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ABSTRACT: 
 
Managing multiple ecosystem services (ES) across forest landscape, constitute a growing field of research. It represents a key challenge 
that attempts to optimize the trade-offs among provisioning, supporting, regulating and cultural ES. Here, we review approaches and 
shortcomings on some anterior FES studies. Three main components are presented, 1) an overview of the current state of research, 2) 
a summary of main methods adopted 3) an identification of principal approaches' restrictions. Several conclusions emerge: most of the 
studies focus on a limited number of FES which might undermine the long-term provision of other FES, or converge to using free 
software models which are practical and low-cost but require enormous data. This reveals how the lack of existing inventories and 
evaluations impacts the choice of methodologies and lead to use indirect methods of measurement. However, researches that aim to 
understand the relationships and conflicts among multiple FES and seeks to find out the best management regime will improve our 
ability to sustainably fulfil economic, ecologic and social goals. 

 

1. INTRODUCTION 

Ecosystem services represent direct and indirect benefits that 
people obtain from ecosystems (MEA, 2005). Many crucial 
ecosystem services are provided by forests (Gamfeldt et al., 2013; 
García-Nieto et al., 2013; Vanhanen et al., 2012). They supply 
food and timber, regulate local and global climate, remove 
pollutants, enhance soil retention and water quality, and improve 
landscape aesthetics (Chiabai et al.,2011;De Groot and van der 
Meer,2010).These benefits have been undervalued since they are 
not traded in conventional markets and are in fact difficult to 
value (Ninan et al,2016). 

Due to the population expansion and the economic growth; 
demands are highly increasing (Vitousek et al., 1997), which 
have caused severe ecosystem degradation and biodiversity loss 
(MEA, 2005; Rapport et al., 1998). These impacts can conduct to 
changes in the state of ecosystem functioning (IPCC,2001), 
which in turn affect the overall provision of forest ecosystem 
goods and services, and ultimately have a negative impact on 
human-wellbeing (Liebhold et al,2017 ; Wagner et al, 2014).  
 
Improving the sustainability of natural resources use and 
managing multiple forest ecosystem services become key 
challenges that attempts to optimize the trade-offs and synergies 
among ecosystem services and the way they are driven by 
management interventions (Rodríguez et al., 2006).  
 
Several researches have examined the relationships among 
ecosystem services and the effects of management on their supply 
in forests (e.g. Bradford and D’Amato, 2012; Brandt et al., 2014). 
A literature survey was run by (Tol,2009), have showed an 
exponential increase in the number of papers published in 
international peer reviewed journals on the topic of climate 
change, from 1714 to 11652 papers, respectively in 1995 and 
2008.  Recent literature has moved forward to explore 
methodologies that can examine the relationship between 
ecosystem services and climate change, in order to explain how 
changes in climate conditions may affect the provision of 
ecosystem services (Ding et al ,2016). 
 

In this study, we review research that focus on the environmental 
and monetary assessment of forest ecosystem services and 
spotlight studies examining trade-offs between them. We also 
identify relevant approaches used by scientists and examine their 
shortcomings 

2. METHODS AND MATERIALS 

Our review is based on published research since 2001s with the 
terms “forest ecosystem services”,” forest ecosystem services 
management”, and “forest ecosystem valuation”. We have 
selected 104 articles that allow us to draw representative 
conclusions. By highlighting studies that aim to analyse the 
environmental and economic assessments, we reduced this 
sample to 47 publications and concentrate on 7 recent published 
papers (2014-2018) held in different study areas.  We have 
classified the papers according to the valuated service and the 
type of the valuation (environmental, economic or gather both of 
them (table 1). 

A variety of methods are employed in these studies, the common 
approach is to proceed by an assessment of the chosen 
variables(table1). It is mostly about carbon stock, timber 
production, soil conservation and recreation. Each study has used 
a different method depending on the data availability and the 
singularities of the study area. 
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Reference study 

(autors and year) 

Forest Ecosystem Service Type of valuation 

(Environmental and 

economic) 

Law et al (2014) Carbon stocks Environmental and economic 

Trivino et al 

(2015) 

Carbon stocks/Timber production Environmental and economic 

Ninan et al 

(2016) 
 

Water conservation/Soil conservation/Carbon sequestration 

/Recreation 

Economic 

Lagregren et al 

(2017) 

Harvest/Net income/Storm damage resistance/Carbon storage and 

sequestration/Biodiversity indicators 

Environmental and economic 

Pohjanmies et al 

(2017) 

Timber production/Bilberry production/Carbon storage/Pest 

regulation/Availability of deadwood resources 

Environmental 

Ding et al (2016) Supporting/Provisioning/Regulating/ Cultural services Environmental and economic 

Roces-Díaz et al 

(2018) 

Supporting/Provisioning/Regulating/ Cultural services Environmental and economic 

 
Table 1: Summary of studied researches, the assessed ES and the type of valuation. 

