCP

Specification (Diaz et al. 2018) and fo-
cus of Valpar.CH

Support of economic activities
(value added approach)

Prevention of loss of direct value
added

Allocation of costs to polluters

Regulation of or-
ganisms detri-
mental to humans

Regulation, by organisms, of pests, path-
ogens, predators or competitors that af-
fect humans or plants or animals of im-
portance for humans

Focus of Valpar.CH: predators to main
agricultural pests

Additional costs for rodent control in the
absence of natural predators would re-
duce direct value added

Material NCPs

Energy

Production of biomass-based fuels

Enables value added from producing
wood energy; hydro energy

Food and feed

Production of food from wild , managed,
or domesticated organisms; Production
of feed (forage and fodder) for domesti-
cated animals or for aquaculture

Enables value added from producing
food and feed

Materials and as-
sistance

Production of materials derived from or-
ganisms in cultivated or wild ecosystems;
Live organisms being directly used for
decoration, company, transport and labor

Enables value added from producing
materials

Medicinal, bio-
chemical and ge-
netic resources

Production of materials derived from or-
ganisms used for medicinal, veterinary
and pharmacological purposes. Produc-
tion of genes and genetic information
used for plant and animal breeding and
biotechnology

Supports value added from manufactur-
ing products using the respective re-
sources

Non-material
NCPs

Learning and inspi-
ration

Provision, by landscapes, seascapes,
habitats or organisms, of opportunities
for the development of the capabilities
that allow humans to prosper through

Beneficiaries of NCP can be the general
population, but nature can also be a
source of inspiration for technical inno-
vations (various examples in bionics,
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NCP

Specification (Diaz et al. 2018) and fo-
cus of Valpar.CH

Support of economic activities
(value added approach)

Prevention of loss of direct value
added

Allocation of costs to polluters

education, acquisition of knowledge and
development of skills for well-being, infor-
mation, and inspiration for art and tech-
nological design

e.g. aeroplanes, Velcro, lotus effect®),
and the visual arts

Physical and psy-
chological experi-
ences

Provision, by landscapes, seascapes,
habitats or organisms, of opportunities
for physically and psychologically benefi-
cial activities, healing, relaxation, recrea-
tion, leisure, tourism and aesthetic enjoy-
ment based on the close contact with na-
ture

Supports value added from nature-
based tourism

Supporting identi-
ties

Landscapes, seascapes, habitats or or-
ganisms being the basis for religious,
spiritual, and social-cohesion experi-
ences

Beneficiaries of NCP are the general
population; no direct link to economic
activities

8 https://en.wikipedia.org/wiki/Bionics
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In this report we focus on the value added approach that provides a perspective on
the value of NCPs that is additional to the exchange value approach utilised in Val-
par.CH as the main approach for estimating the economic value of NCPs
(Bokusheva et al. 2024). The second approach builds on the results of the exchange
value approach and tries to determine the impacts on the value added generated
by economic activities benefitting from the NCPs. In some cases (climate regulation
and regulation of hazards and extreme events) dedicated research is needed for
this impact evaluation due to the complexity of the issue. In the cases of the other
NCPs the benefit of this approach compared to the exchange value approach is
marginal. We therefore do not follow this approach in the present study. With regard
to the third approach, the allocation approach, we demonstrate the feasibility for the
NCPs climate regulation and regulation of air quality.

2.2 Value added approach
2.2.1 Types of dependences

We distinguish the following types of dependencies between industries and NCPs:

— Direct dependence: industries that directly use NCPs as their inputs to produce
their output or otherwise benefit directly and strongly from NCPs.

— Indirect dependence of upstream industries: Industries in the supply chain of
directly dependent industries, i.e. suppliers of intermediate inputs or of capital
goods.

— Indirect dependence of downstream industries: Industries that use the prod-
ucts of directly dependent industries as inputs and rely strongly on them. For
example, while the food-processing sector has limited direct dependences on
NCPs, it relies heavily on agricultural inputs, which typically have strong direct
NCP dependences.

Regarding downstream industries, we need to specify to which extent these should
be included in the analysis. The further we follow the supply chain of an industry
downstream, the less important NCPs are for the respective industries. We thus limit
the analysis of downstream industries to only those with a strong link to the NCPs
under consideration. The extent of included industries will be clarified for the specific
NCPs.

We do not include so called induced effects, i.e. value added and employment in
industries that benefit from consumption expenditures by persons employed in di-
rectly or indirectly dependent industries.

Swiss industries indirectly also depend on foreign NCPs through imports of goods
or services. These dependencies are beyond the scope of the present work.

2.2.2 ldentification of direct dependences by NCP

In this chapter, we identify the directly dependent industries for each of the NCPs
for which the value added approach will be applied,. Furthermore, we describe
methods and data sources used to quantify value added and employment that can
be linked to the respective NCPs.
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Bokusheva et al. (2024) can be used as a starting point for identifying industries
dependent on NCPs. For each NCP they state the economic benefits of the NCP
and the beneficiaries. For example, for the NCP “pollination and dispersal of seeds”,
local agricultural producers (especially those of crops highly dependent on pollina-
tion) have been identified as beneficiaries.

Additionally, we draw on the ENCORE database mentioned above (Natural Capital
Finance Alliance and UNEP 2022a). The methodology used to link economic sec-
tors to the ecosystem services is publicly available. The dependences of the respec-
tive industries are ranked in VL (very low), L (low), M (medium), H (high), VH (very
high). ENCORE however does not show whether dependences are direct or indi-
rect, and upstream or downstream. We focus on industries that are qualified as
highly (“H”) or very highly (“VH”) dependent on NCPs.

Pollination and dispersal of seeds

Several arable crops benefit from pollination by wild pollinators, such as bumble-
bees, hoverflies, solitary bees and moths. In Bokusheva et al. (2024), crops are
classified according to their dependence on pollination (from low to essential). We
include crops with a large or essential dependence on pollination into our analysis

(Table 4).

Table 4: Crops with a large or essential dependence on wild pollination

Dependence class Crops

Essential courgette, pumpkin, kiwi

Large raspberries, blackberries, strawberries, plums, other berries, annual fruit

cultivation, perennial fruit cultivation (e.g. pear, apple, cherry, apricots),
cucumbers, quinces, summer rapeseed, and winter rapeseed

Source: Bokusheva et al. (2024) adapted from Klein et al. (2007)

Calculation approach

The output value of these crops can be directly taken from the Swiss agricultural
economic accounts published by the Federal Statistical Office (FSO 2023e). Gross
value added is only available for agriculture as a whole. In Nathani et al. (2016),
gross value added of agriculture was broken down to 17 agricultural subsectors and
we use updated value added shares (gross value added divided by output) for the
subsectors to which the above-mentioned crops belong. The estimation of employ-
ment is based on subsector-specific labour productivities, taken from Nathani et al.
(2016) and updated according to the productivity development in total agriculture
with data from the Swiss agricultural accounts.

