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Assessment of Ecosystem Services 
 
PAULA A. HARRISON, GARY W. LUCK, CHRISTIAN K. FELD AND MARTIN T. SYKES 
 
Introduction 
 
Ecosystem services are the benefits that humans obtain from ecosystems. They support, directly or 
indirectly, our survival and quality of life.  The Millennium Ecosystem Assessment (MA) conducted an 
extensive scientific review on ecosystem services between 2001 and 2005, involving 1300 researchers 
from 95 countries (www.millenniumassessment.org). The MA concluded that 60% of ecosystem services 
are being degraded or used unsustainably, often resulting in significant harm to human well-being.  The MA 
categorised ecosystem services into four classes: 
 

• Provisioning services which are the products obtained from ecosystems, such as food, water, fuel 
and materials for building. 

• Regulatory services which are the benefits obtained from the regulation of natural processes, such 
as air quality regulation, climate regulation, water/flood regulation, disease and pest control, 
pollination and water purification. 

• Cultural services which are the non-material benefits people obtain from ecosystems and 
landscapes through spiritual enrichment, recreation and aesthetic enjoyment. 

• Supporting services which are necessary for the production of all other ecosystem services, such 
as soil formation, nutrient and water cycling, and photosynthesis. 

 
The importance of ecosystem services for humankind is illustrated for freshwater ecosystems. 
 
Freshwater ecosystem services 
 
River ecosystems - in a broader sense - encompass river channels and floodplains.  Both form a diverse 
mosaic of habitats with the riparian area at the transition zone between the land and water.  During flood 
events, water and sediment are transported onto the floodplain and provide the nutrients that render river 
ecosystems highly productive.  Conversely, floodplains (and other wetlands) constitute important sinks of 
river nutrients and sediments and, hence, contribute substantially to a river’s self-purification.  They act 
as a sponge and regulate the water volume, as they cut off flood peaks and release water during low-flow 
conditions.  Floodplains, especially the riparian areas, provide the river channel with carbon (organic 
matter) which is essential for sustaining riverine plant, animal and micro-organism communities in many 
regions of Europe.  
 
Looking more precisely at the specific services provided by river ecosystems, their important role for 
human well-being becomes obvious.  Nearly everywhere on Earth, people depend on rivers for fresh 
water supply and sanitation purposes.  But there are many more services linked with rivers and 
floodplains besides these fundamental human needs.  Figure 1 provides an overview of the major 
provisioning (e.g. fresh water and timber supply), regulatory (e.g. water and erosion regulation, self-
purification), cultural (recreation and ecotourism) and supporting (e.g. soil formation, nutrient and water 
cycling) services provided by freshwater ecosystems. 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Major ecosystem services provided by rivers, riparian areas and floodplains/wetlands in 
Europe.  
 
Ecosystem services are sometimes valued in monetary terms for use in policy- and decision-making.  This 
is relatively straightforward for provisioning services such as water and timber supply where market 
values exist.  However, it is more difficult and often controversial for many regulatory and supporting 
services for which the direct benefits to people are not as clear. Nevertheless, several studies have 
provided values for river and floodplain ecosystem services.  The Danube floodplain and wetlands, 
especially their regulatory role as a nutrient sink, have been valued at 650 Million Euro per year (Gren et 
al. 1995).  On a global scale, an annual total value of 4,879 Trillion US$ has been estimated for wetlands 
and 3,231 Trillion US$ for floodplains (including swamps) or, altogether, around 24 % of the total annual 
ecosystems services’ value on Earth (Costanza et al. 1997). 
 
Mapping freshwater ecosystem services 
 
The contribution that the protection of ecosystem services will make to biodiversity conservation is being 
explored through broad-scaled mapping. The spatial distribution of three key freshwater ecosystem 
services (water provision, flood prevention and carbon storage) has been mapped for Europe by Luck et 
al. (2008a).  Areas were ranked in order of priority for investment in service protection and compared 
with an index of freshwater biodiversity and rankings based on established biodiversity conservation 
prioritisation schemes (Conservation International biodiversity hotspots, World Wildlife Fund Global 200 
ecoregions and Birdlife International endemic bird areas). These schemes identify regions across the 
globe that are priorities for protecting biodiversity.  
 
