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Abstract 

Forests provide a variety of resources and benefits, but only a few such as timber are traded on markets. Ecosystem 

service valuation is a method to quantify the non-market benefits of forests in order to understand the full costs of 

forest management. This review goes through ecosystem service valuations of forests during the past 20 years; with a 

particular focus on spatial modeling of ecosystem services as well as the extent ecosystem services are included in 

forest sector models. The findings is that there is a huge variation in the values reported for similar ecosystem 

services, but that carbon sequestration, recreation in forests, and hydrological services such as watershed protection 

and flood prevention are the ecosystem services that consistently are valued highly in the reviewed studies. An 

increasing amount of studies are modeling ecosystem services spatially, but the only ecosystem service commonly 

included in forest sector models is carbon sequestration. 

Introduction 

Forests have long provided important resources and services for a variety of purposes. They give us building 

materials, paper, energy, food, recreation as well as a number of more intangible services such as carbon 

sequestration, nutrients cycling and water regulation. Because there are so many different goods and services that a 

forest can provide there are also opposing views on how the forest should be used. Most of the harvested round wood 

is used in the manufacturing of wood products and for pulp and paper, but there is an increasing interest to use the 

woody resources as an energy source and substitute for fossil fuels. At the same time, there are others interests that 

wish to see the forests preserved and turned into nature reserves. All of these interests are in conflict with each other 

to varying extent and it is impossible to satisfy all actors with an interest in the forest sector. However, finding a 

balance between the areas of utilization is important, not least for policy-makers but also for an efficient and 

effective forest management. 

 

Because of the number of opposing claims to forest resources, policy-makers have many aspects to take into 

consideration. This is especially true when policy-makers are considering the best use of forests from a societal 

perspective, which includes assessments of all types and sources of externalities. The concept of ecosystem services 

arose as a way to explain beneficial functions provided by ecosystems to the society. In this sense, several ecosystem 

services can be viewed as positive externalities. Ecosystem services include everything from products provided by 

ecosystems such as timber and fish, to regulatory services such as carbon sequestration to the utility provided by 

recreational walks in the nature. 

 

A particular complication when including ecosystem services in forest management is that many of the services are 

difficult to evaluate in monetary terms. Without proper evaluation, the benefits these services provide are easily 

overlooked. As a consequence, forest management decisions might be based on incomplete information and could 

thus do more damage than benefit. For example, decisions might have harmful effects because of reduction of 

important ecosystem services. Only by having an understanding of the value of all ecosystem service the forests 

provide, can an efficient and effective balance between the different uses of forest resources and services be 

achieved.  

 

Another important but often overlooked aspect of ecosystem services is their spatial allocation. For instance, a forest 

closer to an urban center may hold a higher recreational value than one further away and a remote old forest may 

have a higher value for biodiversity conservation compared to younger forests. The extent of ecosystem services 

provided, and their relative value, will often depend on the forests’ location and their geographical composition. 

There are many papers that value the ecosystem services of forests, but normally an aggregated value is given to the 

forest without taking into account the variations in its terrain. In order to extend the results of one ecosystem 

valuation study to other areas, the regions involved must have relatively similar characteristics for the comparison to 
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be valid. With a spatially explicit modeling of the ecosystem services, their characteristics and underlying properties 

as well as their evaluation, it is possible to isolate specific terrain types and characteristics. This makes it easier to 

make relevant value-transfers to other studies, at least with some of the ecosystem services and terrain features of the 

original study. 

 

For assessing different forest management regimes and forecasting policy effects, forest sector models are often 

used. Forest sector models attempts to incorporate the most relevant aspects of the sector which typically includes 

prices, supply and demand for different woody products and various other factors that capture the interactions 

between the actors. Forest sector models have been used for a variety of purposes, including valuation of ecosystem 

services. Most of these models have focused on carbon sequestration, but there has also been forest sector models 

designed to assess other areas such as the impact of deforestation on recreation or valuation on the preservation of 

biodiversity in old forests. However, while individual studies on ecosystem services have been done, there have been 

few attempts to integrate such assessments into more general forest sector models. A reason for this may be the 

differences between forest ecosystem services in different areas, making detailed geographical modeling necessary to 

draw conclusions from the benefits provided by the services. 

 

The purpose of this paper is to review the valuation of forest ecosystem services and find which services that are 

most significant and how they have been valued. Since many forest ecosystem services depend on local geographical 

properties, the purpose also includes a review and discussion on how a spatial dimension has been integrated in 

forest ecosystem valuation. Further, there will be a review on how ecosystem services and their value have been 

integrated into forest sector models and identify avenues of future research efforts. 

 

The paper continues by briefly addressing valuation of ecosystem services, in general, and on forest ecosystem 

services, in particular, as well as on the methodology of forest sector models. The literature review and analysis are 

split into three parts, where the first part focuses on the general valuation of forest ecosystem services. The second 

part focuses on the spatial aspect of ecosystem service valuation and the third part on the inclusion of ecosystem 

service valuation in forest sector models. The paper ends with a discussion on possible future research avenues and 

conclusions. 

Background 

2.1 Ecosystem Services 

The term ecosystem service was first used in the late seventies and early eighties, though the concept of nature’s 

value to society has been addressed much earlier. An ecosystem service is defined as a function in an ecosystem that 

directly or indirectly offers a benefit for society. It is therefore an anthropocentric term unlike the more general 

ecosystem function, and the idea behind the concept is to concretize and valuate nature functions that are important 

but not traditionally considered in decision-making. The values estimated for these services could be used in cost-

benefit analysis and weighted against the benefits of exploiting the ecosystem in question (Gomez-Baggethun et al. 

2010). Though there was studies in the 1970s and 1980s that framed ecological functions in economic terms, the 

concept of ecosystem services did not gain widespread popularity until the late 1990’s and early 2000s. An important 

study is the study by Costanza et al. (1997) which attempted to assign a value on all the world’s ecosystems. 

 

Another significant contribution was the UN-sponsored Millennium Ecosystem Assessment published 2005 (MEA, 

2005). It detailed the loss of ecosystem services that human activity has caused, as well as provided a framework for 

the valuation of these services. In the MEA four categories of ecosystem services are defined: support, provisioning, 

regulating and cultural services. Supporting services are ecosystem services necessary for other ecosystem services 

to function, and as such they are rarely measured directly. Provisioning implies the products obtained from 

ecosystems for human consumption. Regulatory services include a wide variety of functions that has positive effects 

for society, but that are not generally traded, such as soil nutrients cycling or the regulation of atmospheric gases. 

