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Abstract: The rapid expansion of the ecosystem services and ecosystem accounting 
communities has been an exciting time, with increasing levels of interaction and understanding. 
The interaction has been driven by the production of ecosystem accounts that have used a 
range of information and modelling tools also used in the estimation of ecosystem services (e.g. 
InVEST, ARIES, ESTIMAP, and a wide variety of other “local” models). Typically, such modelling 
estimates the physical amounts of different goods or services that emerge from different 
ecosystem types based on ecosystem condition and other factors, and are fed by information 
from remote sensing and site-specific calibration data and ecological understanding of 
processes where possible. Matching this physical information to the supply and use of 
ecosystem services as defined in the System of Environmental-Economic Accounting has proved 
problematic at times as some models do not provide information on use by people. In some 
cases, data on ecosystem services use is missing or incomplete, in other cases there is no use by 
people, while in still others the same, non-rival, ecosystem service is used by more than one 
user or the same physical metric may be used to measure more than one ecosystem service. A 
number of approaches to reconciling the differences have been tried and resulted in the 
development of the concept of ecosystem capacity, among other things. Practically, the 
frequent absence of calibration data, the need to (sometimes) interpolate data to generate 
model inputs and outputs, and the fact that these processes are typically slow and require a 
great deal of expertise, meaning that it’s difficult in places with more limited expertise, such as 
in low and middle income countries. This paper examines these issues and outlines some 
practical solutions for the producers of ecosystem accounts.  
 
Feedback from the London Group on these issues would be welcomed as would the 
identification of other issues associated with the production of ecosystem accounts. Some 
questions for the London Group to consider are: 

• Does the paper reflect your experiences with use of modelling for ecosystem accounting? 

• Which models have you used and what is your experience of the models available?  

• Do you have other comments or suggestions?  
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1. Introduction  
 
Currently the SEEA Experimental Ecosystem Accounts (SEEA-EEA)(UN et al. 2014b) and 
related recommendations (UN 2017) include accounts for: (1) ecosystem extent; (2) 
ecosystem condition; (3) ecosystem capacity; (4) supply and use of ecosystem services, and; 
(5) individual components of ecosystems, namely land, water, carbon and biodiversity. 
Models for a sequence of accounts also presented (p. 143, UN et al 2014b). 
 
This paper examines some of the modelling tools available that are available to estimate the 
flows of ecosystems services and how they could better account for ecosystem services in 
the SEEA-EEA framework. It starts by providing a brief introduction to ecosystem services 
and ecosystem accounting literature and experience. It goes on in Section 2 to examine 
some of the models or suites of models used to assess to estimate and account for 
ecosystem service. Section 3 looks at some of the lessons, while Section is the summary and 
ideas for the way forward. 
 

Ecosystem services and ecosystem accounting 
There is a large literature devoted to the study of ecosystem services and this is reviewed by 
a range of authors (e.g. Seppelt et al. 2011; Martinez-Harms and Balvanera 2012; Bagstad et 
al. 2013a; Shoyama et al. 2017; Neugarten et al., 2018). 
 
Ecosystem accounting is relatively new, and there are relatively few ecosystem accounts, 
especially compared with the literature devoted to ecosystem services. Much of the 
experience to date is consolidated in the Technical Recommendations in support of the 
System of Environmental-Economic Accounting Experimental Ecosystem Accounting (UN 
2017), although since then a number of additional accounts have been produced and 
related research has also continued. 
 

2. Biophysical modelling for ecosystem services and accounting  
 
A range of models have been used is ecosystem service assessments and ecosystem 
accounting. To support ecosystem service assessments suites of models have been compiled 
and are available for use. These are briefly described under the subheadings below which 
are of model name (i.e. InVEst, ARIES and ESTIMAP), country (Australia, United Kingdom) or 
continent (Europe). All models are spatially-explicit and provides results in biophysical terms 
(e.g., tons of carbon sequestered), while may also provide results on economic terms (e.g., 
net present value of sequestered carbon). 
 
The information from these models enables decision makers to assess trade-offs associated 
with alternative management choices of particular areas and to identify areas where 
investment in natural capital could enhance human wellbeing or conservation of 
biodiversity. 
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ARIES 
ARtificial Intelligence for Ecosystem Services (ARIES)1 was established in2007 and is a system 
that enables the coupling of data and models supporting the FAIR principles (Wilkinson et al. 
2016)2 and using artificial intelligence to select the most appropriate data and models for a 
user’s region and ecosystem services of interest. Models of ecosystem services of increasing 
sophistication have been developed and used within the ARIES paradigm since then (Villa et 
al. 2014). ARIES allows for the simpler reuse of complex models, by allowing the selection of 
the most context-appropriate data and models from a shared online data and model library, 
and full provenance information describing the data and models and reasons for their 
selection. Since the beginning of ARIES, has concentrated on two areas: 

• The capability to automatically assemble the most appropriate models to a region of 
interest, based on a simple user query, using modular model components and data 
chosen according to context. 