 
 

3. RESULTS 

3.1 Carbon stocks 

Forests help to mitigate climate change by sequestering CO2 
from the atmosphere and storing it in different biomass pools 
(e.g., Powers et al., 2013). The main pools in forested 
ecosystems are the stores of above- and below-ground living 
biomass, necromass (litter, and woody debris), and soil organic 
matter (Houghton et al., 2012). To directly quantify the carbon 
stored in aboveground living forest biomass the only way is to 
harvest all trees in a known area, dry them and weigh the 
biomass (Gibbs et al ;2007), the carbon content represents ≈50% 
of biomass; Westlake 1966). While this method is applicable for 
a particular location, it is expensive, destructive and impractical 
for country-level analyses. 
 
No direct methodology can yet measure forest carbon stocks. 
Thus, plenty efforts have gone into developing tools and models 
that can adjust or extrapolate data points to larger scales based 
on proxies measured in the field or from remote sensing 
instruments (Brown et al, 1982, 1993, Waring et al 1995, Brown 
1997, Chave et al 2005, Saatchi et al 2007).The 
Intergovernmental Panel on Climate Change (IPCC) has 
produced a set of guidelines for estimating greenhouse gas 
inventories at different tiers of quality, ranging from Tier 1 
(simplest to use; globally available data) up to Tier 3 (high 
resolution methods specific for each country and repeated 
through time) (Penman et al 2003, (chapter 3, 4), IPCC 2006, 
(chapter 2, 4)). 
 
As a consequence, indirect methods of measuring carbon stocks 
and emissions, are frequent. (Law et al 2015) have distinguished 
two groups of proxies: Measurement-level proxies which can 
substitute for direct measurements, and Metric-level proxies that 
are a combination of several measurement-level proxies, 
generally derived through process-based modelling. He has used 
literature as a source of carbon stocks data in the Above-Ground 

Biomass, the Below-Ground Biomass and the Soil Carbon, 
depending on the soil type and the peat depth. The estimation of 
potential emissions and potential emissions reduction were 
integrated into a process model to evaluate carbon flux through 
time, developed in R. 
 
(Trivino et al,2015) have employed the (IPCC,2006) guidelines 
to calculate, the Carbon storage (the size of the carbon pool at a 
certain point in time), the Carbon sequestration (the rate of 
annual transfer of carbon between the atmosphere and forests) 
and the Carbon sequestered not extracted (refers to carbon 
excluded in harvested timber) considering the four most 
common tree species in boreal forests.  

Otherwise, (Lagergren et al, 2017) applied a biogeochemical 
ecosystem model LPJ-GUESS that simulates the climate 
dependent vegetation development as well as the competition 
among age and species-specific cohorts (Smith et al 2001). It 
requires input data on temperature, precipitation, incoming 
shortwave radiation and CO2 concentrations (Kotlarski et al 
2014) .The total carbon stored in  soil and biomass and the two 
components of annual carbon sequestration (C in biomass, C in 
soil) can be obtained from the model simulations. 

Similarly, (Ding et al 2016) based on biophysical data for EGS 
extracted from the FAOSTAT-Forestry database, have 
employed ATEAM and IMAGE 2.2 models to run a quantitative 
changes projection (wood forest products, carbon stocks) by 
deriving the percentage changes in forest areas and wood 
products for four IPCC storylines. 

(Roce-Diaz et al 2018) have considered forest carbon sink 
capacity by using data from a consecutive forest survey and 
comparing plot-level data from 1989–1990 and 2000–
2001.They have estimated the carbon stock change in above and 
belowground using a methodology defined by ( Vayreda et al. 
(2012). It consist on applying allometric equations per tree of 
each inventory’s plot .The total C extent of each tree was 
calculated by multiplying biomass by the specific C fraction of 
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the species obtained in a study carried out by  (Gracia et al. 
(2004a,b)) . 

3.2 Timber Production 

Timber is one of the most notable resources derived from forest 
ecosystems (Brandt et al 2014). It provides substantial direct 
economic benefits, but can also act as powerful incentives to 
sustain forests and habitat (Fisher et al 2006, Ruddell et al 2007). 
Estimating the above-ground biomass can be done using 
allometric models (Chave et al 2014), extracted data from forest 
inventories (Roce-Diaz et al 2018) or using models such as 
MOTTI stand simulator which can statistically  investigate 
forest growth and timber yield ( 
http://www.metla.fi/metinfo/motti/index-en.htm). Dynamic 
Vegetation Models can also be applied, (Lagergren et al 2017) 
have employed the LPJ-GUESS to assess the harvested biomass 
within forests, among three climatic areas in Sweden (Northern 
boreal, southern boreal and nemoral). 