Cultural services include recreation, education, as well as spiritual and historical values derived from ecosystems. 

 

For forest ecosystems, the primary provisioning is typically timber, but also the provision of game, berries, 

mushrooms and other non-timber forest products (NTFP). There is a wide range of regulatory services including 

hydrological services such as water supply and flood protection or soil formation and erosion prevention. Forests 

provide oxygen and sequester carbon dioxide as well as other emissions and improve air quality. Ecological 



functions such as pollination and habits for animals can also be considered forest ecosystem services. Forests also 

provide a wide range of cultural services as many people enjoy recreation in forests, and in some cases people travel 

far for particularly beautiful landscapes (Stenger et al. 2009). Which forest ecosystem services that are the most 

valuable is difficult to answer.  de Groot et al. (2012) updated the global estimates of Costanza et al. (1997) and 

presented the estimated values of all relevant services per ecosystem type. Recreation was estimated as a far more 

valuable service than the provision of wood and most regulating ecosystem services for temperate forests. 

Hydrological and climate regulating services were valued higher for tropical forests however. Their estimates for 

forest ecosystem services can be seen in Table 1. These values are based on aggregate willingness to pay (WTP) 

measures and represent a rough global average, which may not be meaningful for applications to regional studies on 

ecosystem services. 

 

Table 1 – Summary of monetary values for forest ecosystem services 

(Values in Int.$/ha/year, 2007 price levels). 
 Temperate forest 

Provisioning services: Food 299 

Provisioning services: Water 191 

Provisioning services: Raw materials 181 

Regulating services: Climate regulation 152 

Regulating services: Waste treatment 7 

Regulating services: Erosion prevention 5 

Regulating services: Nutrient cycling 93 

Regulating services: Biological control 235 

Habitat services: Genetic diversity 862 

Cultural services: Recreation 989 

Cultural services: Cognitive development 1 

Total economic value 3013 

Source: de Groot et al. (2012) 

2.2 Valuation of Ecosystem Services 

Since ecosystems are complex and it is difficult to estimate the exact effects of the loss of forestland or other 

ecosystems, it is difficult to find realistic estimations on the value of ecosystem services. This is further complicated 

by the fact that some ecosystems lack a direct-use value, but there is nonetheless an interest in preserving them. 

Costanza et al. (1997) estimated the value of the world’s ecosystems at around 33 trillion USD per year, which was 

almost twice as high as the global GDP. The authors applied an aggregated approach where a value was assigned to 

an ecosystem type and this was multiplied by the total land coverage of this ecosystem. However, their methodology 

has been criticized for technical reasons such as the prevalence of double counting and the unclear indications of 

mixing stated preference and replacement cost values. Toman (1998) argues against measuring a total value for 

ecosystem services because it does not provide useful information for policy makers and may even give the 

implication that all natural environments warrant the same level of protection. Ecosystem valuations should instead 

be context-specific and estimate the opportunity costs for ecosystem protection for specific nature areas subject to 

development. 

 

Further complicating the valuation of ecosystem services is the fact that the spatial scale of the services varies 

greatly. Some services are mainly relevant in the local landscape such as soil conservation. Others however, such as 

flood protection have large-scale regional benefits, and others still such as carbon sequestration offers benefits on a 

global level. The spatial aspect becomes more important for ecosystem services with small spatial scales or when 

measuring services with different spatial scales. Furthermore, many ecosystem services are not uniformly distributed 

in the landscape and may depend on factors such as proximity to lakes or distance to settlements. Valuations of 

ecosystem services therefore need to consider the spatial scales of the ecosystem services being measured and how to 

measure the benefits to stakeholders on different scales. Because of the interdependence of different ecosystem 

services, an aggregation of the services over too large geographic area has a higher risk of double counting the 

benefits of the services when measuring several ecosystem services at once (Fu et al. 2011). However, in practice 

many studies rely on aggregated measures such as the average supply of ecosystem services for an area of land.  

 



2.3 Forest Sector Modeling 

A forest sector model is an economic model for measuring the interactions between forestry and the forest industry, 

as well as other actors that are considered relevant. They are commonly applied for purpose of policy analysis and 

for predicting the future markets for forest products. In forest sector modeling, the use of partial equilibrium models 

has been a common approach. Partial equilibrium models is based on a methodology developed by Samuelson 

(1952). Partial equilibrium models studies specific sectors of an economy, i.e., forest industries, while treating other 

sectors as exogenous. Thus, implicitly they assume that the sector being studied does not affect the rest of the 

economy (though the general state of the economy can still influence the sector). Partial equilibrium models can be 

used to simulate the consequences on the studied sectors of changes in e.g., forest management.  

 

There has been a wide range of forest sector models using a partial equilibrium method, covering topics such as 

climate change, technological development or trade barriers. The factors included in the models therefore also vary 

greatly, as does the level of detail for the forest assortments and services and whether they allow for land use 

changes. The method for partial equilibrium models has seen a lot of development and can be divided into two 

categories: Inter-temporal optimization models and recursive dynamic models. Recursive dynamic models optimize 

for a single time period at a time, indicating that there is no foresight by the actors in the market. Inter-temporal 

optimization models optimize for all time periods simultaneously, meaning that the actors instead will have perfect 

foresight. 

Methods 

This review has three focus areas. Firstly, it will assess non-timber forest ecosystem services and determine the most 

commonly analyzed ones in valuation studies. In addition, the review will find which ecological or geographical 

qualities that is associated with the commonly analyzed ecosystem. Secondly, it will assess to which extent the 

spatial dimension is considered in forest ecosystem service valuations. Lastly, it will analyze forest sector models 

that include ecosystem services, identify the ecosystem services included and whether the services are explicitly 

spatially modeled or aggregated.  

 

The review is taking into account peer-reviewed journal articles in English during the last 20 years (1997-2016), and 

uses the Web of Science database as primary source, with complementary searches in Scopus. In order to make sure 

that the coverage of valuation studies is extensive, the TEEB database
1
 of ecosystem services has been accessed for 

the first part of the review where the monetary value of forest ecosystem services are assessed. The initial screening 

of ecosystem valuations uses the search terms “ecosystem services” or “environmental benefits” combined with 

“forests” and “valuation” or “payment” or “economic”.  For the review of spatial modeling, the search terms used 

include “ecosystem services” or “environmental benefits” and “forests” combined with “spatial”, “GIS” or 

“mapping”, as well as some variations of these terms. Studies that do not explicitly include forests are not included, 

nor are studies that do not attempt to put an economic value on ecosystem services. Citations by identified studies are 

also taken into account. A few key articles were identified and the articles they were cited were also examined.  

