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Authors’ Personal Statement:

 
During the last couple of years we (an economist and an ecologist) have been doing joint research on multiple eco-
system services across countries and continents. Realizing that environmental scientists of different disciplines 
sometimes use the same words—such as sustainability or efficiency—with distinct meanings, a crucial basis for our 
successful teamwork has been to define clear terminology and a mutual understanding of what we are talking about. 
Our impression was that many scientists, practitioners, and politicians feel the same, and would appreciate greater
clarity concerning technical terms sometimes used in a colloquial way. This situation motivated us to write this essay. 
The Millennium Ecosystem Assessment has shown that it is an ambitious task to combine fragmented and discipli-
nary knowledge in a common inter- and transdisciplinary language. Our essay is meant to take up part of this chal-
lenge.

 

Introduction 

The notion of ecosystem services cuts across 
ecology and economy and calls for overcoming 
science’s fragmented and disciplinary nature 
(Norgaard, 2008). At the same time, clear and com-
prehensive definitions are required to avoid misun-
derstandings of the approach as a whole (Ghazoul, 
2007a; 2007b; 2008a; 2008b; Allsopp et al. 2008; 
Klein et al. 2008; Kremen et al. 2008). The Millen-
nium Ecosystem Assessment (MA) defines different 
kinds of ecosystem services and distinguishes among 
providing, regulating, supporting, and cultural ser-
vicing (MA, 2005). Although a valuable concept, it 
has been criticized for mixing processes (―means‖) 

for achieving services with services themselves 
(―ends‖) (Wallace, 2007; compare also Fisher & 

Turner, 2008).  
In this essay we focus on another drawback, 

namely the challenge of adequately taking ―sustain-
ability‖ into account. As Norgaard (2008) remarks, 
neither the MA’s conceptual framework nor the em-
pirical literature reviewed distinguishes ecological 
services provided by sustainable ecosystem flows 
from those generated through ecosystems slowly de-
grading over time, such as overused forests. We dis-
cuss here the ecosystem-service approach using pol-
lination services as an example. We first distinguish 
between weak and strong sustainability, then consider 
efficiency requirements and their relationship to sus-
tainability, and finally show the implications for pol-

icy recommendations as well as for the overall con-
cept of ecosystem services. 

Sustainability 

Sustainability refers to a concept of equity across 
generations and has been generally defined as devel-
opment that meets the needs of the present generation 
without compromising the ability of future genera-
tions to meet their own needs (WCED, 1987). In the 
following, we discuss two more specific definitions 
of sustainability: equity-based and utility-based. 

The equity-based definition of sustainability re-
quires preserving the rights of future generations as 
an act of bequeathing based on distributional fairness 
(Norton & Toman, 1997). In contrast, utility-based 
sustainability strives to maintain the capacity to pro-
vide nondeclining per capita welfare in the future 
(Neumayer, 2003). Concerning the latter, it is crucial 
to distinguish between weak and strong sustainabil-
ity. In the case of weak sustainability, it is assumed 
that natural resources and the services they provide 
can be replaced by other forms of capital, such as 
human-made (built) capital, as long as the same wel-
fare level can be assured (Hartwick, 2000). In con-
trast, strong sustainability requires a constant level of 
natural capital without the opportunity of being sub-
stituted by built capital (see Figure 1). The physical 
maintenance of natural capital implies that renewable 
resources (e.g., habitats or resources of organisms 
providing ecosystem services) should be used in such 
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Figure 1 Substitutability of natural capital and its impact on the provision of ecosystem services (based on MA, 2005). 

 

a way that the extraction is compensated by regen-

eration, while nonrenewable resources should not be 

extracted at all. 