3.3 Soil Conservation 

The vegetative cover plays an important role in soil retention, 
the prevention of landslides, the erosion regulation (MEA, 2005) 
and the reduction of fertility loss (xue et al 2001). The functional 
value of soil protection can be estimated by an approach used to 
value the soil protection function of the Chilean temperate 
forests by (Nahuelhuel et al ,2007) that consists of assessing the 
extent of loss of soil nutrients due to soil erosion. However, this 
necessitate field level data on nutrient composition of forest 
soils, which is not always attainable (Ninan et al 
2013b).Otherwise ,(Roce-Diaz et al 2018) have  used data from 
a highly detailed LULC map  to estimate flood protection and 
erosion control of a riparian forest cover in Catalonia. 

3.4 Recreation 

Forests are also valued for the many recreational benefits they 
afford, such as viewing wildlife and nature, safari hunting, 
boating and angling, hiking, etc (Ninan et al 2016). These 
services are not traded in regular markets and do not have a 
market price to be used in the economic valuation exercise. This 
requires the use of specific techniques called “non-market 
valuation approaches” (Hanley et al., 1998; Scarpa et al., 2000; 
Horton et al., 2003). They aim to assess the individual 
willingness to pay (WTP) for using and enjoying the resource. 
(Ding et al 2016).(Ninan et al 2016;Roce-Diaz et al 2018) have 
employed the Travel Cost (TC) and Benefit Transfer (BT) 
approaches. The TC method uses data on actual costs incurred 
by visitors to recreation sites to estimate the visitor demand for 
recreation, while BT approach is employed when data are not 
available or too expensive, in this case they resort to studies 
already completed in another location or context. 

3.5 Trade-offs between Forest Ecosystem services: 

Trade-offs occur when the provision of one Ecosystem Service 
(ES) is reduced as a consequence of increased use of another ES 
(Rodríguez et al., 2006). Their dependence on each other and 
their complexity made managing them a principal challenge 
(Heal et al 2001). ES trade-offs can be classified into three axes: 
spatial scale (the expansion of the effects of trade-offs), temporal 
scale (if the effects take place relatively rapidly or slowly) and 

reversibility (the likelihood that the perturbed ES may return to 
its original state if the perturbation ends) (Rodriguez et al 2006). 

The biggest challenge in forest management is to simultaneously 
maintain the timber production, the biodiversity, the regulation 
of carbon stocks and recreational services (De Groot et al 2010). 
Developing relevant methods for the identification of patterns 
towards sustainability is needed to study the conflicts between 
ES and to solve them by management scenarios. (Lagergren et 
al 2017).  

(Trivino et al 2015) have simulated forest growth in a landscape 
with about 30,000 stands during 50 years, considering seven 
alternative management regimes in a large boreal forest 
production landscape.  They have applied multi-objective 
optimisation to recognise where the current management actions 
are inefficient to supply multiple goods and services such as 
timber production or carbon storage. These analyses can also 
identify situations where carbon storage can be increased 
without any, or with only minimal reductions in the production 
of timber, or vice versa. Spatial representation of forest stands 
was executed within the Geographical Information System 
(GIS) software ArcGIS 10.1 (ESRI, 2011) and all the statistical 
analyses were performed using R version 3.0.2 (R Development 
Core Team, 2013). 

In the same way (Pohjanmies et al 2017) have studied the 
compromise between four ecosystem services (timber 
production, bilberry production, carbon storage and pest 
regulation), one biodiversity conservation objective (availability 
of deadwood resources) and the potential to solve them by 
management choices in boreal production forests. They have 
firstly conducted a forest growth simulation within MOTTI 
stand simulator. Then they have measured the supply of each 
objective and the conflicts among all pairs of objectives under 
alternative forest management regimes. The compromise 
management solution (defined as one which simultaneously 
minimizes the losses in both objectives) for each pairwise 
conflict was determined before investigating the distribution of 
alternative forest management regimes among them. 