 

The third part of the review uses the search terms “forest sector model” or “partial equilibrium model” combined 

with terms such as “ecosystem services”, “carbon sequestration” “recreation” “non-use values” and “conservation”. 

The extent these articles include valuation of ecosystem services, and if ecosystem services are modeled spatially are 

taken into account. Another point of interest is whether the valuation of ecosystem services was the primary purpose 

of the article, or if it has been included as an aspect of a broader model. In order to identify studies that did not have 

ecosystem services as their main topic but nevertheless might have relevant insights, a general search on “forest 

sector model” is also done. For this reason, two review papers by Toppinen and Kuuluvainen (2010) and Latta et al. 

(2013) are also included in order not to miss any forest sector models where ecosystem services are included.  

Results 

4.1 Forest Ecosystem Services 

In the review of ecosystem valuations for forests 76 original publications were identified in which a total of 159 

ecosystem services were valued. Only publications using original valuations were included for this section of the 

                                                           
1
 The TEEB Valuation Database – a searchable database of 1310 estimates of monetary values of ecosystem services 

- http://es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/ 



review in order to avoid double counting. Some studies used value transfer from other valuation studies and were 

therefore excluded. Timber as a provisioning ecosystem service was also excluded from the review, as the focus is 

on ecosystem services that are not directly traded. Studies that differentiated based on vegetation cover or other 

factors were only counted once. The results from the studies are presented as the yearly value of the ecosystem 

service per hectare of forest, and the values have been converted to 2015 US dollars.  

 

Of the 159 ecosystem services included, almost half (72) have been valued with either avoided cost or replacement 

cost methods. Avoided cost measures the societal costs that are avoided by the presence of the ecosystem service. 

For instance the damage from a flood that may have occurred had a forest not been present. Similarly, replacement 

costs measures the cost of replacing the ecosystem service through other means, such as the construction of a dam to 

compensate for the loss of rainfall interception from a forest. Both of these methods assume that there is measurable 

direct or indirect use values associated with the ecosystem service. For ecosystem services where use values are less 

clear or non-use values are dominant, stated preference or revealed preference methods can be used. Stated 

preference means that people are asked directly about their willingness to pay for the preservation of an ecosystem or 

an ecosystem service, usually in the form of a survey. There are 21 ecosystem services in the review sample valued 

with stated preference; practically all of them are associated with cultural values. Revealed preference means that 

people’s willingness to pay for an ecosystem service is approximated by observing their consumption of a good or 

service associated with the ecosystem service. The two most common revealed preference methods are travel cost 

and hedonic pricing. Four ecosystem services in the review sample have been valued with the travel cost method, 

and only one with hedonic pricing.  

 

Of the ecosystem services included in the sample, 74% are regulatory ecosystem services. Of these regulatory 

services, three categories stand out in particular: hydrological services, soil protection and gas regulation. 

Hydrological services covers a range of hydrological benefits that forests provide, but the most significant ones 

based on their frequency and valuation are rainfall interception, which provides water conservation in the soil and 

protection from floods, as well as watershed protection and purification of fresh water. Soil protection services 

include the cycling of nutrients in the soil and the prevention of soil erosion. Gas regulation most notably includes 

the sequestration of carbon dioxide (CO
2
) by trees and other plants, but also the regulation of sulfur dioxide (SO

2
) 

and particles in the air. 

4.1.1 – Hydrological Services 

Water conservation and flood protection was valued in a number of studies, mainly by measuring the amount of 

rainfall interception the forest vegetation and soil provided, and then comparing this to the costs of flood preventing 

measures or the potential damages of flooding(Li et al. 2006). By far the highest values were reported by Ninan and 

Inoue (2013) who used the costs of a Japanese dam construction to get a measure of the flood protection benefits of a 

forest reserve. High values were also reported by Barth and Döll (2016) who assessed the flood protection values of 

a riparian forest adjacent to a city in Germany. Zhang et al. (2010) valued the hydrological services in urban and 

peri-urban forests of Beijing, China also reported high values compares to the rest of the studies. Considerably lower 

values were found for water conservation and flood protection in sparsely populated areas. A forest’s ability to 

intercept rainfall and soak up water depends on the thickness of its vegetation and the studies that differentiated the 

terrain based on vegetation type found considerably different values for the ecosystem service (Li et al. 2006; 

Mashayekhi et al. 2010). Two studies that covered mountainous forests in Switzerland also included the value of 

forests in preventing avalanches. In both cases the estimated values were high (US$1,600 and US$16,000 per ha) but 

the value per hectare will likely diminish quickly for larger forests. 

 

Table 2 – Water Conservation and flood protection services 
Ecosystem type Country Valuation Method Size of 

area (ha) 

Value/ha/yr Source 

Riparian forest (chick-weed-oak-hornbeam 

forest) Adjacent to city 

Germany Avoided cost 604 $4,772 Barth and Döll 

(2016) 

Tropical rain forest in national park Indonesia Avoided cost 1625000 $78 van Beukering et 
al. (2003) 

Mountainous forest in warm climate (thick 

forest) 

Iran Replacement cost 64000 $47 Mashayekhi et al. 