 

Efficiency 
 

Efficiency in the broad sense is realized if a de-

termined goal is achieved with minimum input or, 

alternatively, a certain fixed input is used in such a 

way that it leads to a maximum output. Both cases 

imply the ―absence of waste‖ as a condition for effi-

ciency (Samuelson & Nordhaus, 2001; Baumgärtner 

& Quaas, 2010). Efficiency can be claimed at various 

economic levels: for the household or firm, as well as 

for a society as a whole. Given that sustainability 

refers to developments in the future, a corresponding 

definition of efficiency should also comprise tem-

poral aspects, resulting in the maximization of utility 

over time, i.e., intertemporal efficiency. This is 

usually achieved by discounting, which means giving 

less weight or importance to events that occur in the 

future. Discounting is often justified (i) by consider-

ing a positive time preference of the present genera-

tion (regarding future utility, e.g., from consumption, 

as worth less than today’s) or (ii) by expecting future 

generations to be wealthier than the present one 

(Neumayer, 2007). However, these assumptions and 

resulting policy recommendations are controversial. 

A prominent recent example is the Stern Review, 

which—based on efficiency calculations—

recommends immediate and comprehensive action 

against climate change (Stern, 2007). The review has 

been criticized for its economic assumptions and in 

particular for the low discount rates applied, which 

substantially increase the weight assigned to costs of 

climate change occurring in the future (e.g., Tol & 

Yohe, 2006; Nordhaus, 2007). However, Neumayer 

(2007) argues that the discounting debate actually 

misses the point: instead of dealing with efficiency 

questions, the major question is how to adequately 

tackle the issue of sustainability, and especially the 

nonsubstitutable loss of natural capital. 

 

Goals or Constraints 
 

The concepts of both intertemporal efficiency 

and intergenerational equity have been widely dis-

cussed over the last decade, comprising questions 

such as (i) how to achieve an efficient resource allo-

cation by choosing appropriate discount rates or (ii) 

how to guarantee a certain level of per capita well-

being depending on sustainability in terms of the 

strong or the weak senses. Additionally, several ap-

proaches have been developed to deal with uncer-

tainty (Baumgärtner & Quaas, 2009). First is a 

utility-based interpretation of nature conservation that 

emphasizes the benefits of delaying irreversible deci-

sions. These benefits can be defined as an ―option 

value‖: the value of preserving, for example, a habitat 

to maintain the option to use it for other purposes in 

the future (Wesseler et al. 2003). Second are ethics-

based principles that highlight precautionary aspects 

such as safe minimum standards for protected areas. 

Finally, rights-based principles advocate a ―fair shar-

ing‖ of opportunities across generations (Horwarth, 

2007).  

Evidence points to persisting basic discrepancies 

among different disciplines due to the way they un-

derstand sustainability and efficiency. For instance, 

while economists might regard efficiency as a goal to 

avoid wastefulness, and sustainability as a restriction 

to be considered when striving for this goal, ecolo-

gists tend to see sustainability as a goal in itself, re-

flecting the fundamental ―inalienable‖ rights of future 

generations or nature itself (Pezzey, 1997; Howarth, 

2007). Consequently, policy recommendations might 

differ substantially.  
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Pollination as an Ecosystem Service 
 

In the following discussion, we present the 

implications of applying the ecosystem-service ap-

proach, illustrated by the example of pollination ser-

vices for crop production. Here, capital in the form of 

natural and semi-natural habitats provides forage and 

nesting resources for bees, which in turn pollinate 

crop flowers. Several authors have shown that this 

service can result in increased fruit production (re-

viewed in Klein et al. 2007), and, in turn, even in-

creased crop revenues (Ricketts et al. 2004; 

Olschewski et al. 2006; Veddeler et al. 2008). In its 

strictest sense, strong sustainability would mean that 

particular natural habitats (e.g., rainforest or heath 

land) should be physically preserved. In a wider ap-

plication, strong sustainability would allow for a li-

mited substitution between different forms of natural 

capital, as in the case of conserving bee habitat in 

agricultural landscapes to promote wild bee popula-

tions. In contrast, weak sustainability goes beyond 

and allows for a complete substitution, i.e., the de-

struction of habitats if their services as a provider of 

bee resources can be replaced with built capital with-

out negative impacts on human welfare. Such an al-

ternative is, for example, available for some crop 

species by renting privately owned bee colonies and 

introducing them into the crop fields, thereby assur-

ing appropriate pollination.  