Regulation of freshwater quantity, location and timing and regulation
of freshwater and coastal water quality

In this chapter we jointly analyse freshwater quantity and quality since most indus-
tries depend on both simultaneously.

Bokusheva et al. (2024) note industries, households, agriculture and the public as
beneficiaries of water quantity regulation and utilities and water consumers as
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beneficiaries of water quality regulation. Thus, the scope of beneficiaries is wide and
it is necessary to analyse, if certain industries are particularly dependent on water
quantity and water quality regulation.

The following table contains a list of industries that are highly or very highly depend-
ent on the supply of these NCPs according to the ENCORE database’. The data-
base does not distinguish between directly and indirectly dependent industries. In
the following table, we only include the industries that we consider to be directly
dependent.

Table 5: ENCORE longlist of sectors with very high or high dependence on water quantity and water
quality regulation

Sector Subsector

Agriculture Livestock

Agriculture Crops

Fishery Freshwater fishing

Industry Production of forest and wood-based products

Construction materials production

Manufacture of machinery, parts and equipment

Processed food and drink production

Production of paper

Synthetic fibre production

Energy Electricity generation: hydro power plants

Energy generation: geothermal

Transport Shipping of goods

Services Hotel and resorts provision

Source: https://encorenature.org

Additional industries, that are in our assessment dependent on water quantity and
water quality regulation, but missing on the ENCORE list, are water supply, bever-
age production, nuclear power plants and ski regions with artificial snow production.
For the water supply and the beverage industry, water in good quality is an essential
input that also reduces treatment costs. Nuclear power plants need river water for
cooling purposes. If river water temperature exceeds a certain threshold, nuclear
power plants may have to reduce electricity generation. With the changing climate,
ski regions become more dependent on artificial snow production from water in or-
der to open the slopes. The ENCORE list includes shipping of goods but should be
complemented with river cargo handling companies like ports and other service pro-
viders.

7 In ENCORE the NCP is named “ground water, surface water, water flow maintenance, water quality”,
which can be considered to be identical to the NCPs 6 and 7.
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In our assessment we include industries that

— that are relevant in Switzerland,

— use water from natural sources (wells etc.) as opposed to water from the water
supply network, that is managed by the water supply industry;

— for which water is an essential input.

These are agriculture, fishery, beverage production, hydro power plants, nuclear
power plants, water supply, river transport of goods, cargo handling services and
ski regions. Electricity production in hydro power plants are covered under the NCP
“energy” (see following chapter).

Calculation approach

The following Table 6 indicates how the output value of these economic activities
was calculated. Value added and employment were then estimated with appropriate
industry specific ratios for value added shares and labour productivities.

Table 6: Calculation of output for industries with strong dependency on water quantity and qual-
ity regulation
Industry Calculation of dependent gross out- Comment
put
Agriculture Output of animal husbandry, milk and Source: agricultural accounts (FSO 2023e)
egg production
Output of (regularly) irrigated crops Source: agricultural accounts (FSO 2023e),
share of irrigated areas from results of the agri-
cultural business census (FSO 2023f)
Fishery Total output Source: FSO (2023c): accounts of the primary
sector
Beverages Output of production facilities with own  Total output of the beverage industry, since data
wells on facilities with own wells is not available.
Source: Structural Business Statistics (Eurostat
2023)
Water supply Total output Source: output of private companies from produc-

tion accounts (FSO 2023g); output of government
organisations estimated from government finan-
cial statistics (FFA 2023)

River transport of goods,
cargo handling services

Total output, estimated with the em-
ployment share of domestic water
transport of goods

Source: Structural Business Statistics (Eurostat
2023)

Ski regions incl. depend-
ent cable car and ski lift
operators

Turnover of ski-regions and share of
ski track surface with technical snow-
making

Source: Seilbahnen Schweiz (2019)

Nuclear power plants

Output estimated from selected com-
pany annual reports

Source: annual reports of Kernkraftwerk
Leibstadt AG (KKL 2020) and of Kernkraftwerk
Gosgen-Daniken AG (KKG 2020)

Energy

Under this NCP, we follow Bokusheva et al. (2024) in focusing on energy wood and
hydro power. The ENCORE database has no information on wood energy. In Swit-
zerland, wood-based energy is mainly used in the form of fuelwood, wood chips and
wood pellets. The main direct beneficiary of this NCP is the forestry sector that
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harvests wood for energy and for material purposes. The main direct beneficiaries
for hydro energy are the hydro power plants.

Calculation approach

To estimate the economic performance indicators of the forestry sector with regard
to energy wood, the following steps are taken. To estimate the values for hydro
power plants, we follow the approach used in Nathani et al. (2022).

Table 7: Steps and data sources for calculating the economic performance indicators for energy
wood
Calculation step Data sources

Wood energy

Quantity of wood harvested for energy wood, SFOE (2021)
wood chips and pellets

Output value of this wood FSO (2023d)

Value added and employment with ratios of value FSO (2023d), FSO (2023b)
added share and labour productivity in forestry

Hydro power plants

Calculations based on energy statistics and stud- Nathani et al. (2022)
ies following the calculation approach in Nathani
et al. (2022)

Food and feed

Bokusheva et al. (2024) restrict the definition to Nature’s contributions to producing
food and feed in agricultural systems exclusively, meaning to contributions of eco-
system processes supplied by agricultural land, specifically cropland and grassland,
to food and feed production; without food produced from livestock production.

Agricultural crop production directly relies on this NCP. Generally, all food and feed
crops need to be included.

Calculation approach

The NCP “Food and Feed” is covered by agricultural crops. Food from animals is
regarded as a secondary economic activity that relies on feed production from na-
ture. Output values of the crops can be taken from the agricultural economic ac-
counts (FSO 2023e). Value added and employment are not published for vegetable
crops, but were estimated by using ratios from Nathani et al. (2016) and updating
them with data from the Swiss agricultural economic accounts.

Materials and assistance

Bokusheva et al. (2024) focus on wood produced for construction, wood being the
most relevant production material derived from cultivated ecosystems in Switzer-
land.

Abiotic materials such as stones, other mined minerals or gypsum do not belong to
the NCPs and are therefore not considered in the Valpar.CH project. In its list of
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ecosystem services ENCORE? had, in addition to the biotic materials of organic ma-
terials, waste, compost and wood, also listed the cement industry because it needs
mined materials.