(2010) 

Mountainous forest in warm climate (thinly 
scattered forest) 

Iran Replacement cost 64000 $17 Mashayekhi et al. 
(2010) 

Tropical rain forest in region with significant 

agriculture and drought conditions 

Indonesia OLS 32000 $26 Pattanayak and 

Butry (2005) 



Coniferous, shrub, and broadleaf forest near 
major metropolitan area 

China Replacement cost 917507 $452 Zhang et al. 
(2010) 

Broadleaf dominated forest reserve Japan Market price 83890 $17,005 Ninan and Inoue 

(2013) 

Mountainous forest biosphere reserve China Replacement cost 167081 $156 Xue and Tisdell 
(2001) 

Temperate deciduous broadleaf forest China Replacement cost 

(Based on WTP) 

2495999 $49 Li et al. (2006) 

Temperate coniferous forest China Replacement cost 
(Based on WTP) 

201082 $48 Li et al. (2006) 

Varied forest ecosystems in riparian area China Direct market 

pricing 

107000 $6 Guo et al. (2001) 

Tropical forest in biodiversity hotspot India Avoided cost 64339 $3 Ninan and 
Kontoleon (2016) 

 

For hydrological services related to freshwater supply and watershed protection, most of the reported values are 

around $100/ha or lower, but three studies report significantly higher values. Kaiser and Roumasset (2002) value the 

freshwater provision provided by forests on Hawaii and report high values due to the scarcity of fresh water on 

Hawaii. Honey-Roses et al. (2013) and Ko et al. (2004) estimated the value of water purification from riparian 

forests and forested wetlands respectively and reported high values. Notably both of forested areas in these studies 

where small (115 and 1475 ha) compared to the other studies. Generally, it can be expected that in areas where fresh 

water is scarce, these ecosystem services will be valued higher. Where demand for fresh water is higher the value 

given to the ecosystem service is also higher, and is therefore influenced by proximity of settlements or agricultural 

lands. As with all valuation studies it is affected by the incomes and price levels of the study area. One reason for the 

low per hectare values for some of these studies may be due to diminishing benefits by forest size and that only the 

vegetation close to the watersheds provides the beneficial function (Kramer et al. 1997; Xie et al. 2010; Honey-Roses 

et al. 2013). 

 

Table 3 – Freshwater supply and watershed protection 
Ecosystem type Country Valuation Method Size of area 

(ha 

Value/ha/yr Source  

Boreal coniferous forest Canada Market price  $0.06 Anielski (2005) 

National park in tropical 

forest with high rainfall.  

Costa Rica Replacement cost 58323 $4 Bernard et al. 

(2009) 

Mediterranean forests Southern Mediterranean Replacement cost  $95 Croitoru (2007) 

Wet tropics bioregion Australia Direct market pricing 894400 $10 Curtis (2004) 

Temperate forest Portugal Replacement cost  $22 de la Cruz and 

Benedicto (2009) 

Restoration of riparian 

forest near watershed 

Spain Replacement cost 115 $3,259 Honey-Roses et al. 

(2013) 

Highland tropical forest 

near mountains 

USA (Hawaii) Replacement cost 39562 $1,349 Kaiser and 

Roumasset (2002) 

Forested wetlands near 

urban area 

USA Replacement cost 1475 $3,511 Ko et al. (2004) 

National park in tropical 

rain forest 

Madagascar Avoided cost 26787 $1 Kramer et al. 

(1997) 

Dry temperate coniferous 

forest near urban area 

USA Contingent Valuation 14366 $93 Mueller (2014) 

Temperate forest Chile Replacement cost  $77 Nunez et al. 

(2006) 

Tropical rain forest in 

national park 

Indonesia Avoided cost 1625000 $119 van Beukering et 

al. (2003) 

Tropical forests in 

Malaysian state of Perak 

Malaysia Replacement cost  $17 Vincent et al. 

(2016) 

Coniferous, shrub, and 

broadleaf forest near 

major metropolitan area 

China Replacement cost 1050000 $48 Xie et al. (2010) 

 

4.1.2 – Soil Protection 

For soil protection benefits of forests, there are a few ecosystem services that are commonly measured, the nutrients 

cycling of forest soil and the protection from soil erosion that forests provide. Nutrients cycling is only included in a 



few studies and is typically based on the price of fertilizer, and the values estimated in these studies are generally low 

($6-$66 /ha). Nutrients cycling is however valued very high in wetlands, including forested wetlands. The prevention 

of soil erosion is usually measured as the estimated soil loss or reduction in soil quality multiplied by a measure of 

land price. The value for the ecosystem service is therefore high in areas where land prices are high, but it is also 

higher in tropical rain forests because the expected loss in soil quality would be high, were the forest to be 

removed(Xue and Tisdell 2001; Curtis 2004; Ninan and Kontoleon 2016). 

 

Table 4 – Soil Protection and erosion prevention 
Ecosystem type Country Valuation 

Method 

Size of area Value per ha & 

year 

Source 

Varied forest ecosystems in 
riparian area 

China Replaceme
nt cost 

107000 $502 Guo et al. (2001) 

Lakeside forest in metropolitan 

area of dry region 

USA Hedonic 

pricing 

538 $251 Yoo et al. (2014) 

Coniferous, shrub, and broadleaf 
forest near major metropolitan area 

China Replaceme
nt cost 

1050000 $20 Xie et al. (2010) 

Tropical rain forest in national park Indonesia Avoided 

cost 

1625000 $62 van Beukering et al. (2003) 

Vegetative buffer strips in 
agricultural lands near wetland 

USA 
(California) 

Avoided 
cost 

1 acre per 35 
acres farmland 

$1,360 Rein (1999) 

Wet tropics bioregion Australia Market 

price 

894400 $23 Curtis (2004) 

Temperate deciduous broadleaf 
forest 

China Avoided 
cost 

2495999 $82 Li et al. (2006) 

Mountainous forest biosphere 

reserve 

China Avoided 

cost 

167081 $2 Xue and Tisdell (2001) 

Tropical forest in biodiversity 
hotspot 

India Avoided 
cost 

64339 $2,052 Ninan and Kontoleon (2016) 

 

4.1.3 – Gas Regulation 

Studies that include ecosystem services for air quality improvement are typically based on urban or peri-urban 

forests. Air quality improvements are more highly valued in areas where people live as well as where there are high 

levels of pollution. The absorption of ozone or fine particles is not economically relevant for forests in remote areas 

where there are few people or little pollution. The valuation for air quality improvement are either based on the costs 

for emission reductions through industrial means or the estimated economic costs of the emissions, typically based 

on calculations by the authorities of the area being studied.(Xie et al. 2010; Ninan and Inoue 2013; Manes et al. 