It is important to note that the outcome of a sus-

tainability analysis depends crucially on the particu-

lar way substitutability is applied. In addition, we 

show that both are interlinked with the question of 

short- and long-term land-use efficiency. As men-

tioned above, efficiency requires avoiding wasteful-

ness: the benefits of a land-use decision should be 

higher than the costs. Therefore, the (opportunity) 

costs of nature conservation are to be determined and 

compared with the resulting benefits. Opportunity 

costs are defined as the benefits forgone by realizing 

a particular land use A instead of the best alternative 

B. In our case, these costs are incurred by conserving 

the pollinator habitats instead of using the land, say, 

for alternative crop production. Strong sustainability 

does not allow for substitution, thereby implicitly 

disregarding opportunity costs (Howarth, 2007). 

However, local smallholders are unlikely to take this 

perspective. They are well aware of production alter-

natives when making short-term land-use and man-

agement decisions (Benítez et al. 2006). For them 

and their livelihoods, weak sustainability can be seen 

as an appropriate approach concerning local pollina-

tion services: if private bee colonies are suitable as a 

substitute for natural capital, why bear the opportu-

nity costs (forgone revenues) of conserving land as 

bee habitat? 

Conflicts Between Efficiency and 

Sustainability? 
 

Interestingly, sustainability in the weak sense is 

unlikely to be a binding constraint, because it allows 

for substitution within a wide range of different 

forms of capital. Under such circumstances, effi-

ciency does not need to conflict with sustainability: 

efficiency would entail using the land for the most 

profitable alternative. If land use A (crop production) 

generates higher benefits than land use B (non-

managed habitats), then efficiency would suggest 

replacing these habitats to avoid wastefulness. More-

over (and leaving ethical aspects aside), weak sus-

tainability would allow such destruction of natural 

habitats as long as a replacement by private bee colo-

nies is possible.  

Despite this result, Ghazoul (2007a) points out 

that a trade-off between ecological and economic 

sustainability still arises through ―the decline in eco-

logical sustainability of the pollination services seem-

ingly at odds with…economic productivity.‖ He ar-

gues that renting private honey-bee colonies is eco-

nomically more efficient for California almond far-

mers than maintaining bee habitats on their land. 

However, according to our definition, this situation 

can only be characterized as a ―conflict‖ when ap-

plying sustainability in the strong sense, which is 

often claimed for so-called life-supporting functions 

of ecosystems, say, when calling for safe minimum 

standards of conservation (Neumayer, 2003).  

The decisive question is whether it is appropriate 

to claim strong sustainability for pollination services 

as a life-supporting function of the natural ecosys-

tem? Recently, Klein et al. (2007) found that up to 

35% of global crop production benefits from biotic 

pollination, mainly from bees. Further, agriculture 

has become increasingly pollinator dependent over 

the last five decades and this trend is expected to 

grow in the future (Aizen et al. 2008).
1
 Gallai et al. 

(2009) calculate that pollinators are responsible for 

9.5% of the worldwide crop-production value of hu-

man food. Thus, natural and semi-natural habitats as 

                                                      
1
 Agriculture has become increasingly pollinator dependent be-

cause of increasing land devoted to pollinator-dependent crop 

production while land devoted to crop production without polli-

nators decreased in the developed world and slightly increased in 
the developing world (Aizen et al. 2008). The observed trend may 

have been caused by the increasing production of pollinator-

dependent bioenergy crops (e.g., canola, rape, jatropha). For soya 
production, evidence was found that insect pollination can increase 

production of at least one important cultivar (Klein et al. 2007). A 

further example is increasing nut production, such as almonds in 
California. Furthermore, a general trend toward a balanced–

diversified–human diet leads to increased production of fruits and 

vegetables, the majority of which are pollinator dependent (see 
also Aizen et al. 2008).  
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providers of diverse bee species substantially contri-

bute to current crop production, thereby supporting 

the strong sustainability approach. 