• An extension of ecosystem services science to renew its focus on beneficiaries and 
the spatial and temporal dynamics of flows. 

 
ARIES is a suite of ecosystem services models aimed at supporting science-based decision-
making3. ARIES is a tool for integrated social-environmental systems modelling, using 
knowledge and models built independently by many actors and endorsed by the scientific 
community to produce holistic outputs, making evidence-based environmental decision 
making easier and more effective. 
 
ARIES uses k.LAB, a software platform designed to integrate models via the use of well-
defined scientific concepts. The software gives access to an integrated network of web-
accessible models, catalogued and related across scientific disciplines and provides a user-
friendly means to query the network (a web browser interface that allows a user to move to 
the part of the world they are interested in, select the concepts they are interested in 
modelling, and have models assembled with results, provenance, and reports automatically 
generated). The system links natural science (e.g., process-based models) and human 
behaviour (e.g., agent-based models). It resolves differences in spatial units or scale 
automatically, enabling outputs to support complex, interdisciplinary decisions. As part of 
the process, specific, detailed models are chosen over more general, coarser alternatives, as 
long as data exist to support them. This has led to the development of “globally 
customizable ecosystem service models” (Martiz-Lopez et al. 2019) that can run anywhere 
in the world but are easily customized with local data and adjustments to model, 
parameterization and structure. ARIES has been used in the development of ecosystem 
accounts for Italy4. 
 

InVEst 
Integrated Valuation of Ecosystem Services Tradeoffs (InVEST)5 is a collection of models for 
mapping and valuing ecosystem services. It was developed to inform decision making at 

                                                      
1 See http://aries.integratedmodelling.org/?page_id=632  
2 FAIR stands for Findable, Accessible, Interoperable, and Reusable and is the next step in the evolution toward 
more open, collaborative scientific data and modeling. 
3 See https://github.com/integratedmodelling/im.aries.global 
4 See https://www.wavespartnership.org/en/knowledge-center/1st-report-state-natural-capital-italy-synthesis 
5 See https://naturalcapitalproject.stanford.edu/invest/#resources  

http://aries.integratedmodelling.org/?page_id=632
https://github.com/integratedmodelling/im.aries.global
https://naturalcapitalproject.stanford.edu/invest/#resources


 

 4 

local, national and global scales. InVEST is the most widely used ES modelling tool6, owing in 
part to its transparency, level of support, and large user community. InVEST has been used 
in the development of ecosystem accounts for Rwanda (Bagstad et al., in revision). 
 
InVEST models can be run independently. While InVEST is coded in Pyton, it does not 
require knowledge of Python programming, but it does require basic to intermediate skills 
in GIS software. 
 
The InVEST toolset7 currently includes eighteen distinct ecosystem service models designed 
for terrestrial, freshwater, marine, and coastal ecosystems, as well as a number of “helper 
tools” to assist with locating and processing input data and with understanding and 
visualizing outputs (Sharp et al., 2015). The software and guidebooks can be downloaded 
free of charge from the website8. 
 

ESTIMAP 
ESTIMAP (‘‘Ecosystem Service Mapping Tool”)9 is a collection of spatially explicit models of 
ecosystem services developed to support policies in European as well as providing 
guidelines to make model customization more scientifically robust and decision relevant 
(Maes et al., 2015). The suite of models in ESTIMAP is summarised by Zulian et al. (2013). 
The ESTMAP models are GIS based that run at a continental scale but can be run at finer 
scales. The main objective of the ESTIMAP is to support EU policies with information on 
ecosystem services, e.g. for EU Biodiversity Strategy to 2020, as well as ecosystem accounts 
for the EU. The models are able to be used for scenario assessments.  
 
Zulian et al. (2018) adapted ESTIMAP for use in 10 case studies using three ecosystem 
service models. Both the usefulness of the models and their results were tested with 
stakeholders. In general, stakeholders considered the modelling approach useful for 
stimulating discussion and supporting communication. Major constraints identified were the 
lack of spatial data with sufficient level of detail, and the level of expertise needed to set up 
and compute the models. 
 
The outcomes of ESTIMAP for recreation have been used for the Knowledge Innovation 
Project on an Integrated system of Natural Capital and ecosystem services Accounting (KIP 
INCA) that aims to develop, in support to MAES, a set of experimental accounts at the EU 
level, following the United Nations System of Environmental-Economic Accounting- 
Experimental Ecosystem Accounts (SEEA EEA). 
 