Otherwise, the employment of Dynamic vegetation models 
(DVM) become frequent, essentially to assess climate and 
environmental effects on the performance of plant functional 
types or species, suitable for examining temporal aspects of 
ecosystem structure and functioning (Prentice et al 2007). 
(Lagergren et al 2017) have used the LPJ-GUESS to provide a 
landscape perspective among a boreal forest. They have tried to 
assess the influence of landscape settings; climate conditions and 
the forest stand management strategies, then they have 
developed a post-processing optimization routine to evaluate the 
combination of management alternatives at the landscape level. 
Provisioning services were represented by harvest of timber and 
pulp quantified in term of net income, regulating and 
maintenance services were symbolized by carbon storage and 
sequestration with three different measures (Carbon storage, 
biomass sequestration, soil carbon sequestration), while storm 
damage resistance was included to assess potential trade-offs 
between production and risk taking. Cultural ecosystem services 
were described by four indices (Fraction of broad-leafed forest, 
old trees, old broad-leafed trees, stem litter) serving as proxy for 
biodiversity (Mace et al 2012). 

In order to explain how changes in climate conditions impact the 
provision of ES on European forests, (Ding et al 2016) have 
moved forward to explore methodologies that can examine the 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-4/W19, 2019 
PhilGEOS x GeoAdvances 2019, 14–15 November 2019, Manila, Philippines

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLII-4-W19-17-2019 | © Authors 2019. CC BY 4.0 License.

 
19



relationship between them. They have firstly assessed the 
amplitude of changes in the biophysical provision of ES (wood 
forest products, carbon sequestration and cultural services) .It 
represent different types of economics benefit  due to potential 
impacts of climate change under four different IPCC future 
scenarios (Global economic, regional economic, global 
environment, regional environment) using Had-CM3 climate 
model, ATEAM (Advanced Terrestrial Ecosystem Analysis and 
Modelling) and IMAGE 2.2 models (Schöter et al., 2004), and 
then interpret them into economic values by undertaking an 
empirical application of diverse economic valuation techniques 
utilizing meta-analysis approaches. 

Roce-Diaz et al.,  (2018) have introduced the spatial scale to 
assess trade-offs and synergies among three categories of ES 
(Provisioning, regulating and cultural).For each category a set of 
bio-physical indicators was defined and related to 
socioeconomic, climatic and biodiversity predictors .Data were 
provided by the Statistical Institute of Catalonia (IDESCAT, 
2015) and aggregated at the municipality level. Proximity-to-
target approach was used to normalize ES values to a 
conventional 0-1 scale to facilitate the analyze of relationships 
amongst pairs of ES(Rodríguez-Loinaz et al., 2015). The spatial 
correlation between standardized ES and the different indicators 
was examined by Pearson Correlations (Mouchet et al., 2014) 
while the spatial aggregation of each ES was evaluated using 
Moran’s I on a Spatial Autocorrelation Analysis (Moran, 1948; 
ESRI, 2013).All statistical analyses were run in R software 
environment (v.3.2.0; R Development Core Team, 
2014).Furthermore,a hotspot analysis on ES maps was carried 
out using  the Getis-Ord Gi* clustering method (Getis and Ord, 
1992; Schröter and Remme, 2016) to define the areas with 
optimum supply of the diverse categories of ES. 

4. DISCUSSION AND CONCLUSION 

This work sought to highlight studies examining trade-offs 
between Forest Ecosystem Services, to pinpoint relevant 
approaches and examine their shortcomings. Seven recent 
research aiming to assess environmental and economical 
benefits of FES were selected. Approaches used in those case 
studies vary from biophysical methods to monetary techniques. 
Biophysical methods include direct measurements were data are 
extracted from inventories, surveys and remote sensing. It also 
comprises indirect measurements that involve data derived from 
an original source and processed before being used. They also 
consist on modelling frameworks that use prior cited source of 
data as inputs. 
Generally, researchers combine several methods when trying to 
explore trade-offs among various FES.They base their choice by 
relying on 1)the studied forest service ,2)the existence of 
elementary data,3)the spatial and temporal scale 
appropriateness, 4)the relevance and adequacy of models .The 
majority of studies converge to apply models with the purpose 
of simulating the FES supply or predicting the impact of climate 
change on the functioning of the ES.Softwares used for 
modelling  are usually commercial or need extensive data. Some 
of them are cost-free but are proper to a particular area, a climatic 
region or a singular type of forests. 
 
Accuracy is also an important factor while assessing trade-offs. 
Indirect measurement methods are based on processed primary 
data, which are essentially governed by the statistical data 
analysis approach used. It’s obvious that an erroneous input 
would affect the whole results, and consequently the 
management intervention. 

 
Method selection should consider the real-life aspects, the 
context, the ecosystem services in question, the strengths and 
shortcomings of diverse approaches, data availability, resource 
and expertise (Harrison et al,2018) 
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