2016)   

 

Table 5– Air Quality Regulation 
Ecosystem service 

valued 

Ecosystem type Country Valuation 

Method 

Size of 

Area 

Value per ha & 

year 

Source 

Dust retention Coniferous, shrub, and 
broadleaf forest near major 

metropolitan area 

China Replacement 
cost 

1050000 $420 Xie et al. (2010) 

NO2 absorption Broadleaf dominated forest Japan Replacement 

cost 

83890 $222 Ninan and Inoue 

(2013) 

NOX Absorption Urban forest China Marginal cost 7360 $0.5 Jim and Chen (2009) 

NOX absorption Coniferous, shrub, and 
broadleaf forest near major 

metropolitan area 

China Replacement 
cost 

1050000 $0.3 Xie et al. (2010) 

Ozone absorption Urban forest Italy Median 
externality 

values 

840507 $353 Manes et al. (2016) 

Particle absorption Urban forest China Marginal cost  7360 $1 Jim and Chen (2009) 

PM10 absorption Urban forest Italy Median 

externality 

values 

840507 $56 Manes et al. (2016) 

SO2 absorption Urban forest China Marginal cost 7360 $1 Jim and Chen (2009) 

SO2 absorption Broadleaf dominated forest Japan Replacement 

cost 

83890 $34 Ninan and Inoue 

(2013) 



SO2 absorption Coniferous, shrub, and 
broadleaf forest near major 

metropolitan area 

China Replacement 
cost 

1050000 $6 Xie et al. (2010) 

SO2 absorption Mountainous forest China Avoided cost 167081 $15 Xue and Tisdell 
(2001) 

Air quality regulation Urban forest Czech 

Republic 

Avoided cost 4950 $22 Hájek and Lípa 

(2015) 

Air quality regulation 
(capturing fine 

particles) 

Wet tropics bioregion Australia Direct market 
pricing 

894400 $12 Curtis (2004) 

 

Carbon sequestration is commonly included in forest ecosystem service valuation, and refers to the carbon dioxide 

sequestered by trees and other plants from the atmosphere. The value of carbon sequestration is easier to measure 

than that of other ecosystem services and it is almost always done by multiplying the expect amount of carbon 

sequestered of a forest area by an existent or hypothetical carbon price or tax level. In some cases only the total 

carbon stock of forests were measured rather than the annual flow, but these were excluded. In order to make the 

results more easily comparable, and because of the global characteristics of carbon dioxide emissions, the values 

from the reviewed studies have been adjusted to a carbon price level of 25 US dollars per metric ton of carbon 

dioxide. Even with this adjustment however, there is considerable variation in the pricing of carbon in the various 

studies. Ranging from $11 to $12,000 per hectare, it implies a huge variation in the carbon sequestration of forests or 

in the modeling of the sequestration. Notably, Zhang et al. (2006) estimates the daily per hectare uptake of a forest to 

be 0.9 tons of CO
2
 while Brainard et al. (2009) estimates the yearly uptake (including soil) of a species of spruce to 

be 3.48 tons of CO
2
/ha. (Li et al. 2006; Jim and Chen 2009; Birch et al. 2010). 

 

Table 6– Carbon Sequestration 
Ecosystem type Country Size of 

Area 

Value per ha & 

year - $25 per tC 

Source 

Broadleaved trees and Korean pine China 65836 $310 Xue and Tisdell 

(2001) 

Fir and spruce China 80296 $206 Xue and Tisdell 

(2001) 

Dryland forest in tropical region Mexico  $11 Birch et al. (2010) 

Yearly uptake of Sitka Spruce, including soil Britain  $87 Brainard et al. (2009) 

Tropical forest Costa Rica  $235 Bulte et al. (2002) 

Mediterranean forests Croatia, Slovenia  $32 Croitoru (2007) 

Alpine forest near urban area Switzerland 4499 $288 Gret-Regamey et al. 
(2013) 

Varied forest ecosystems in riparian area China 107000 $54 Guo et al. (2001) 

Mainly coniferous forests Sweden  $41 Hansen and Malmaeus 

(2016) 

Mountainous forest Italy 39970 $126 Häyhä et al. (2015) 

Subtropical coniferous forest China 516386 $635 Li et al. (2006) 

Temperate coniferous forest China 201082 $447 Li et al. (2006) 

Afforestation of agricultural lands USA 99471573 $50 Nielsen et al. (2014) 

Japanese Beech Japan 38254 $52 Ninan and Inoue 

(2013) 

Tropical forest in biodiversity hotspot India 64339 $15 Ninan and Kontoleon 
(2016) 

Coniferous, shrub, and broadleaf forest near major 

metropolitan area 

China 1050000 $385 Xie et al. (2010) 

Forests in urban area China 2789 $12,004 Zhang et al. (2006) 

 

4.1.3 – Cultural Services 

Cultural services include recreation as well as more abstract values such as scenic views, and also ties into 

provisioning to an extent due to non-commercial harvesting of berries and mushrooms and other resources. A few 

studies included berry and mushroom gathering or hunting, but the values reported were low. Only recreation was 



widely included in the studies found by this review. In most cases recreation was valued through contingent 

valuation surveys, but a few used the travel cost method. There is large variation in the values reported, though 

expectedly recreation is generally valued more highly in high income than low income countries. The studies that use 

the travel cost method all report high values compared to the ones that use stated preference surveys and people 

report their willingness to pay for recreation. 

 

Table 7– Recreation 
Ecosystem type Country Valuation Method Size of Area Value per ha & year Source 

Tropical forest Uganda Contingent valuation  $1 Naidoo and 
Ricketts (2006) 

Tropical forest with high 

rainfall. National park 

Costa Rica Based on consumer spending. 

Minimum estimate. 

58323 $12 Bernard et al. 

(2009) 

Mediterranean forest Mediterranean 
countries 

Contingent valuation  $115 Croitoru (2007) 

Wet tropics bioregion Australia Market prices 894400 $4 Curtis (2004) 

Alpine forest near urban area Switzerland Travel cost 4499 $2,564 Gret-Regamey 

et al. (2013) 

Urban forest Czech 
Republic 

Calculated based on number 
of visits 

4950 $317 Hájek and Lípa 
(2015) 

Temperate to arctic forests Finland Contingent valuation  $29 Matero and 

Saastamoinen 
(2007) 

Broadleaf dominated forest 

reserve 

Japan Market price 83890 $154 Ninan and 

Inoue (2013) 

Tropical forest in 
biodiversity hotspot 

India Avoided cost 64339 $6 Ninan and 
Kontoleon 

(2016) 

All forests in Denmark 

larger than 100ha 

Denmark Travel cost 4292500 $65 Termansen et 

al. (2013) 

Boreal coniferous forest Sweden Contingent valuation 3200000 $10 Bostedt and 

Mattson (2006) 

 

