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Abstract

Recent research shows that ecosystem services in consumer utility are becoming scarce relative to
produced consumption goods and services, and substitutability between the two is limited (e.g.
Baumgartner et al., 2015; Koetse et al., 2018). According to economic theory this implies that the
relative price of final ecosystem services increases, and within a Ramsey optimal growth framework
this means that in a social cost benefit analysis lower discount rates should be applied to investment
projects on ecosystem services than to those on produced consumption goods and services (Weikard
and Zhu, 2005; Hoel and Sterner, 2007). Interestingly, some authors studied the time-behaviour of
the social discount rate, but different mechanisms are used. While Hoel and Sterner (2006) and
Traeger (2011) find that limited substitutability between ecosystem services and other consumption
goods and services in utility would require non-constant discount rates over time by using a CES
utility function, other authors suggest time-declining discount rates by considering the uncertainty of
future economic growth (Gollier, 2002; Groom and Hepburn, 2017).

An important extension to these analyses and insights is related to the role of intermediate
ecosystem services, or more specifically ecosystem services that are used in the production of
consumption goods and services. In a theoretical study, Zhu et al. (2019) show that when the growth
rate of ecosystem services is relatively low, and if the substitution potential between ecosystem
services and other input factors is imperfect, the social discount rate should decline over time.
However, to what extent the intermediate ecosystem services in production would affect the social
discount rate requires empirical estimation of the growth rates of ecosystem services and the
elasticities of substitution between ecosystem services and other inputs in production. The existing
literature only provides very scant information on these. The purpose of this paper is therefore to
provide some empirical evidences of the low growth rates and the limited substitutability of
ecosystem services and to show how we can use this information to guide the determination of the
social discount rate. We do this in three steps:

= We empirically assess growth rates of essential ecosystem services (or indicators thereof) as
inputs in production;

=  We derive empirical evidence for the potential for substitution between ecosystem services and
other input factors in production;

=  We use these insights on growth rates and the elasticities of substitution of ecosystem services
to assess the implications for the social discount rate.

We derive growth rates of many relevant intermediate services, or indicators thereof, such as soil
nutrients, soil erosion, and biodiversity. We show that growth rates are near zero or even negative.
We furthermore empirically estimate the elasticities of substitution between ecosystem services
such as pollination, soil fertility and pest control, and other input factors, and find that the elasticities



of substitutions are in general less than one, which implies the limited substitutability of ecosystem
services in production. These two findings imply that we need to use a time-declining discount rate
towards the long-run steady state value of the social discount rate , which is the pure rate of time
preference if ecosystem services do not grow, or even negative if the growth rate of ecosystem
services is negative and its absolute value is sufficiently high. We also find that most of the available
data on ecosystem services are crude approximations of the relevant ecosystem services that are
used in production, and we discuss and propose an agenda for future research aimed at obtaining
the necessary relevant data and insights.
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