In our assessment we include the wood harvest in forests for construction and other
industrial activities. Wood production for energy is handled under the NCP “energy”.

Calculation approach

The NCP “materials and assistance” is covered by wood harvesting for material
purposes (e.g. for buildings, furniture or packaging, without energy). The value-
added and employment created in forestry based on the wood produced for con-
struction, furniture and other products was calculated with data from the forestry
economic accounts (FSO 2023d).

Physical and psychological experiences

Several industries that belong to the cross-cutting tourism sector strongly benefit
from touristic, leisure and recreational activities in nature. The economic perfor-
mance of the tourism sector is captured by the official Swiss tourism satellite ac-
counts®. The challenge is to identify the share of touristic activities that can be at-
tributed to natural ecosystems. There are three main surveys, that can be used to
analyse tourist motives:

— The tourism monitor Switzerland conducted by Switzerland Tourism (2018) every
four years, that addresses tourists with overnight stays in Switzerland. The sam-
ple includes over 21’000 respondents. Survey questions include detailed infor-
mation on (main) travel motives.

— The annual survey on travel behaviour of Swiss inhabitants by the Federal Sta-
tistical Office, that is conducted as a special module of the household budget
survey and that includes information on the travel motives of day trips and of
trips with overnight stays (FSO 2020). The sample includes 3’200 respondents.

— The Swiss National Microcensus on mobility and transport by the Federal Statis-
tical Office and the Federal Office for Spatial Development, that captures data
on the daily travel behaviour of the Swiss population including travel purposes
(FSO/FOSD 2023). The survey is carried out every five years and addresses
approximately 57’000 respondents.

Surveys on the travel motives of foreign day-trip tourists are not available.

In order to determine the economic performance of the tourist sector that is attribut-
able to ecosystems, we distinguish between domestic and foreign tourists on the
one hand and daytrips and trips with overnight stays on the other hand. The Swiss
tourism satellite account contains data on tourist expenditures, tourist output, gross
value added and employment for the resulting four categories. From the surveys
mentioned above, we can derive travel motives that can be attributed to ecosystems
with the exception of day trips by foreign tourists.

8 The ENCORE category “fibers and other materials” has been used to depict the NCP 13 “materials
and assistance”

9 https://www.bfs.admin.ch/bfs/de/home/statistiken/tourismus/monetaere-aspekte/satellitenkonto.html
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In the following we derive the travel motives of tourists with overnight stays that are
attributable to ecosystems from the tourism monitor Switzerland. One survey ques-
tion asks for the main travel reason. The answer options combine elements im-
portant for choosing the respective travel destination with sporting and non-sporting
activities pursued during the stay in Switzerland. We allocate the following travel
reasons to ecosystems (Table 8). As a result, almost 40% of the stated main travel
reasons of tourists with overnight stays have a strong link to nature / ecosystems.
This may be seen as a lower boundary, since experiencing nature is probably also
an important travel motive for tourists who state other main travel reasons.

Table 8: Main travel reasons attributable to nature / ecosystems

Main stated travel reason Share of overall responses
Alpine skiing 6.0%
Mountains 6.0%
Nature 5.7%
Hiking 3.6%
Special nature attractions 3.6%
Glaciers / snow 3.1%
Panorama 2.6%
Snow reliability 1.3%
Lakes / rivers 1.2%
Excursions by mountain transportation / cable car 1.1%
High mountain experience 1.0%
Snowboarding 0.7%
Mountain pass roads 0.6%
Cross-country skiing 0.5%
Panorama trains 0.5%
Mountain biking 0.5%
Mountaineering / alpine mountain tours 0.4%
Long-distance hiking 0.3%
Ski school 0.3%
Nature / national parks 0.2%
Off-piste skiing 0.2%
Wildlife watching 0.1%
Snowshoeing 0.1%
Trailrunning 0.1%
Total 39.7%

Source: Switzerland Tourism 2018
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For day tourists the survey on travel behaviour reports four main travel reasons, of
which the answer “vacation / recreation” is relevant for this study. This answer leads
to an additional, more detailed question, that has the following answer categories,
that can be partly attributed to ecosystems. Data for these detailed answers are not
publicly available but were obtained from the Federal Statistical Office (FSO 2023a).
According to this data, 25.8% of day trips undertaken in 2019, have travel reasons
that can be linked to ecosystems (according to our attribution'® in Table 9). This
share is also applied for day trips undertaken by foreign visitors.

Table 9: Attribution of answers regarding travel reasons to ecosystems
Answer option Attributable
to ecosystems

Non-sportive outdoor activities (walk, enjoy nature) Yes

Hike Yes
Bicycling Yes

Skiing, Cross-country skiing Yes
Recreation No

Culture, sightseeing, city trip No

Beach, swimming Yes

Round trip by car, motor bike or train Yes

Passive sport (match visit etc.) No
Gastronomic visit (culinary visit, vine degustation etc.) No

Other travel purposes No

Source: FSO 2023a, own attribution of answer options to the motive ecosystems

The above-mentioned Swiss National Mobility and Transport Microcensus is an-
other survey of the daily travel behaviour of the Swiss population carried out ap-
proximately every five years. It also contains information on the travel reasons, but
the surveyed items are not detailed enough to identify nature-related trips.

Calculation approach

In order to assess the contribution of the NCP “physical and psychological experi-
ences” to value added and employment, we work with data from the official Swiss
tourism satellite accounts. Our calculation includes the following steps:

— Calculation of tourist expenditures by resident and foreign visitors for products
characteristic for tourism (e.g. hotels and restaurants, transport services and cul-
tural or entertainment services). Here we distinguish between tourists with over-
night stays and same-day visitors.

— Nature related expenditures of tourists are calculated by multiplying the above
mentioned expenditures with the nature-related share from Table 8. Nature re-
lated expenditures of same-day visitors are calculated by multiplying the above
mentioned expenditures with the nature-related share from the survey on travel

10 Such an attribution is ambiguous, since the answer options partly don’t contain information on the location of activi-
ties. E.g. a part of the trips for recreational purposes could also be attributable to ecosystems.
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behaviour (Table 9). We make an exception for cableways, funiculars, ski-tows,
for which we assume a nature-related share of 100%.

— Based on expenditures, we calculate output, value added and employment with
activity-specific ratios from the tourism satellite accounts (i.e. ratios of output to
expenditure, of value added to output and of employment to value added).

Other NCPs

Several NCPs (“formation, protection and decontamination of soils”, “regulation of
organisms detrimental to humans” and “medicinal, biochemical and genetic re-
sources” are linked to agriculture, that is already completely covered in our assess-
ment. We therefore don’t additionally analyse the specific economic relevance of
these NCPs.