The use of an ESTIMAP model in accounting proved that the biophysical model itself is not 
self-standing for accounting purposes (Vallecillo et al. 2019a). It assesses the potential of 
ecosystems to provide a service and thus allows the identification of the ecosystem types on 
the supply table. However, the ecosystem potential only becomes actual flow when it 
interacts with the demand (La Notte et al 2019). The demand not only defines the actual 

                                                      
6 See: https://www.sciencedirect.com/science/article/pii/S2212041615300668  
7 See: http://releases.naturalcapitalproject.org/invest-userguide/latest/  
8 See https://naturalcapitalproject.stanford.edu/invest/  
9 See https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/estimap-
ecosystem-services-mapping-european-scale 

https://www.sciencedirect.com/science/article/pii/S2212041615300668
http://releases.naturalcapitalproject.org/invest-userguide/latest/
https://naturalcapitalproject.stanford.edu/invest/
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/estimap-ecosystem-services-mapping-european-scale
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/estimap-ecosystem-services-mapping-european-scale
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flow of the ecosystem service used, but it also allows the allocation of this flow in the use 
table. 
 
All biophysical models that assess the supply from the ecosystems only “start” the 
assessment relevant for accounting: it is important to assess how much of that supply is 
used (or overused). 
 
 

3. Country and continental models used for ecosystem services accounting 
There is a great range of individual models that have been used in either ecosystem service 
assessments or ecosystem accounting. Below we briefly look at the models used in the 
assessments of ecosystem services in the accounts for the Central Highlands of Victoria  
Australia, the, United Kingdom, United States of America and Europe. Each of these are 
examined in the sections below. 
 
These different approaches have sought to find a balance between  

• Local trust from decision makers and knowledge by the scientists applying them to a 
specific model or models,  

• Comparability – of metrics, quality of underlying data, etc.,  

• Customizability, in terms of model structure and parameterization 
 

Australia 
In Australia, Keith et al (2017) estimated a range of ecosystem service flows using a range of 
models that were calibrated specifically for the region. These services estimated using 
models were related to carbon and water 

Carbon related services of carbon storage and carbon sequestration were derived from a 
region-specific model of carbon stocks and stock changes. The model used spatial 
biophysical data and was calibrated with site data (n = 930 sites) of biomass carbon stocks 
calculated from tree measurements (Keith et al. 2010). Carbon stocks were derived in 
relation to the environmental conditions at the site, forest type, age of the forest since last 
stand-replacing disturbance event, and previous disturbance history of logging and fire. A 
base carbon stock map was developed for 2009 (prior to a major wildfire). 

Additions to carbon stock change in forests were derived from species growth curves. 
Reductions in carbon stock change were derived from site data of losses of carbon from 
biomass components due to fire and logging, and this was applied to the disturbance history 
of time and location of disturbance events. Change in carbon stock over time was calculated 
from the base carbon map using forward projections from 2009 to 2015, and backwards 
projections from 2009 to 1990. Changes in carbon stocks calculated with these projections 
included; growth of trees, emissions due to fire, collapse of dead standing trees, 
decomposition of dead biomass, and losses due to logging. 

Ecosystem services of carbon storage and sequestration were calculated for forest areas 
under different forms of management – conservation, production native forest, and 
plantation. Region and species-specific estimates of carbon stocks and the factors causing 
changes in stocks were important to provide the most accurate possible information to 
assess trade-offs in the use of services. 
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The water provisioning service was described in physical terms by the runoff or water yield 
from the catchments in the study area, which provide inflows to the reservoirs. The 
provisioning service was deemed to be used by the water industry authority, Melbourne 
Water, at the time when it enters the reservoir, and not when water leaves the reservoir 
and is supplied to customers. This treatment distinguishes the ecosystem service from the 
supply of water to consumers, with ecosystem service of water provisioning being the 
inflow to the reservoir and recorded in the time period of the inflow, and the supply of 
water to consumers that occurs at a different time and is unlikely to be equal to the inflow. 
The ecosystem service of water provisioning is used by Melbourne Water as input to the 
production of water supplied and used in the economy. 
 
Water yield was calculated spatially across the study area and disaggregated for each of the 
five reservoirs. These data provided information about the spatial distribution of water 
inflow and the change each year in response to climate variability, land cover change, and 
disturbance history. Water yield was determined by the balance between rainfall and 
evapotranspiration, soil water storage capacity, and vegetation cover. Water yield was 
estimated each year using a spatially-explicit continental water balance model calculated 
monthly across the study area (Guo et al. 2002, eMAST 2016). Rainfall and pan evaporation 
data were derived from the eMast database (eMast 2016) resampled to 0.0001 degree to 
align with the study area. Runoff was calculated as the water in excess of the soil water field 
capacity of the catchment. The model was calibrated for the ecohydrological region (Stein et 
al. 2009) against gauged streamflow data (n = 347 flow gauges) (Peel et al. 2000, BoM 
2013b), and tested for the gauging stations within the study area. Runoff depth was 
converted to volume for each grid cell, and accumulated for each stream segment within 
the catchment to give a volume inflow to each reservoir. 