4.1.3 – Biodiversity 

A concept often mentioned in the context of ecosystem services is biodiversity, given that the reductions of 

ecosystem services would lead to a decrease in biodiversity. However, biodiversity is difficult to measure and the 

preservation of biodiversity ties into both regulatory, provisioning and cultural services depending on the ecological 

importance of the species that are being threatened and the reasons for wanting to preserve them. Four studies were 

found that tried to measure biodiversity in monetary terms. The value of preserving the habitat for a single species of 

grouse was estimated by Gret-Regamey et al. (2013), where areas suitable as habitats for the species where identified 

and quantified based on the costs for establishing new equivalent habitats, which led to a value of $55/ha. In a study 

by van Beukering et al. (2003) the value of biodiversity in a national park in Indonesia, was measured based on the 

amount of research funding spent on research in the park. This resulted in a value of $19/ha, which the authors 

considered a minimum estimate of the value of biodiversity. Xie et al. (2010) applies a method for biodiversity 

valuation developed by the Chinese state department, which is based on the number of plant and animal species 

preserved, and their results is a value of $177/ha. Cerda et al. (2014) performed a choice experiment to estimate the 

WTP of the residents of an island in southern Chile for the preservation of the island’s biodiversity. This resulted in 

an aggregate WTP of $17.6 million, with a per hectare value of roughly $1.48 if the forests of the whole island are 

preserved. Though not directly a measure of biodiversity, Amirnejad et al. (2006) estimated the existence value of 

the forests of Iran through a contingent valuation survey, which resulted in a value of $240/ha.  

4.2 Spatial Modeling  

A large number of studies with spatial mapping of ecosystem services have been identified, but most of them did not 

include economic valuation of the services. 24 studies were identified that include both spatial mapping and 

economic valuation and most (79%) of those studies were published during the last ten years and 33% during the last 

five years. No studies done in the 90’s were found. Nine of the studies were published in “Ecological Economics” 

and two in “Forest Policy and Economics”. Other journals include “Ecosystem Services”, “American Journal of 

Agricultural Economics”, “Land Use Policy” and “Journal of Forest Economics”, but none had more than one 

reviewed study published in them.  



 

In total, 49 ecosystem services were covered by the 24 studies included in the spatial review. Of the ecosystem 

services, 19 were provisioning services (such as timber) valued by market prices and included in seven of the studies. 

Twelve were cultural services (such as recreation and tourism) and included in nine of the studies. Twelve 

hydrological services were evaluated. Six studies included carbon sequestration and only one included soil protection 

services. In general there was a focus on provisioning services or other ecosystem services with direct use values 

(such as tourism) , rather than ecosystem services with significant non-use values that are harder to measure. Most of 

the studies used a similar approach where maps from geographic information systems (GIS) were applied to the area 

being studied and divided the area into sub-areas based on terrain type (light/dense forest, lake) and other factors that 

may affect the supply of ecosystem services (Chen et al. 2009; Birch et al. 2010). Rather than categorizing the 

terrain, some studies use the GIS data to estimate the thickness of vegetation and calculate the supply of ecosystem 

services tied to forest biomass based on this (Felardo and Lippitt 2016).  

 

Seven of the studies focus primarily on hydrological services. Two studies were done on the value of forests in 

regulating the water flow for hydropower plants (Guo et al. 2000; Nguyen et al. 2013) . The value of the ecosystem 

service was found by estimating the amount of increased water flow and decreased sediment accumulation provided 

by forests and its benefit to the hydropower plants and multiplying this by the price of electricity. Both studies find 

high values for the hydrological services, and Guo et al. (2000) estimated the value of the service to be around 42% 

of the value of forestry in the region. Another study, by Zhang et al. (2010) values the hydrological services of the 

forests surrounding the Chinese city Beijing focusing primarily on rainfall interception and flood protection. Their 

results indicate that the slope of forest area is an important indication of how the forest affects water flows and that 

the per hectare value of hydrological services is higher for flatland forests. The other two studies, by Pattanayak and 

Butry (2005) and Mashayekhi et al. (2010) both uses spatial models to value the hydrological ecosystem services of 

forests and their impact on agriculture, in regions of Indonesia and Iran respectively. Pattanayak and Butry (2005) 

based the valuation on the cost of farm labor as a complement for the ecosystem service, while Mashayekhi et al. 

(2010) based it on the costs of constructing a dam to replace the hydrological services. Four other of the studies 

measured the value of hydrological services alongside other ecosystem services; in these cases the hydrological 

services were valued through similar applications of the replacement cost method. 

 

Carbon sequestration was valued in five of the spatially explicit studies where Deng et al. (2011) focus on carbon 

sequestration exclusively. They calculated carbon sequestering in forests and carbon stock in the soil based on 

vegetation and soil type, including five different vegetation types and 24 different soil types. The other studies 

focused on carbon flow from forest biomass only, but differentiates based on vegetation type and thickness of 

vegetation. One study, by Manes et al. (2016) included other gas regulation services, specifically the removal of O
3
 

and small particles by forest areas in and surrounding Italian metropolitan areas. This was done by mapping the 

prevalence of different vegetation types and estimating their ability to absorb the pollutants. (Gret-Regamey et al. 

2013; Felardo and Lippitt 2016).  

 

For the cultural ecosystem services that were included, five were from studies that exclusively looked at recreation 

from a spatial aspect, and the other four covered both cultural and other kinds of ecosystem services. Four of the 

studies focused on recreation applied the travel cost method for valuation, and the third applied value transfer from 

other studies that used the travel cost method and used spatial modeling to make the valuations from other studies 

applicable to new areas (Englin et al. 2006; Bujosa Bestard and Riera Font 2009; Baerenklau et al. 2010; Cullinan et 

al. 2011; Termansen et al. 2013). The other studies that included valuation of cultural ecosystem services focused 

mainly on tourism and used market prices to directly value tourist visits to forests (Chen et al. 2009; Birch et al. 

2010). 

 

Troy and Wilson (2006) develops a framework for the future spatial valuations of ecosystem services through 

integrating GIS imagery with economic models. A similar framework is also developed by Chen et al. (2009) as part 

of their study. In the study by Troy and Wilson (2006) their framework is applied to three different ecosystems in the 

US where in each study area the ecosystem services for 10-20 (depending on area) terrain types are calculated. They 

mainly use value transfer from earlier studies for the valuation of the terrain types. Their estimation is that an 

average coniferous forest would have a value of $993
2
per hectare and a mixed forest marginally higher. Old growth 

forests and habitat for threatened species were valued at around $1200/ha, while riparian forests and wetlands were 

                                                           
2
 Their results have here been converted to 2015 dollars 



valued much higher at $10600/ha and $13300/ha. Bodies of fresh water were also valued highly at around $8750/ha. 