2.2.3 Indirect impacts: upstream industries

The economic activities resp. industries that depend directly on NCPs need inter-
mediate inputs from other industries to manufacture their products and supply them
to their customers. The suppliers also need inputs from other industries so that ef-
fectively the industries form supply chains, that as such also depend on the provi-
sion of NCPs. In order to estimate value added and employment in these supply
chains, we use input-output analysis.

Input-output tables (I0T) record the flows of goods and services between industries
and from industries to final demand (e.g. household consumption, government con-
sumption, investment or exports) in monetary terms. It can be extended with indus-
try specific employment data. This database allows to model supply chains and to
calculate indirect value added and employment effects of any given industry.

In this project we use the energy and transport related IOT 2014 (Nathani et al.
2019") to estimate the indirect effects. An advantage of this |OT is that it contains
more detailed data than the official IOT in the energy and the transport sector. This
allows to better model the supply chains of the industries identified as dependent
on NCPs in the previous chapter.

We apply the widely used static open Leontief model (e.g. Miller / Blair 2009) to
estimate the indirect NCP related impacts. In this model, final demand is multiplied
by the so-called Leontief inverse (multiplier matrix) to calculate gross output. In our
calculation the starting point are the intermediate inputs of the industries identified
as dependent on NCPs. These are distributed to the supplying industries. The re-
sulting matrix takes the place of the usual final demand matrix in the calculation.

Furthermore, the Leontief inverse needs to be adjusted to avoid double-counting.
This matrix is usually determined by calculating an input coefficient matrix, subtract-
ing it from the unity matrix and inverting the result. In the input coefficient matrix, we
reduce the inputs from selected industries according to the share with which these
industries are included as directly dependent industries. The Leontief matrix is then
calculated based on the adjusted input coefficient matrix.

" For further information: https://www.aramis.admin.ch/Texte/?ProjectlD=43188
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In matrix notation the calculation procedure is as follows: With
n  as the number of industries in the input-output table

Z as (nx n) transaction matrix containing the adjusted transactions z; be-
tween industries i and j

x  as(nx 1) vector of (non-adjusted) industry output
A as adjusted input coefficient matrix A = Zz21
I as (nxn) identity matrix
as (n x n) Leontief matrix of (adjusted) output multipliers L = (I — A)~!

D as (n x d) matrix of intermediate inputs of d directly NCP-dependent in-
dustries

The (n x d) matrix of NCP-dependent output (by industry and NCP-dependent in-
dustry) is then calculated as

X, =LD

After calculating output effects, gross value added and employment are generated
by multiplying output with industry-specific ratios on value added shares and by
multiplying the resulting value added with industry-specific labour productivity val-
ues.

2.2.4 Indirect impacts: downstream industries

With regard to downstream industries, we start with the industries that directly de-
pend on NCPs and aim at identifying downstream economic activities that also de-
pend strongly on NCPs.

Agricultural products, for example, are part of the food value chain, that includes

— processing in other parts of agriculture,
— the food processing and the beverage industries,
— hotels and restaurants as well as canteens in various industries and finally

— wholesale and retail trade, that supply agricultural and food products to house-
holds.

Additionally, food products are also exported and consumed in foreign countries.

The further downstream an industry is, the less dependent it is on the domestic
supply of agricultural products and the less plausible it is to link value added and
employment of that industry to the NCP. In addition, one can argue that downstream
industries can and would switch to foreign products if the national products weren’t
available anymore. Furthermore, the agricultural industry is a special case since its
products are highly protected by various policy measures such as border protection
and subsidies. These protection measures also support certain food processing
companies in Switzerland, that do the first processing of agricultural products. Often
these processing companies have significantly smaller production capacities than
their competitors in other European countries, since they only produce for the
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relatively small and protected Swiss market. One can argue that certain food pro-
cessing industries would not produce in Switzerland without the existence of Swiss
agricultural inputs. These companies are therefore also highly dependent on the
respective NCPs.

For each directly dependent industry, we therefore aim to identify downstream in-
dustries with a strong dependence on the respective NCPs. Again, we avoid double-
counting with the industries identified as directly dependent.

Downstream industries partly source imported inputs for their production and thus
rely on NCPs in other countries. We therefore only consider the share of output that
is based on domestic NCPs by multiplying output with the domestic share of NCP-
based inputs processed in the respective industries. E.g. the Swiss wood industry
also processes imported wood apart from domestic wood. The import share of wood
inputs is between 5% and 50% depending on the subsector of wood industry (FOEN
2020). We therefore multiply output of each subsector with the respective import
share to derive NCP based output and subsequently value added and employment.

Agriculture / food processing

The maijor part of agricultural products is processed in the food processing industry,
the minor part is directly supplied to households, hotels and restaurants (and other
food service suppliers such as canteen operators) and other industries.

Especially the first processing steps of agricultural products (sugar production, oil
production, grain mills, potato processing, vegetable and fruit processing, milk pro-
cessing and meat processing) are strongly tied to the national resource base and it
is questionable to what extent a production in Switzerland would be viable without
the national resource base. Within milk processing, cheese production is an excep-
tion in the sense that this subsector is successful in exporting its products. To a
certain extent the international competitiveness is based on the Swissness of
cheese and therefore we can argue that the Swiss resource base is also important
for cheese production. The food processing industry also includes subsectors that
are more competitive and less reliant on a domestic resource base such as pro-
cessing of coffee, chocolate and confectionary or manufacturing of convenience
food. These are therefore not included in our analysis.

We include the economic performance of the first processing activities mentioned
above in our analysis. Data for output and value added are available at the NOGA-
3-digit level in Eurostat’s structural business survey for Switzerland (Eurostat 2023)
and for employment in the STATENT (FSO 2023b). Data for Swiss sugar manufac-
turing are available from the annual report of the major Swiss sugar manufacturing
company, Schweizer Zucker AG (2019).

According to Bokusheva et al. (2024), some Swiss food and pharmaceutical com-
panies (e.g. Ricola) use medicinal plants. The turnover that these companies gen-
erate with Swiss medicinal plants is not publicly available, so that these companies
cannot be considered in our analysis.
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Forestry / wood processing

As the main supplier of wood, forestry is dependent on NCPs “energy” and “materi-
als and assistance”. The wood processing industry is an important downstream in-
dustry that processes wood for material purposes but also turns manufacturing res-
idues into wood chips and wood pellets that are then used as fuels in various indus-
tries and in households. It is included in our analysis with corrections for imported
wood.