Annual variability in the water balance model is driven by climate variability, in particular, 
precipitation and evapotranspiration. However, actual water yield is also influenced by the 
condition of the vegetation in the catchment, with the main factor being age of the forest. 
Evapotranspiration depends on leaf area index and leaf conductance, which vary with forest 
age and thereby determine the shape of the water yield response curve (Vertessy et al. 
2001). An empirical model of the water yield response to forest age that was develop for 
the specific forest type (Kuczera 1987), was applied to the estimated runoff. This allowed 
spatial attribution of the change in water yield due to disturbance events. 

United Kingdom 
In the UK, a number of spatial models or modelling routines have been run specifically for 
natural capital accounting purposes. While the models themselves are not always widely 
available, they illustrate the potential to include all necessary aspects required for 
accounting purposes: an assumption about the counterfactual against which the volume of 
the service is measured (i.e. what would happen if the ecosystem was not there) and a 
quantification of the natural capital assets providing the service, as well as the economic 
value of service flows calculated directly from the population of users benefitting. These 
applications include the following examples: 

• Air pollution removal: Use of the atmospheric chemistry transport model EMEP4UK 
to calculate the health and economic benefits of air pollution removal by UK 
vegetation (Jones et al. 2019). EMEP4UK is based on the open source EMEP model, 
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health calculations used the AlphaRiskPoll model applied to existing morbidity and 
mortality data from UK local authorities. 

• Noise mitigation: Use of spatial routines to estimate the economic benefits from 
noise mitigation by urban trees (eftec & CEH 2018), based on existing noise mapping, 
calculating the benefitting residential population, and applying damage costs for 
noise. 

• Flood prevention: Use of the Joint UK Land Environment Simulator (JULES) to 
estimate the additional volume of flood water potentially avoided by woodland 
water use or retained by hydraulic roughness of floodplain woodland, compared to 
an alternative grass cover, with monetary values based on the estimated cost of 
providing for the same volume of water in a flood storage reservoir10. 

 
Other models such as the Outdoor Recreation Valuation tool (ORVal)11 have been used to 
calculate the benefits of greenspace for recreation.  As yet, ORVal has not been used 
systematically for ecosystem accounting purposes in the UK as it is based on a wide range of 
data for different years and is designed to provide one-off estimates for a range of different 
purposes.  However, the potential to use the estimates of visitor numbers and/or the 
resulting values is obvious and will need to be explored further. 
 

United States 
Two approaches were used in pilot ecosystem accounts for the U.S.: a series of 
independently applied, bespoke models for accounts in the South-eastern U.S. and the 
development of novel models hosted in a common code repository for the development of 
national-scale urban ecosystem accounts. The object of the latter is to facilitate faster re-
computation of ecosystem accounts by future analysts, as opposed to the “kindness of 
strangers” approach that asks various researchers to rerun their models every time 
accounts are recomputed is less likely to be sustainable. 
 

Europe  
At a continental scale, applications in Europe offer some interesting insights. A pilot exercise 
in Europe looked at water purification and used a spatially explicit biophysical model called 
GREEN (Geospatial Regression Equation for European Nutrient losses) and showed that for 
those ecosystem services where the absorption rate can be exceeded, it is possible not only 
to calculate an actual flow (that increases with increasing pollutant emissions) but also a 
sustainable flow (that increases with decreasing pollutant emissions (La Notte et al. 2017). 
For water purification, spatial explicitness is essential since the river network determines 
the load of pollutants that move across space. 
 
In addition to nature-based recreation (please refer to the previous paragraph), other 
models have been developed for INCA, specifically: pollination (ref. chapter 4 in Vallecillo et 
al. 2018) and flood control (see Chapter 6 in Vallecillo et al. 2019b). The procedure is the 
same applied for nature-based recreation: ecosystem potential interacts with the ecosystem 

                                                      
10 Forest Research (2018).  Valuing flood regulation services of existing forest cover to inform natural capital 
accounts. https://www.forestresearch.gov.uk/research/valuing-flood-regulation-services-existing-forest-
cover-inform-natural-capital-accounts/ 
11 https://www.exeter.ac.uk/leep/research/orval/  

https://www.forestresearch.gov.uk/research/valuing-flood-regulation-services-existing-forest-cover-inform-natural-capital-accounts/
https://www.forestresearch.gov.uk/research/valuing-flood-regulation-services-existing-forest-cover-inform-natural-capital-accounts/
https://www.exeter.ac.uk/leep/research/orval/
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service demand generates the actual flow, then accounted in supply and use tables. The 
outcomes are consistent from both the ecological and socio-economic perspective:  

• by separating ecosystem potential and demand it is possible to assess what is driver of 
changes in the actual flow (e.g. higher actual flow is caused by enlargement and/or 
enhancements of the ecosystems supplying the service or by an increased demand for 
that service?) 

• by separating ecosystem potential and demand it is possible to assess and spatially 
locate unmet demand, i.e. where there is a need for a service, but the ecosystem does 
not provide it. 