These values can be compared to the revised global values derived by de Groot et al. (2012) who valued temperate 

forests at $3013/ha, and wetlands at $25682/ha or $193845/ha for inland respectively coastal wetlands. However, not 

all terrain types included by Troy and Wilson (2006) could be thoroughly mapped, as the authors found a lack of 

previous valuation studies that could be applied for many of the terrain types.  

 

4.3 Forest Sector Models 

In the review of forest sector models, it was found that the most commonly assessed non-market based ecosystem 

service is carbon sequestration, and no models that include other regulatory ecosystem services were found. Thirteen 

studies were found that included the carbon sequestration of forests. Of these, three were published in the “Journal of 

Forest Economics” and two in “Forest Ecology and Management”. No other journal had more than a single reviewed 

study published in them.  The focus of the reviewed studies varies; a few of them analyze the assumption of carbon 

neutrality of biofuels when carbon sequestration is taken into account. Sedjo and Tian (2012) assesses whether 

increased production of bioenergy from forests lead to lower amounts of carbon stored in the forests. Their results 

suggest that in the long-run carbon stocks in forests would increase even with a significant increase in the demand 

for biomass from the energy sector. Lecocq et al. (2011) compares the environmental benefits between using forests 

as carbon sinks and using them for biofuels. Their finding is that the carbon sink scenario achieves the best outcome 

in terms of net carbon emissions, but that it may not be politically feasible as it lowers consumer and supplier 

surplus. They note that scenario where the two uses are mixed does not necessarily achieve a better outcome, given 

the potentially conflicting incentives given to wood suppliers. 

 

Other papers applying a partial equilibrium model include Cunha-e-Sa et al. (2013), which examines the potential of 

using forests as carbon sinks and mainly focuses on which carbon accounting mechanisms are best used to achieve 

such an outcome, and Sathaye et al. (2006) examines the demand for carbon sequestration under different global 

carbon prices. Some studies focus on the costs of compensating forest-owners for sequestrated carbon. Newell & 

Stavins (2000) finds that it is significantly more expensive to achieve carbon sequestration through afforestation 

compared to through decreased deforestation. This indicates that general payments for carbon sequestration would be 

inefficient. A similar conclusion is found by Latta et al. (2011) who argues that a decrease in net carbon emissions 

can be found at considerably lower cost by changes in forest management of existing forests than by afforestation 

policies. Michetti and Rosa (2012) studies the effects of a EU-wide policy of payments for carbon sequestration and 

finds that while it would increase forest conservation in the EU, the increased timber prices would result in higher 

imports and increased deforestation in developing countries instead. Another finding is that there are large 

differences between deforestation of old forests and the cultivation of forests specifically for energy purposes. The 

former being more profitable and desirable for firms to harvest, but also incurs higher costs in terms of released 

carbon, as well as potentially the loss of other ecosystem services (Kallio et al. 2008).  

 

Beside carbon sequestration, the only other ecosystem service included in the reviewed papers is biodiversity. 

However, biodiversity or related ecosystem functions are typically not given an economic value in the studies. 

Rather, it is the costs of preserving or restoring forests that is considered, with preservation of biodiversity or other 

ecological values treated as a given policy goal. Eight such studies were found, one of which also includes the 

economic value of carbon sequestration due to increased forest conservation.  Kallio et al. (2008) analyzes the effect 

of increased forest conservation in Finland on the forest industry and finds that the land most likely to be voluntarily 

offered by forest-owners is typically land with low biodiversity and little value for conservation. However, by 

optimizing for both conservation and harvesting, they find it more valuable to leave land with high biodiversity for 

conservation and old forests with average biodiversity for harvesting. Similarly, Montgomery et al. (2006) examines 

the cost to the forest industry of preserving old-growth forests in Oregon. While there is a lack of forest sector 

models that address ecosystem services beside carbon sequestration directly, there has been an increasing number of 

spatially explicit forest sector models and models where biological growth of forests are modeled in more detail. An 

example is the development of the French Forest Sector Model (FFSM++) (Lobianco et al. 2015). Models with a 

spatially explicit approach and where biological factors are modeled endogenously make it easier to include 

ecosystem services.   



Discussion 

For all ecosystem services included in the review, there was a large span in the values reported between different 

studies. Hydrological services varied between $1 and $17000 and recreation services between $1 and $2500/ha. 

Because the methodology between the studies have been very different it is hard to compare the values from 

different studies. A stated preference survey may yield very different results than an avoided cost estimation for the 

same ecosystem service, and the methods for approximating the magnitude of ecosystem services varies significantly 

as well. Practically all studies with spatial modeling of ecosystem services find significant differences in the value of 

the ecosystem services measured between different types of terrain within a forest as well as its geographical 

position. This is an expected outcome, but the differences are very large in some cases and it also applies to 

ecosystem services such as carbon sequestration where the benefits of the service are global. For these reasons, it is 

hard to draw strong conclusions on the exact value of forest ecosystem services. However, when looking at the 

relative importance of different ecosystem services, a few services stand out. Recreation in forests is consistently 

valued highly in areas where incomes are high, carbon sequestration is valuable for most forest types and 

independent of their geographical distribution, and while hydrological services are highly dependent on forest type 

and location, the range of hydrological benefits makes them relevant for many forest ecosystems.  

 

Riparian forests, forested wetlands, and forests around bodies of waters are of particularly high value for their 

hydrological services. Most of the studies that reported particularly high value for rainfall interception, watershed 

protection and other hydrological services were done for forests with such features (Honey-Roses et al. 2013; Barth 

and Döll 2016). The study areas were also typically small, around 100-1500 ha, compared to other studies reviewed 

where the median value was 84000 ha. For the spatially explicit studies, it was found that degree of vegetation cover, 

biomass growth and the slope of the terrain influenced the provision of a forest's hydrological services. Climate and 

average rainfall are also relevant factors. The value of the services are also affected by demographic factors such as 

proximity to population centers and agricultural areas, this is particularly the case for flood protection and in the case 

of mountainous forests, avalanche prevention. Ecosystem services related to soil protection and erosion prevention 

are also considerably higher valued in riparian forest and forested wetlands than in dryland forests. Ecosystem 

services related to air quality improvement are valued highly in urban and peri urban areas, but are less relevant in 

areas removed from population centers. The value of these services is reason to preserve forests and parks in urban 

areas, and for densely populated countries this may have implications for forest management. In areas where forestry 

is done far from densely populated areas however, air quality regulation is not one of the more relevant ecosystem 

services.  