Data for output and value added stem from the Swiss production accounts (FSO
2023g) and for employment from STATENT (FSO 2023b). Import shares of wood
were taken from FOEN (2020).

Other industries
In the following, we analyse downstream industries of other industries:

— National fish production is almost irrelevant for Swiss fish processing compa-
nies, that mainly rely on imports.

— Beverage production: apart from households, beverages are traded in retail
trade and mainly sold in hotels and restaurants. Yet, these are not dependent on
Swiss beverages, since these can easily be replaced by imported beverages.

— Electricity from hydro and nuclear power plants is fed into the national elec-
tricity grid or is exported. With regard to domestic consumption, electricity is sold
to consumers via regional and local electricity suppliers. Since security of supply
is an important goal of Swiss energy policy, domestically generated electricity is
vital for this industry. We therefore use the share of domestically produced elec-
tricity from hydro and nuclear energy in total consumed electricity to allocate
value added and employment in electricity distribution to domestic NCPs. Value
added and employment of electricity distribution and trade is estimated by multi-
plying the value for the total energy supply industry (from the Swiss production
accounts) with the share of electricity distribution and trade in total output of the
energy sector, that is taken from the energy input-output table 2014 (Nathani et
al. 2019). The share of hydro and nuclear power in domestic electricity genera-
tion stems from the Swiss energy statistics (SFOE 2020).

— Industries that use significant amounts of water from the water supply com-
panies could have been considered too. But since water use is widespread in
the economy, a focus on especially water intensive industries is needed. Since
reliable statistics on water consumption by industries are missing in Switzerland,
we do not include further industries.

— River transport of goods: Companies using the transported goods profit from
the large capacities and low costs of river transport. Since the goods could also
be transported by rail or by road and thus the reliance on waterways is not es-
sential, we do not include the customers of river transport.

— In ski regions, other tourist-related companies such as hotels and restaurants
rely on the presence of ski tourists. Therefore, their economic activities are
counted as being indirectly dependent. Since tourism-related companies are al-
ready considered for the direct impact of the NCP “recreation”, we do not include
them for the indirect downstream effect to avoid double counting.
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2.3 Allocation approach

The allocation approach aims at allocating the NCPs that reduce environmental im-
pacts from human activities to the originators of the environmental pressures. It is
applied to the following NCPs, that are complementary to the NCPs, the value added
approach was applied to:

— regulation of air quality,

— regulation of climate

2.3.1 Regulation of air quality

Bokusheva et al. (2024) calculate the benefit of regulation of air quality as avoided
morbidity and mortality costs of PM10 emissions and arrive at a cost estimate of
106 million CHF in 2019. According to the air emission accounts published by the
Swiss Federal Statistical Office, almost 30% of the PM10 emissions in this year
stem from households, the rest from industries. This data allows to allocate the
avoided costs to the polluters.

The allocation of avoided costs to polluters does not take the exchange of air pollu-
tants across country boundaries into account. A substance flow analysis on nitrogen
emissions (Reutimann et al. 2022) shows that substantial amounts of N based air
emissions are imported from and exported to other countries. For particulate emis-
sions, comparable information is not readily available.

2.3.2 Regulation of climate

The main service of nature is the sequestration of carbon emissions and thus the
alleviation of impacts and costs of climate change. Climate change is a global prob-
lem. All greenhouse gas emissions contribute to climate change, no matter where
they are emitted. Likewise do ecosystems, that sequester carbon emissions, con-
tribute to the mitigation of climate change regardless of their location.

Bokusheva et al. (2024) estimate the benefit of carbon sequestration by ecosystems
in Switzerland (in the sense of avoided costs of climate change) to lie between 323
and 533 million CHF. The two values were calculated with different methods for es-
timating costs of climate change. In the following we allocate these avoided costs
to the Swiss emitters of fossil CO2. The emissions by emitting industries and house-
holds are published in the Swiss air emission accounts mentioned above.

Almost 40% of fossil CO2 emissions stem from households that are not relevant for
value added. The other 60% of the climate regulation benefit are allocated to the
industries according to their share in fossil CO2 emissions.
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3 Results of the value added approach

In this chapter we present the results of the calculations for gross value added and
employment that are supported by NCPs in Switzerland. The reference year for the
calculations is 2019, the last typical year before the COVID-19 pandemic. In chapter
3.1, value added and employment of industries are presented that directly depend
on NCPs. Chapter 3.2 contains the results for upstream industries and the results
for downstream industries are presented in chapter 3.3. Chapter 3.4 contains a sum-
mary of the results.

3.1 Direct value added and employment

In this chapter gross value added and employment of industries that directly depend
on NCPs are presented by NCP. The calculations follow the methodological ap-
proach explained in chapter 2.2.2.

The target economic indicators, for which results are presented, are the following:

— Output is a measure used in national accounting that for most industries is sim-
ilar to turnover.

— Gross value added shows the contribution of an industry to the national GDP.
It is calculated by deducting intermediate inputs from output.

— Employment is presented as the number of persons employed in fulltime equiv-
alents (FTE). Its relation to gross value added is termed labour productivity
(gross value added / employment in FTE).

Output is presented as an additional indicator, since value added is often calculated
via output.

3.1.1 Direct value added and employment by NCP

Pollination and dispersal of seeds

Crops that are essentially or highly dependent on pollination, had a production value
of 464 M CHF in 2019. They generated value added of 243 M CHF and their culti-
vation secured almost 7’300 jobs in fulltime equivalents (FTE). Table 10 contains
the details for the respective crops.
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Table 10: Direct output, gross value added and employment for agricultural crops highly depend-
ent on pollination, 2019

Output Gross value added Employment
(mill. CHF) (mill. CHF) (in FTE)
Essential dependence on pollination
Pumpkins, Courgettes 26
Kiwi 1
High dependence on pollination
Strawberries 52
Raspberries and other ber-
ries 56
Plums 11
Apples 145
Pears 25
Cherries 32
Apricots 22
Cucumbers 25
Quinces 1
Summer and winter rape-
seed 67
Total 464 243 7257

Sources: Own calculation based on FSO (2023e), FAOSTAT (2023)

Regulation of freshwater quantity, location and timing and regulation
of freshwater quality

Many industries depend on the supply of enough water with an appropriate quality
to deliver their own goods and services. Their output amounted to 11.5 billion CHF
in 2019 (Table 11). Together, they generated 4.1 billion CHF in value added and
employed more than 77’000 fulltime equivalents. Important industries are animal
husbandry (in agriculture), irrigated agricultural crop farming, beverage production,
nuclear power plants and water supply. Additionally, ski regions that need water for
artificial snow production, are relevant for employment due to the low labour produc-
tivity of cable car companies that operate the ski regions.