 
For flood control, spatial explicitness is essential since service providing areas are located 
differently from service benefiting area and their spatial interaction is crucial fro the service 
assessment. Additional biophysical models are currently being developed for INCA on soil 
retention and habitat maintenance. 
 
INCA applications also show that biophysical mapping differs from biophysical modelling: 
in the cases of timber provision (ref chapter 4 in Vallecillo et al. 2019b) and global climate 
regulation (ref chapter 5 in Vallecillo et al. 2019b) the service assessment is undertaken 
through disentangling ecosystem contribution from official dataset; the actual flow is 
mapped by using for the spatial disaggregation the Dry Matter Productivity (DMP) from the 
Copernicus service information data (© European Space Agency).  
 
 

4. Matching modelling to accounting  
Matching the physical information from the models to the supply and use of ecosystem 
services as defined in the System of Environmental-Economic Accounting has proved 
problematic at times. The models are built to describe, estimate or predict physical process 
and there in often little or no systematic information on how these physical flows are used 
by people and the boundary at which use by people occurs. As such, in some cases, data on 
ecosystem service use is missing or incomplete. In other, cases there is no use by people 
and hence there is no ecosystem service associated with the physical flow (e.g. flows of 
water into lake that is not used by people for water supply),  
 
There are also case where the same, non-rival, ecosystem service is used by more than one 
user. For example, recreational, cultural and spiritual services from the ecosystems in 
national parks. While recreation services are congestible, the benefits from knowing that 
the parks exist and are home to biodiversity is non-rival and not congestible. This was seen 
in Rwanda, where the same watershed (or parts of the same watershed) provide, for 
instance, erosion control for hydroelectric dams, irrigation dams, and water treatment 
plants. Since supply must equal use in accounting, and biophysical models tell us how much 
soil erosion control is provided by the upstream watershed but not who uses the service. So 
we know the total supply but how should the use be divided between the different uses. On 
simple option is to just equally divide the total supply by the numbers of different uses, but 
this would obscure rival uses.  
 
There are also cases there the same physical metric has been used to estimate rival 
ecosystem services. For example, carbon sequestration and timber production in 
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plantations forests (Keith et al. 2017) This was also the case for the physical volume of water 
flowing into an articifical reservoir was deemed to be both the measure of water 
provisioning and water filtration services (Vardon et al 2019).  
 
A number of approaches to reconciling the differences have been tried and resulted in the 
development of the concept of ecosystem capacity, among other things. 
 
Before we discuss this further, it is important to recognise that linking of ecosystem services 
to ecosystem extent and condition is a key area. For example, Eigenraam et al. (2013) 
demonstrated that it is possible to provide information on ecosystems and their changing 
condition over time. The accounts developed show how changes in ecosystems can be 
attributed to human intervention (e.g. revegetation), natural change or environmental 
events (e.g. flood and fire). The paper also suggests how changes in the condition of 
ecosystems can be linked with changes in ecosystem services. This is an important area to 
keep in mind but will not be followed up further in this paper. 
 
Examples from KIP INCA shows that (i) through modelling it is possible to separate the 
ecosystem potential from ecosystem service demand and only their interaction generates 
the actual flow; (ii) there are ecosystem services (such as water purification and flood 
control) that could only be assessed by using spatially explicit models; (iii) through 
biophysical modelling it is possible to assess and spatially locate unmet demand. 
 
Another point of interest is how much overlap there is between the ARIES, InVEST and 
ESTIMAP. For example, all three systems have very closely related pollination models. In can 
be said that goals of these pre-packaged, multi-ES models is to allow trade-off analysis and 
comparison of multiple ecosystem services, e.g., via accounting. 
 
It is also apparent that the three pre-packaged models have limitations at continental scales 
and heterogeneous landscapes, particularly where the desire for accuracy is great (e.g. in 
the US). As Zulian et al. 2018 and others have shown it is possible to customize the general 
model packages to get more accurate results. 
 

Modelling use vs supply 
Returning to the discussion of the modelling for the supply and ecosystem services, the 
biophysical models show the potential supply, which is broadly equivalent to what has been 
viewed as ecosystem capacity in the SEEA (UN 2017). That is, the physical flows are available 
for people to use. But this does not mean that the flows are used and it is the flows that are 
used that are considered the use of ecosystem services. As such, the biophysical modelling 
provides the capacity or potential uses and additional data are needed to estimate the 
actual uses of ecosystem services. The ARIES suite gets to this issue by having models of 
economic and social actors.  
 