However, specific flowering conditions for, say, 

California almonds, lead to seasonal increases in pol-

linator demand which cannot be satisfied by bees 

from natural habitats only. Here, almond farmers 

have to rent privately owned bee hives, including 

imported ones (Klein et al. 2008). In the extreme case 

of intensive almond-plantation landscapes, a com-

plete replacement of natural pollination has occurred, 

whereas in landscapes with remaining natural habi-

tats the rented services can be characterized as a 

complement rather than a substitute for native bees. 

 

Policy Recommendations Under Economic and 

Ecological Uncertainty 
 

Public interest and awareness of the economic 

impact of pollination services is strong. Even the 

popular publication The Economist (2009) has taken 

up this issue, explaining why the rental of bee hives 

is currently an efficient solution for California far-

mers, while also discussing how the short-term vola-

tility of pollination supply and demand is related to 

factors such as economic development. 

In addition to economic uncertainty caused by, 

for example, price volatility, there is considerable 

ecological uncertainty due to the temporal variability 

of the provisioning of ecosystem services. In 2007, 

the National Academy of Sciences in the United 

States released a report on the status of pollinators in 

North America concluding that for most pollinator 

species long-term population data are lacking and 

knowledge of basic ecology is incomplete (CSPNA 

& NRC, 2007). Additionally, several authors have 

highlighted that, even with currently sufficient polli-

nation services, preserving pollinator diversity pro-

vides biological insurance for future services 

(Winfree et al. 2007; Hoehn et al. 2008; Winfree & 

Kremen, 2009). Neglecting this aspect by following 

the weak sustainability approach and failing to con-

sider future conditions for substitutability might lead 

(i) to inefficiency by making irreversible decisions, 

and thus losing benefits by destroying option values, 

and (ii) to unsustainability by causing declining per 

capita welfare in the long run. We therefore advocate 

a precautionary approach. Note that this does not 

necessarily mean abandoning the utilitarian interpre-

tation of sustainability. Both the equity-based ap-

proach (claiming inalienable rights of future genera-

tions) and the utility-based approach (requiring non-

declining per capita welfare) come to the same con-

clusion if welfare growth is not expected to compen-

sate for the nonsubstitutable loss of natural capital. 

Under these circumstances, similar policy recom-

mendations result regardless of which concept we 

use. 

However, scientists are skeptical regarding how 

far such recommendations translate into political de-

cision making. On one hand, Pezzey (1997) remarks 

that people do not place ―overriding importance‖ on 

sustainability as an ethical concept for intergenera-

tional equity. On the other hand, intertemporal effi-

ciency calculations based on discounting face limited 

acceptance through the argument that they are (i) 

myopically biased toward the present generation, 

placing an overly low weight on the preferences of 

future generations, and (ii) overoptimistically assess 

the welfare of future generations. Neumayer (2007) 

argues that irreversibility and nonsubstitutability are 

much closer to real public concerns and these notions 

provide much stronger justification for present action 

than the intertemporal efficiency arguments. Here, 

safe minimum standards, although sometimes char-

acterized as ―rules of thumb,‖ might serve as rational 

criteria for decision making under pronounced un-

certainty (Woodward & Bishop, 1997). 

Defining such standards on a comprehensive 

scientific basis requires a broad inter- and transdisci-

plinary effort, one that takes into account different 

scales and timeframes as well as approaches to un-

certainty. In our example, a partial widening of the 

narrow interpretation of strong sustainability—one 

that allows for substitution between different forms 

of natural capital—would open possibilities to main-

tain pollination as an ecological process while miti-

gating the negative effects of habitat loss. However, 

to do so a better understanding of the complex 

processes and systems is required. The Millennium 

Ecosystem Assessment (MA, 2005) has shown that it 

is not a simple task to combine fragmented and dis-

ciplinary knowledge to reach this aim. This essay is 

meant to take up part of this challenge. 
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