Energy

Within the NCP 11 (energy), we cover wood harvested for energy purposes and
electricity generation from hydro power. In 2019, wood and hydro energy generated
an output of around 2.4 billion CHF and value added of around 1.7 billion CHF (Table
12). Approximately 2’900 fulltime equivalents were employed. Production of hydro
energy is more relevant than wood energy.

Food and feed

In 2019, the production of agricultural crops was responsible for an output of 4.4
billion CHF and value added of almost 2.5 billion CHF. Approximately 35’000 fulltime
equivalents were employed.
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Table 11: Direct output, gross value added and employment for industries dependent on water-
related NCP, 2019

Output Gross value added Employment

(mill. CHF) (mill. CHF) (in FTE)
Animal husbandry 5’506 1’585 54’696
Irrigated agricultural crops 866 518 10’244
Fishing 51 36 410
Beverage production 2411 901 6’601
Nuclear power plants 624 401 853
Water supply 727 231 1'541
Domestic water transport of goods 168 60 596
Ski regions 505 255 4’960
Total 11’490 4127 77’387

Sources: Own calculation based on FSO (2023c), FSO (2023e), FSO (2023f), FSO (2023g), Eurostat
(2023), (FFA 2023), Nathani et al. (2022), Seilbahnen Schweiz (2019), KKL (2020),

KKG (2020)
Table 12: Direct output, gross value added and employment related to NCP energy, 2019
Output Gross value Employment
(mill. CHF) added (mill. CHF) (in FTE)
Fuelwood 151 57 813
Wood for wood chips and pellets 25 9 135
Hydro power plants 2’188 1’589 1’961
Total 2’363 1’656 2’909

Sources: Own calculation based on SFOE (2021), FSO (2023b), FSO (2023d)

Table 13: Direct output, gross value added and employment related to NCP “food and feed”,
2019
Output Gross value Employment
(mill. CHF) added (mill. (in FTE)
CHF)
Agricultural crops 4409 2470 34’870

Sources: Own calculation based on Nathani et al. (2016), FSO (2023e)

Materials and assistance

In 2019 this NCP supported an output of approximately 780 M CHF and value added
of almost 300 M CHF. More than 4°200 fulltime equivalents were employed.
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Table 14: Direct output, gross value added and employment related to NCP “materials and assis-
tance”, 2019
Output Gross value Employment
(mill. CHF) added (mill. (in FTE)
CHF)
Forestry (without energy wood) 782 206 4214

Sources: Own calculation based on FSO (2023d)

Physical and psychological experiences

Several industries from the tourism sector depend upon the NCP “physical and psy-
chological experiences” for their own service delivery. We focus on industries that
supply tourism characteristic services as defined in the official tourism satellite ac-
counts. The following Table 15 contains the results for these industries. Altogether,
nature-related tourism services account for an output of 10.7 billion CHF and value
added of 5.4 billion CHF. Approximately 47°000 fulltime equivalents are employed in
the respective industries. With regard to output and gross value added, accommo-
dation services, food and beverage services, transport services as well as recrea-
tion and entertainment services are the most important. With regard to employment,
cultural services also have a noteworthy share.

Table 15: Output, gross value added and employment for industries dependent on NCP “physical
and psychological experiences”, 2019

Output Gross value added Employment

(mill. CHF) (mill. CHF) (in FTE)
Accomodation 3’900 2’369 13904
Food and beverage services 2111 985 15’468
Railway services 443 224 2’186
Cableways, funiculars, ski-tows 1°043 527 6'230
Road transport services 346 175 1377
Water transport services 48 43 304
Air transport services 1167 358 1’529
Supporting services 158 59 1132
Transport equipment rental 137 53 215
Travel agencies, tour operators 144 121 1’069
Cultural services 291 120 1’588
Recreation, entertainment services 875 326 1'925
Miscellaneous tourism services 36 25 127
Total 10’699 5°384 47°053

Sources: Own calculation based on Switzerland Tourism (2018), FSO (2023a), FSO (2022a) - FSO
(2022f), FSO (2023h)
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3.1.2 Total direct value added and employment

When adding up the direct results across NCPs we need to make sure that double-
counting is avoided. For instance, agriculture shows up in the NCPs “pollination”,
“regulation of water quantity and quality” and “food and feed”, partly with overlaps.
The following Table 16 summarises the direct value added and employment that are
supported by NCPs.

In total, NCPs directly support an output of 28.4 billion CHF and value added of 13.2
billion CHF. More than 155’000 fulltime equivalents can be directly linked to NCPs.
Thus, 1.9% of total gross value added generated in the Swiss economy and 3.7%
of total employment, can be regarded as being strongly dependent on NCPs. The
employment share is significantly larger than the value added share since the in-
dustries supported by NCPs tend to be characterised by labour productivities that
are lower than the average of the Swiss economy.

Table 16: Total output, gross value added and employment directly supported by NCPs, 2019

Output Gross value added Employment

(mill. CHF) (mill. CHF) (in FTE)

Primary sector

Agriculture 9'916 4’055 89’566
Forestry 957 363 5162
Fishing 51 36 410
Industry sector

Beverage production 2411 901 6’601
Power plants 2’811 1’990 2’814
Water supply 1’359 431 2'877
Services sector

Transport services 3373 1’445 13'354
Accomodation services 3'900 2'369 13’904
Food and beverage services 2111 985 15'468
Transport equipment rental 137 53 215
Travel agencies, tour operators 144 121 1069
Cultural services 291 120 1588
Recreation, entertainment services 875 326 1'925
Miscellaneous tourism services 36 25 127
Total 28’372 13’220 155’080
Total economy 697°027 4'140°271
Share 1.9% 3.7%

Source: Own calculations
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Agriculture contributes most to these values, especially with regard to employment.
Other important industries are beverage production, power plants, water supply,
land transport services as well as accommodation and food services.

3.2 Value added and employment in upstream industries

The industries mentioned in Table 16 need intermediate inputs from other industries
to deliver their own goods and services. These can be calculated as output minus
gross value added. They are starting point for the estimation of upstream effects
with the input-output model described in chapter 2.2.3.

Table 17 contains the results for the supply chain effects of the above-mentioned
industries. In total, the upstream industries generated an output value of 16.4 billion
CHF and value added of 6.6 billion CHF (0.9% of total gross value added in Swit-
zerland). More than 44’000 fulltime equivalents were employed in these industries
(equal to 1.1% of total employment).