In practice, it seems that the use of ecosystem service is determined before the supply. It 
also means that if the supply is greater than the ecosystem capacity then this would be an 
unsustainable use, leading to the depletion or degradation of the ecosystem from which the 
services are supplied.  
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Modelling of users can be achieved for certain ecosystem services where spatial context is 
important, primarily in the regulating services. Examples include flooding where, in 
principle, it is possible to identify the residential dwellings or industrial premises which 
would benefit from a reduction in flood peak or flooding frequency. Other examples from 
an urban perspective include the dwellings benefitting from noise mitigation (eftec & CEH 
2018), a local population benefitting from reduced concentrations of PM2.5 pollution (Jones 
et al. 2019), or at a slightly coarser scale, the city regions benefitting from urban cooling due 
to urban green and blue infrastructure (eftec et al. 2018). Identification of beneficiaries 
often requires detailed local data and spatially contextual modelling approaches. 
 

Choice of (or lack of) counterfactual 
Accounting applications may well influence the choice of counterfactual assumed in 
standard applications of the models.  For example, for air filtration, the model might 
compare the amount of air pollution taken out of the atmosphere by deposition on 
vegetation relative to the deposition that would have occurred if the vegetation was absent 
and replaced by bare earth. Alternatively, the model may make a comparison with 
deposition what would have occurred on hard bare surfaces such as concrete.  Both these 
assumptions are an approximation to the ‘absence of the ecosystem’ which is understood to 
be the underlying concept within SEEA EEA, and so the assumptions used in the models 
need testing in order to establish how closely they match the accounting conceptual 
framework. 
 
 

5. Conclusions ( 
In this paper, we have mostly looked at supply and use of ecosystem services and the 
modelling that has been done for the assessment of ecosystem services as well as for the 
construction of accounts. A wide range of models is available to estimate physical flows 
related to ecosystem services. No one model or suite of models has emerged usable in all or 
even most circumstances. Table one presents the “pros and cons” of the pre-package 
models. Indeed, the experience is that for accounting, the models most likely to used are 
locally developed models and two of the platforms reviewed – ARIES and ESTMAP – all allow 
for more detail models to be used instead of global models when and where they are 
available. 
 
This is also reflected in the country experiences of ecosystem accounts and is probably due 
to two reasons:  

(1) Local models are likely to be more accurate than generic models and  
(2) Local models are more familiar than the than generic models to those developing 

the accounts, scientists and decision makers.  
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Table 1. Overview of biophysical modelling approaches used in ecosystem accounting. 
 

Biophysical 
modelling 
approach 

Pros Cons 

ARIES • Offers very rapid ES 
assessment through ARIES 
Explorer tool, high level of 
expert-level customizability 
through ARIES Modeler tool 

• Artificial intelligence 
approach selects the most 
appropriate data and 
models for use in each 
application, plus provenance 
for transparency 

• ”Global yet customizable” 
modelling approach offers 
the ability to compile 
ecosystem accounts in data-
scarce regions 

• Provides infrastructure to 
make data and models 
interoperable and reusable, 
advancing global SEEA EEA 
efforts 

• Benefits of data & model 
interoperability, path to achieve it 
are poorly understood by most 
scientists 

• Models for incorporating 
beneficiaries/ ecosystem service use 
are not yet fully built out 

ESTIMAP • Endorsed by Joint Research 
Centre to underpin 
ecosystem accounting in the 
European Union 

• Model customizability is 
possible (Zulian et al. 2018) 

• Models are written in different 
programming languages, so are 
difficult for external users to apply 

InVEST • Most widely used ecosystem 
services modelling tool 

• Very well documented 

• Large user community 

• Relatively limited use to date in 
ecosystem accounting 

• Limited accounting for 
beneficiaries/ecosystem service use 

Custom ES 
models 

• Often well known and 
trusted by scientists and 
decision makers in the 
contexts in which they are 
applied 

• Limited comparability between 
ecosystem accounts compiled for 
different regions when using widely 
varying modelling approaches (e.g., 
differences in output metrics, 
modelling paradigms used) 
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The last point is important as the people developing ecosystem accounts are usually 
developing accounts for areas with which they have existing knowledge and expertise and 
are endeavouring to adapt what they know to produce ecosystem accounts as a new 
perspective on what they already know. This was certainly the case in several studies (e.g. 
Bagstad et al., 2018; Keith et al. 2017; etc.)  
 
As experience with ecosystem accounting grows in time it may be that a particular model or 
suite of models emerge as best practice for estimating the flows of ecosystem services in an 
accounting framework. Until such a time, which would seem several years away at least, 
then a range of modelling will continue to be used and it will be important that modellers, 
experts in ecosystem services and ecosystem accounting continue to collaborate and share 
experiences. In the meantime, the development of the ecosystem accounting and related 
modelling should adopt the FAIR Data Principles proposed by Wilkinson et al. (2016) – that 
to maximize its value, scientific data should be Findable, Accessible, Interoperable, and 
Reusable. 
 
 

6. References  
 
Bagstad, K.J., Semmens, D.J., Waage, S. and Winthrop, R. (2013a). A comparative 
assessment of decision-support tools for ecosystem services quantification and valuation. 
Ecosystem Services: 5: 27-39. http://dx.doi.org/10.1016/j.ecoser.2013.07.004  
 
Bagstad, K.J., G.W. Johnson, B. Voigt, and F. Villa. 2013b. Spatial dynamics of ecosystem 
service flows: A comprehensive approach to quantifying actual services. Ecosystem Services 
4: 117-125. 
 