Examining the spatial patterns for ecosystem services and biodiversity conservation priorities reveals four 
possible trends: (i) mutual-high priorities (MHP) – where areas have high priority for both biodiversity 
conservation and ecosystem service protection; (ii) mutual-low priorities (MLP) – where areas have low 
priority for both biodiversity conservation and service protection; (iii) ecosystem service priorities (ESP) 
– where areas have high priority for service protection only; and (iv) biodiversity conservation priorities 
(BCP) – where areas have high priority for biodiversity conservation only.  
 



Figure 2 shows the locations of areas in the above categories. For example, when comparing ecosystem 
services with the index of freshwater biodiversity, areas such as Vistula (Poland), Oder (Poland) and 
Tagus (Portugal and Spain) are ranked as MHPs, whereas the Danube and Rhine are only priorities for 
ecosystem service protection (Figure 2a). The classification varies slightly when comparing ecosystem 
services with the other biodiversity conservation schemes (Figure 2b). These results serve to inform 
European conservation and development agencies of priority locations where return-on-investment in 
service protection and biodiversity conservation is greatest.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Priorities for the protection of ecosystem services and biodiversity in European 
freshwater ecosystems: (a) ecosystem services compared with freshwater biodiversity; and (b) 
ecosystem services compared with other biodiversity conservation schemes. Areas are split into 
four categories: mutual-high priorities (MHP) for protection of both ecosystem services and 
biodiversity; high priorities for protecting ecosystem services (ESP); high priorities for protecting 
biodiversity (BCP); and mutual-low priorities (MLP) for protecting both ecosystem services and 
biodiversity. White areas are not included in the analysis.  
 



Quantifying the contribution of organisms to ecosystem services 
 
Information on how ecosystem services are provided is limited.  Identifying the organisms and their 
characteristics that provide services is crucial to developing policies which will protect them. The 
European Commission RUBICODE project (www.rubicode.net) has developed a framework showing the 
steps that need to be undertaken to identify and quantify an ecosystem service (Figure 3).  The steps can 
be divided into three stages of analysis: (i) identify the human beneficiaries of the service and the 
biological organisms that provide it; (ii) quantify demand and supply of the service; and (iii) appraise the 
service value and implications for management and policy.  We need to know which sections of the 
human community use the service (known as the Ecosystem Service Beneficiaries; ESB) and at what 
level is it required, what components of the ecosystem provide the service (known as the Ecosystem 
Service Providers; ESP), and what characteristics of these components are required to provide the service 
at the desired level (termed the Service Providing Unit; SPU; Luck et al. 2008b). The relevant SPU 
characteristics which need quantifying depend on the service in question and the organism(s) that supply 
it and may include population size, distribution, diversity, behaviour or functional traits. The framework 
is applied to two case studies in Table 1 to illustrate its application. 
 
Information on how ecosystem service supply changes as the characteristics of SPUs change is 
fundamental to policy-makers and land managers who need to decide between trade-offs attached to 
different management strategies (e.g. protecting habitat for service providers vs. clearing a certain 
proportion for production). Indeed, it is this quantitative information that is of most value to policy-
makers and land managers because it facilitates specific rather than vague management guidelines, which 
ensure the sustainability of ecosystem services. 
   
 
 
1. IDENTIFICATION 
 
 
 
 
 
 
 
 
2. QUANTIFICATION 
 
 
 
 
 
 
 
 
 
 
3. APPRAISAL 
 
 
 
 
 
Figure 3: RUBICODE framework for the identification and quantification of an ecosystem service. 

Define the ecosystem service: 
• Identify the ecosystem service beneficiaries (ESB) 
• Identify the spatial and temporal scale of service delivery 
• Identify the ecosystem service providers (ESP) 

Quantify the ecosystem service demand: 
• Determine the net level of demand/need for the service 

Quantify the service providing unit (SPU): 
• Determine the characteristics of organisms necessary for 

service provision 
• Quantify the relationship between SPUs and service supply 
• Quantify the components of biodiversity that support the SPU 

Value the service as 
provided by the SPU 

Identify and value alternative 
ways of providing the service 

Evaluate options: 
• Compare valuations and examine trade-offs 
• Determine implications for biodiversity conservation, policy 

and sustainable livelihoods 

http://www.rubicode.net/�


C a s e  s t u d i e s  f o r  q u a n t i f y i n g  e c o s y s t e m  s e r v i c e s  

Service Nutrient and sediment regulation by riparian buffers Recreation in the Stockholm National Urban Park, Sweden 

Description Riparian vegetation (Figure 4) regulates the flow of water, nutrients 
and sediment from uplands to the stream through reducing surface 
runoff and promoting infiltration. It filters both surface runoff 
(nutrients, pollutants and sediment) and groundwater runoff 
(nutrients, pollutants). 