Table 17: Output, gross value added and employment indirectly supported by NCPs in upstream
industries, 2019

Output Gross value added Employment

Industry (mill. CHF) (mill. CHF) (in FTE)
Agriculture 5'644 2217 14’209
Forestry 320 134 985
Fishing 15 4 30
Beverage production 1218 518 3676
Power plants 1283 456 2’536
Water supply 1225 528 4°000
Transport services 2'645 1109 8’001
Accomodation services 1909 759 4992
Food and beverage services 1'393 563 3708
Transport equipment rental 117 60 457
Travel agencies, tour operators 32 17 127
Cultural services 130 60 452
Recreation, entertainment services 420 193 1455
Miscellaneous tourism services 16 9 48
Total 16’367 6’627 44’678
Total economy 697°027 4'140°271
Share of total economy 1.0% 1.1%

Source: Own calculations
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Agriculture is the industry that induces the largest share of supply chain effects, but
its shares are significantly smaller than for direct impacts. As for the direct impacts,
other important industries are transport services, beverage production, power
plants, water supply, accommodation and food services. The industries that profit
from the supply chain effects, are strongly distributed across the economy and in-
clude manufacturing, construction, trade and diverse other services.

3.3 Value added and employment in downstream industries

The following table contains the results of calculations of value added and employ-
ment in downstream industries. The main data sources are the Structural Business
Statistics for output and gross value added and STATENT for employment.

Table 18: Output, gross value added and employment indirectly supported by NCPs in upstream
industries, 2019

Industry Output Gross value added Employment
(mill. CHF) (mill. CHF) (in FTE)

Downstream of agriculture

Meat processing 7'659 1715 13’325
Fruit and vegetable processing 1’079 282 2233
Manufacture of oils and fats 465 125 447
Manufacture of dairy products 8’430 1’883 8'813
Manufacture of grain mill and starch prod-

ucts 883 136 1249
Manufacture of sugar 268 45 340
Manufacture of prepared animal feeds 536 97 723

Downstream of forestry

Wood processing 5360 2’107 19'646

Downstream of hydro and nuclear
power plants

Electricity trade and distribution 22’572 2'863 9'052
Total 47°252 9°252 55’828
Total economy 697°027 4'140°271
Share of total economy 1.3% 1.3%

Source: Own calculations based on Eurostat (2023), FSO (2023b), FOEN (2020), Schweizer Zucker
AG (2019), SFOE (2020), Nathani et al. (2019)



Nature’s Contribution to Value Added and Employment / Technical report

3.4 Summary of results

In the following table, the results for directly dependent industries, upstream and
downstream industries are summarised. In total, gross value added of more than 29
billion CHF is directly or indirectly supported by NCPs in Switzerland. This equals a
share of 4.2% of total Swiss GDP. More than 255’000 fulltime equivalents are em-
ployed in the supported industries, equalling a share of 6.2% of total employment in

Switzerland.
Table 19: Output, gross value added and employment directly and indirectly dependent on NCPs
in 2019

Part of the supply chain Output Gross Employment

(mill. CHF) value added (in FTE)
(mill. CHF)

Industries directly supported by NCPs 28'372 13'220 155'080

Upstream industries 16'367 6'627 44'678

Downstream industries 47252 9252 55'828

Total 91’992 29’100 255’587

Total economy 697°027 4'140°271

Share of total economy 4.2% 6.2%

Source: Own calculations

These numbers can be seen as a conservative estimate of the economic relevance
of NCPs, since we only include industries with strong and clear links to NCPs in our
analysis. In effect, many more enterprises in Switzerland will have some kind of
dependence on some NCPs, be it via the need for natural materials, water or elec-
tricity, protection from extreme events, landslides or flooding or by indirect links to
the tourism industry. For methodological reasons it is currently difficult to quantify
such weak links to NCPs with the value added approach.
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4 Results of the allocation approach

With the allocation approach, the avoided costs of air pollution (particulate matter,
PM) and greenhouse gas emissions are allocated to the polluters. According to the
polluter pays principle, the (external) costs of pollution should be borne by the pol-
luters. By reducing the harmful impacts of pollution, NCPs relieve the polluters from
a part of their hypothetical cost burden.

The avoided costs are compared to the value added generated by the polluters.

Our calculation starts with the monetary value of carbon sequestration and of the
reduction of particulate matter emissions estimated in Bokusheva et al. (2024) for
the year 2019. These values can be interpreted as costs avoided by the NCPs cli-
mate regulation and regulation of air quality.

For carbon sequestration, two alternative values were calculated, one with the mar-
ginal abatement cost (MAC) approach and one with the social cost of carbon (SCC)
approach'. The value of carbon sequestration is valued at 524 million CHF with the
SCC approach and at 317 million CHF with the MAC approach®. According to Swiss
air emission accounts, 39% of fossil CO2 emissions in 2019 stem from private
households, the rest from the Swiss industries.

Between 270 and 400 million CHF of avoided costs can be allocated to Swiss in-
dustries as polluters (Table 20). These costs represent a share of 0.04 — 0.06% in
total gross value added of the Swiss economy. The cost share differs strongly at the
industry level. For water and air transport, the industries with the largest share in air
emissions, the avoided costs account for between 1.5% and 2.5% of respective
gross value added. Other industries with above-average shares of value added in-
clude

— “other non-metallic mineral products” producing goods like glass, cement or ce-
ramic products with shares between 1.2% and 1.8%,

— sewerage and waste management with shares between 1.2% and 2%,
— agriculture, forestry and fishing with shares between 0.5% and 0.6%

— followed by construction, land transport, food and tobacco products and refiner-
ies and the chemical industry.

For these industries, having to bear the external costs of air pollution would signifi-
cantly reduce their profitability (defined as gross value added less labour costs, cap-
ital depreciation and taxes). Thus, they may also be seen as beneficiaries of nature’s
contributions to people.