 

Recreation is the ecosystem service that has seen the most attention in spatial analysis. The value people put into 

forests as recreational areas depend on the forest’s proximity to where they live and its accessibility. Forests in urban 

areas have particularly high recreational value due to the number of people living nearby, while forests that are 

remote or inaccessible provide low or no recreational values. Broadleaf forests are generally preferred over 

coniferous forests, but a number of natural and constructed features of a forest affect the value people place on it. 

Termansen et al. (2013) found that the per hectare value of forests as a source of recreation varied between $25 and 

$9270 based on accessibility and characteristics, and a very high variance was also reported by Baerenklau et al. 

(2010). Abildtrup et al. (2013) found access to hiking trails and the presence of lakes to have strongly positive 

impacts on the recreational values of a forest, but that other features such as parking lots or picnic places have 

positive effects for some people and negative effects for others. While forest recreation is valued highly in developed 

countries, it is valued less so in countries with large intact forest areas such as Finland and Sweden, suggesting that 

scale is important and that the recreation value per hectare will likely improve as forests grows scarcer (Bostedt and 

Mattson 2006; Matero and Saastamoinen 2007). 

 

Carbon sequestration is also one of the more important ecosystem services, and given that the benefits of carbon 

sequestration are on a global scale, the geographical location of the forests is of lesser importance than many of the 

other ecosystem services. The value of the ecosystem service is primarily related to the yearly uptake of carbon 

dioxide by forests, and this linked to the biomass growth of trees as well as the properties of the soil(Brainard et al. 

2009).  Growth rates and carbon uptake are different for different tree types and also tend to be higher in warmer 

climates. Biomass growth is also not linear over a trees lifetime and will be more intensive in some periods, 

particularly early on. The age of a forest is therefore also an important indicator when measuring carbon 

sequestration. In the studies included in the review, there are huge variations in the value of carbon sequestration, as 

can be seen in Table 6. Despite the fact all results had been adjusted to a singular carbon price level and only 

considering studies that value carbon flow, the highest reported value is a thousand times higher than the lowest 



one(Zhang et al. 2006; Birch et al. 2010). It is unlikely that the properties of the forests can differ to this extent and 

the variation also depends on the methods for estimating carbon uptake. The highest values were from studies where 

carbon sequestration was based on the theoretical photosynthetic capability of a reference forest or where total 

biomass was estimated and a reference value for carbon flow was based on this. In many cases, carbon flow was 

estimated linearly and the age of a forest was not taken into account. Studies that did consider forest and age 

modeled biomass growth in a nonlinear manner found considerably lower (Brainard et al. 2009). This indicates both 

a need for more detailed accounting of terrain type as well as a better integration of ecological and economic factors 

when modeling ecosystem services in order to produce more accurate results. The use of spatial forest sector models 

with endogenous modeling of biological processes is one way to achieve this, an example being FFSM++ (Lobianco 

et al. 2015). 

 

The studies that have a very detailed distinction of sub-terrains for the estimation of ecosystem service value faced 

the problem of finding usable estimates for all terrain types. Value transfer from other studies can be used here, and 

in fact should mainly be used when the terrain type and other relevant factors are comparable between the original 

study and the new one. However, given that most ecosystem service valuation studies are not currently spatially 

explicit in the modeling of the services, it means that the amount of studies currently available may be insufficient to 

cover all relevant terrain types. Further, the gap in the value estimates from different studies is currently unfeasibly 

large because of the different methods and assumptions that have been made. Several studies were also unclear on 

how the values had been obtained or what precisely was indicated in their estimations, such as whether it was the 

carbon flow or carbon stocks of a forest that was being measured. The research methodology needs to be developed 

with this in mind in order to produce results that are more consistent, in order for value transfer to be meaningful. 

 

One fundamental problem with the valuation of ecosystem services is that the services that are difficult to quantify in 

monetary terms will be omitted from many studies. This may then give the impression that these services are 

unimportant, but when addressing them with other methods than economic valuation this may not be the case. A 

particular example is the role of forests in protecting biodiversity by providing habitats for plants and animals. While 

the willingness to protect species from extinction is widespread, ecosystem services related to biodiversity has been 

included in few studies because they are not easily quantified. It is important to remember that while economic 

valuation of ecosystem services can be a useful tool for policy makers, no study can capture all benefits that forests 

provide. The values given will almost always be under or overestimated, and aggregation of values may lead to 

estimates for large forest areas based on assumptions that only holds true for small parts of the forest. The marginal 

values of ecosystem services are more useful for policy analysis than the total values, especially in the context of 

deforestation or other land use changes. An understanding of the spatial distribution of ecosystem services is also 

necessary in order to understand the social costs of land use change. Forest sector models can model these factors 

and provide information to policy makers of the effects of a policy on a forest’s ecosystem services and in turn help 

them understand the full social costs of the policy. Research in ecosystem service valuation and forest sector 

modeling are both moving towards an increased focusing on spatial modeling and it therefore seems like a natural 

step to integrate the two, but so far this has mainly been done in regards to carbon sequestration. While carbon 

sequestration is an important ecosystem service, there are others that may be of higher importance for small scale 

projects involving changes in land use or forest management.  

Conclusions 

Studies on ecosystem services differ widely in results and methodology, but it is clear that these services represent a 

significant amount of the benefits people receive from forests and these benefits should therefore be taken into 

account by policy makers. Given the widely varying results however this is not necessarily an easy thing to do and 

researchers should focus on making their assumptions and results clearer. The focus also needs to go from global and 

national valuations of ecosystem services to geographically explicit modeling where the values of ecosystem services 

can be integrated into policy decisions. The fact that the valuation of ecosystem services is at an early stage is also 

likely related to the lack of ecosystem service valuation in forest sector models. It may be that the methodology 

needs to be developed further before it sees more widespread use in forest sector models, but the increasing focus on 

spatial modeling is a step in the right direction. Further work in this direction is a beneficial avenue for future 

research. Future valuation studies also need to better integrate the modeling of ecological and economical processes 

to avoid unrealistic assumptions in the valuation of ecosystem services. 
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