Bagstad, K.J., Willcock, S. and Lange., G.-M. (2018). Remote sensing and modeling to fill the 
“gap” in missing natural capital. pp. 199-210 in The Changing Wealth of Nations 2018: 
Building a Sustainable Future, The World Bank, Washington D.C.  
 
Bagstad et al. (2018) The sensitivity of ecosystem service models to choices of input data 
and spatial resolution. Applied Geography: 93, April 2018, 25-36  
https://www.sciencedirect.com/science/article/pii/S0143622817311566  
 
BoM (Bureau of Meteorology). 2013b. Hydrologic Reference Stations. 
http://www.bom.gov.au/water/hrs/index.shtml 
 
Boyd, J and Banzhaf, S. 2007. What are ecosystem services? The need for standardized 
environmental accounting units. Ecol Econ, 63(2–3): 616–626.  
 
De Jong, R., Edens, B., van Leeuwen, N., Schenau, S., Remme, R.P., Hein, L., 2015. Ecosystem 
Accounting Limburg Province, the Netherland - Part I: Physical supply and condition 
accounts. CBS/Statistics Netherlands Report. https://www.cbs.nl/nl-
nl/publicatie/2016/09/maatwerk-rapport-natuurlijk-kapitaalrekeningen  
 

http://dx.doi.org/10.1016/j.ecoser.2013.07.004
https://www.sciencedirect.com/science/article/pii/S0143622817311566
http://www.bom.gov.au/water/hrs/index.shtml
https://www.cbs.nl/nl-nl/publicatie/2016/09/maatwerk-rapport-natuurlijk-kapitaalrekeningen
https://www.cbs.nl/nl-nl/publicatie/2016/09/maatwerk-rapport-natuurlijk-kapitaalrekeningen


 

 13 

Eftec, CEH, Collingwood Environmental (2018). Scoping UK urban natural capital account – 
heat extension. Final report to Defra. 
http://randd.defra.gov.uk/Document.aspx?Document=14256_ScopingUKUrbanNaturalCapit
alAccount-LocalClimateRegulationExtension.pdf  
 
Eigenraam, M., Chua, J. and Hasker, J. (2013). Environmental-Economic Accounting: 
Victorian Experimental Ecosystem Accounts, Version 1.0. Department of Sustainability and 
Environment, State of Victoria. 
 
eMast (Ecosystem Modelling and Scaling Infrastructure). 2016. Runoff data published online 
by TERN. http://www.emast.org.au/observations/bioclimate/ 
 
Guo S, Wang J, Xiong L, Ying A, Li D. 2002. A macro-scale and semi-distributed monthly 
water balance model to predict climate change impacts in China. Journal of Hydrology. 268: 
1-15. 
 
Jones, L., Vieno, M., Carnell, E., Cryle, P., Holland, M., Nemitz, E., Morton, D., Hall, J., Mills, 
G., Dickie, I., Reis, S. (2019). Urban Natural Capital Accounts: developing a novel approach to 
quantify air pollution removal by vegetation. Journal of Environmental Economics & Policy 
8:4, 413-428, DOI: 10.1080/21606544.2019.1597772.  
 
Kaiser, J.W. et al. 2012. Biomass burning emissions estimated with a global fire assimilation 
system based on observed fire radiative power. Biogeosciences, 9, 527-554 
 
Keith H, Mackey BG, Berry S, Lindenmayer DB, Gibbons P. 2010. Estimating carbon carrying 
capacity in natural forest ecosystems across heterogeneous landscapes: addressing sources 
of error. Global Change Biology 16:2971-2989. 
 
Keith H, Vardon M, Stein JA, Stein JL, Lindenmayer DB 2017. Experimental ecosystem 
accounts for the Central Highlands of Victoria, Australia. 
http://www.nespthreatenedspecies.edu.au/publications-tools/experimental-ecosystem-
accounts-for-the-central-highlands-of-victoria-full-report-high-res-40mb 
 
Kuczera G. 1987. Prediction of water yield reductions following a bushfire in ash-mixed 
species eucalypt forest. Journal of Hydrology. 94: 215-236. 
 
La Notte, A., S. Vallecillo, C. Polce, G. Zulian, J. Maes (2017). Implementing an EU system of 
accounting for ecosystems and their services: Initial proposals for the implementation of 
ecosystem services accounts. EUR28681 EN; Publications Office of the European Union, 
Luxembourg, doi :10.2760/214137, JRC107150.  
 