The Stockholm National Urban Park (Figure 5) is an oak forest which forms the 
largest green area in northern and eastern Stockholm. It is 26 km2 in area with 
a unique and well-known biodiversity with many rare species. The park is 
protected by law and the area has to be maintained in its natural state or at 
least essentially unchanged. 

Ecosystem Service 
Beneficiaries (ESB) 

General public The park is an important recreational area being the most visited urban park 
in Sweden by both locals and tourists. 

Ecosystem Service 
Providers (ESP) 

The multi-species-multi-zone riparian plant community (i.e. different 
trees, shrubs, herbs and grasses in the area, located in different 
zones of a sufficient width to provide the service). 

The oak forest provides a direct service to humanity. The Eurasian Jay 
(Garrulus glandarius; Figure 6) provides a seed dispersal service for the oaks. 
It collects and hides acorns during the autumn for later winter consumption at 
the ideal depth for germination (and reduced predation).  Such dispersal also 
enhances the gene pool of the oaks where 85% of the oaks are estimated to 
regenerate naturally.   

Quantification of 
the Service 
Providing Unit 
(SPU) 

The service depends on the number of constituent zones and the 
density and width of the buffer (e.g. 30 m of mixed riparian buffer 
removes 92-100 % of ground water nitrate and 5-20 m grass strips 
retain 40-100 % of sediments [Dosskey 2001]). 

Minimum species abundance is 12 pairs of jays for the park (the current jay 
population is estimated at 42 pairs). This results in the establishment of 
33,148 oak saplings per year (over a 14-year period), which is required for 
forest maintenance (Hougner et al. 2006). 

Valuation Calculation of replacement costs if the service were to be provided 
by conventional waste water treatment systems: Removal of NO3: 
15-30 € (E a)-1 (per person equivalent and year); removal of PO4: 1-3 
€ (E a)-1; removal of C, N and P together: 45-75 € (E a)-1 (figures 
based on Emscher Water Board, Ruhr Metropolitan Area, Germany). 

Alternatives to the service provided by the jays include humans actively 
seeding acorns, planting saplings and promoting natural regeneration through 
felling of trees and some sort of disturbance. Seeding methods would cost 
11,560 € per year, whilst planting by humans would cost 50,390 € per year.  
Thus the replacement cost of losing the jays would be 16,880 €/pair. 

Appraisal Restoration of riparian buffers is unavoidable to meet the demands 
of the Water Framework Directive, as there are no practical 
alternatives available. The lack of intact riparian buffer strips has 
severe negative implications for river water and habitat quality. Both 
nutrients and sediments also severely impact the riverine fauna and 
flora and may have additional implications at the landscape level. To 
meet a good ecological status of rivers, an extensive restoration of 
riparian areas along river ecosystems is necessary. 

There is widespread public support for the maintenance of the park. The park 
received formal status in 1995 and is now classified in the Swedish 
Environmental code as an area of national interest. New developments in the 
area are allowed but only if they can be carried out without intruding on the 
park landscape and without affecting negatively the natural and cultural 
values of the area. Continued investment in management that safeguards the 
jay population at a level suitable for the continued and successfully 
regeneration of oak forest in the Stockholm NUP is required. 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: In agricultural landscapes, mixed riparian buffers composed of trees and grass strips can effectively retain sediment from surface run-off 
and nutrients from the upper groundwater layer. Photo of River Nuthe in Brandenburg, Germany taken by Christian Feld. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Stockholm National Urban Park. Photo taken by Peter Schantz. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: The Eurasian Jay (Garrulus glandarius). – Josef was looking for a replacement 
for this photo as we can’t find out the copyright situation on this one. 
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