2 See Bokusheva et al. (2024) for further details on the two approaches.

3 These values only refer to the social cost of air pollution and climate change that is mitigated by ecosystems in
Switzerland. The total social costs are significantly higher.
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Table 20: Allocation of external costs avoided by NCPs to polluters, 2019 in million CHF
Carbon Carbon se- Regulation Gross Share of Share of
sequestra- questration of air quality value GVA GVA
NOGA Polluter tion (SCC) (MAC) added (ScCC) (MAC)
Value of NCP 524.0 317.0 106.4

Allocation to polluters

Private households 204.0 123.4 30.8
Industries 320.0 193.6 75.6 694’593 0.06% 0.04%
of which:
50, 51 Water and air transport 83.6 50.6 0.6 3412 2.47% 1.50%
Other non-metallic mineral products
23 (e.g. glass, cement) 35.6 21.5 6.4 2417 1.73% 1.15%
37,38,39 Sewerage and waste management 31.4 19.0 0.6 1’651 1.94% 1.19%
41-43 Construction 14.0 8.5 17.7 34’629 0.09% 0.08%
01-03 Agriculture, forestry, fishing 10.8 6.5 16.2 4’644 0.58% 0.49%
49 Land transport 16.9 10.2 6.0 15’751 0.15% 0.10%
10-12 Food and tobacco products 12.5 7.6 4.2 12’462 0.13% 0.09%
19, 20 Refineries, chemical industry 15.4 9.3 0.6 8’661 0.18% 0.11%
84 Public administration 14.0 8.5 4.2 71908 0.03% 0.02%
Other industries 85.7 51.8 19.3 539’058 0.02% 0.01%

Source: Own calculations based on Bokusheva et al. (2024), FSO (2024a), FSO (2024b)

5 Summary and discussion

An important objective of the Valpar.CH project is to determine the ecological, eco-
nomic and social value of nature’s contributions to people (NCPs). Over the last
decades, estimating the economic value of NCPs has become an important re-
search field and various different estimation approaches have been developed.

Three basic monetary valuation approaches can be distinguished in the context of
ecosystem accounting:

— exchange values reflecting the price at which NCPs are exchanged or would be
exchanged between willing buyers and sellers if a market existed,

— welfare values reflecting the willingness to pay for NCPs,

— the value added approach estimating value added generated by economic activ-
ities that directly depend upon NCPs.

In this report, we mainly apply the value added approach to assess the economic
relevance of selected NCPs by estimating the value added and employment in in-
dustries that strongly depend on NCPs for their own economic performance. We
include industries that are directly dependent on NCPs as well as industries that are
indirectly dependent as upstream suppliers and downstream customers of directly
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dependent industries. The value added approach can be seen as an alternative ap-
proach to monetary valuation of NCPs. Instead of estimating the economic value of
NCPs, the value added approach quantifies the economic relevance of industries
that strongly depend on the supply of NCPs. It thus displays a different dimension
of economic benefits that are provided by nature and complements the monetary
valuation approaches.

Our results cover the main material NCPs and selected regulating and non-material
NCPs. They show that in the reference year 2019, the industries that directly and
strongly depend on NCPs account for 1.9% of total gross value added in Switzerland
and 3.7% of total employment. Including upstream and downstream economic ac-
tivities, more than 29 billion CHF is directly or indirectly supported by NCPs in Swit-
zerland. This equals a share of 4.2% of total Swiss GDP. More than 255’000 fulltime
equivalents are employed in the dependent industries, equalling a share of 6.2% of
total employment in Switzerland.

Among the industries directly dependent on NCPs, agriculture contributes most to
value added and employment as a beneficiary of many NCPs such as “food and
feed”, “pollination”, “water quantity and quality regulation” or “formation, protection
and decontamination of soils”. Other important industries are beverage production,
power plants and water supply, directly depending on the NCP “water quantity and
quality regulation” and land transport services as well as accommodation and food

services dependent on the NCP “physical and psychological experiences”.

Industries in upstream supply chains of these directly dependent industries are man-
ifold. Among industries in downstream supply chains, the food processing industry,
the wood processing industry and electricity trade and distribution are noteworthy.

In this report we also explored two other links between NCPs and value added:

— Prevention of loss of value added: NCPs can prevent the disruption of economic
activities, thereby preventing the loss of value added and productive labour time.
This especially holds for regulating NCPs such as regulation of hazards and ex-
treme events that avoid business interruptions.

— Reduction of external costs allocated to polluters: NCPs partly moderate the ad-
verse impacts of environmental pressures caused by economic activities (e.g.
through air or freshwater filtration). By reducing/absorbing the external costs
caused by the respective economic activities, NCPs prevent social welfare
losses and generate a hypothetical benefit to polluters. If polluters were to inter-
nalize their environmental externalities in the absence of the NCPs, this would
increase their costs and reduce their profitability. The hypothetical benefit the
respective economic activities receive can in this context be compared to the
value added they generate.

We tested the empirical application of the allocation approach for two NCPs: regu-
lation of air quality and climate regulation. We allocated the benefits of the NCPs,
that are equal to the avoided costs of greenhouse gas and air emissions to the
polluters and compared the hypothetical benefit to the value added of emitting in-
dustries.

The results show that for the total economy, the ratio of avoided costs to gross value
added is small (0.04% — 0.06%). But for emission intensive industries like transport
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services, non-metallic mineral products (e.g. glass or cement) or sewerage and
waste management, the (hypothetical) benefit of avoided external costs can be sub-
stantial (up to 2.5% of gross value added).

Discussion

The results of the value added approach can be seen as a conservative estimate of
the economic relevance of NCPs since we only include industries with strong and
clear links to NCPs in our analysis. In effect, many more enterprises in Switzerland
have some kind of dependence on NCPs. Food and feed is the basis for the com-
plete food chain that comprises the food industry, food services in restaurants, can-
teens and hotels or trade and transport of food, even though the economic rele-
vance of food materials decreases, the further we move down the supply chain.
Clean water is needed in many industries, even if not as a primary input and in small
quantities. And bio-based materials such as wood is used in many industries in a
processed form (e.g. furniture, construction wood). Many companies benefit from
the protection by nature from extreme events, even though these events occur
rarely and the impact on economic performance is rather small. For methodological
reasons it is currently difficult to quantify such weak links to NCPs with the value
added approach and hence this was excluded from the scope of this work.

NCPs can also prevent the loss of value added. In this report we did not attempt to
quantify the loss of value added. In the cases where NCPs prevent additional costs
to producers (e.g. regulation of freshwater quality), the prevented loss of value
added is linked to the monetary estimate of the benefit. In other cases, NCPs pre-
vent the decrease of production factors on the supply side and thus the decrease of
economic activities, e.g. by mitigating the impacts of hazards and extreme events,
of air pollution or of climate change. The quantification of value added loss pre-
vented due to the mitigation of hazards and extreme events is possible in principle
but requires a complex spatial assessment of production activities, their value added
generated and the risk of hazards and extreme events, that was not possible in the
project at hand. Currently the risks and costs of climate change in Switzerland are
analysed in the research program NCCS-Impacts'®. The results might also allow to
assess the risk to value added of the affected industries.

The allocation approach was tested for two NCPs and could be applied to other
NCPs that mitigate anthropogenic pollution such as regulation of freshwater quality.

4 https://www.nccs.admin.ch/nccs/de/home/klimawandel-und-auswirkungen/nccs-impacts. html
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