La Notte A., Maes J., Dalmazzone S., Crossman N.,Grizzetti B., Bidoglio G. (2017) ‘Physical 
and monetary ecosystem service accounts for Europe: A case study for in-stream nitrogen 
retention’, Ecosystem Services, 23, pp 18–29 
 
La Notte A., Vallecillo S., Marques A., Maes J. (2019) ‘Beyond the economic boundaries to 
account for ecosystem services’, Ecosystem Services, 35, 116-129 

http://randd.defra.gov.uk/Document.aspx?Document=14256_ScopingUKUrbanNaturalCapitalAccount-LocalClimateRegulationExtension.pdf
http://randd.defra.gov.uk/Document.aspx?Document=14256_ScopingUKUrbanNaturalCapitalAccount-LocalClimateRegulationExtension.pdf
http://www.nespthreatenedspecies.edu.au/publications-tools/experimental-ecosystem-accounts-for-the-central-highlands-of-victoria-full-report-high-res-40mb
http://www.nespthreatenedspecies.edu.au/publications-tools/experimental-ecosystem-accounts-for-the-central-highlands-of-victoria-full-report-high-res-40mb


 

 14 

 
Maes, J.,Teller, A., Erhard, M. , Liquete, C., Braat, L., Berry, P. and Bidoglio, G. (2013). 
Mapping and Assessment of Ecosystems and their Services, An Analytical Framework for 
Ecosystem Assessments under Action 5 of the EU Biodiversity Strategy to 2020. Office of the 
European Union, Luxembourg. doi: 10.2779/22870  
 
Maes J, Teller A, Erhard M, Grizzetti B, Barredo JI, Paracchini ML, Condé S, Somma F, 
Orgiazzi A, Jones A, Zulian A, Petersen JE, Marquardt D, Kovacevic V, Abdul Malak D, Marin 
AI, Czúcz B, Mauri A, Loffler P, Bastrup-Birk A, Biala K, Christiansen T, Werner B (2018). 
Mapping and Assessment of Ecosystems and their Services: An analytical framework for 
ecosystem condition. Publications office of the European Union, Luxembourg. doi: 
10.2779/055584  
 
Maes J., Fabrega N., Zulian G., B.A., Vizcaino P., Ivits E., Polce C., Vandecasteele I., M.,Rivero 
I., Guerra C., Perpiña Castillo C., V.S., Baranzelli C., Barranco R., B. e S.F.,Jacobs-Crisoni C., 
Trombetti M., L.C. (2015). Mapping and Assessment of Ecosystems and their Services: 
Trends in ecosystems and ecosystem services in the European Union between 2000 and 
2010, 10.2788/341839  
 
Martinez-Harms, M.J. and Bavanera, P. 2012. Methods for mapping ecosystem service 
supply: a review. International Journal of Biodiversity Science, Ecosystem Services & 
Management: 8(1-2), 17-25. https://doi.org/10.1080/21513732.2012.663792  
 
Martínez-López, J., K.J. Bagstad, S. Balbi, A. Magrach, B. Voigt, I. Athanasiadis, M. Pascual, S. 
Willcock, and F. Villa. 2019. Towards globally customizable ecosystem service models. 
Science of the Total Environment: 650(2):2325-2336. 
 
Neugarten, R.A., Langhammer, P.F., Osipova, E., Bagstad, K.J., Bhagabati, N., Butchart, 
S.H.M., Dudley, N., Elliott, V., Gerber, L.R., Gutierrez Arrellano, C., Ivanić, K.-Z., Kettunen, M., 
Mandle, L., Merriman, J.C., Mulligan, M., Peh, K.S.-H., Raudsepp-Hearne, C., Semmens, D.J., 
Stolton, S., Willcock, S. (2018). Tools for measuring, modelling, and valuing ecosystem 
services: Guidance for Key Biodiversity Areas, natural World Heritage Sites, and protected 
areas. Gland, Switzerland: IUCN. x + 70pp. 
https://portals.iucn.org/library/sites/library/files/documents/PAG-028-En.pdf  
 
ONS (Office of National Statistics, United Kingdom) (2017). Principles of Natural Capital 
Accounting, Office for National Statistics, London. Available from: 
https://www.ons.gov.uk/economy/environmentalaccounts/methodologies/principlesofnatu
ralcapitalaccounting  
 
Peel MC, Chiew FHS, Western AW and McMahon TA. 2000. Extension of Unimpaired 
Monthly Streamflow Data and Regionalisation of Parameter Values to Estimate Streamflow 
in Ungauged Catchments. National Land and Water Resources Audit Theme 1-Water 
Availability. Centre for Environmental Applied Hydrology, The University of Melbourne. 
 

https://doi.org/10.1080/21513732.2012.663792
https://portals.iucn.org/library/sites/library/files/documents/PAG-028-En.pdf
https://www.ons.gov.uk/economy/environmentalaccounts/methodologies/principlesofnaturalcapitalaccounting
https://www.ons.gov.uk/economy/environmentalaccounts/methodologies/principlesofnaturalcapitalaccounting


 

 15 

Seppelt, R, Dormann, CF, Eppink, FV, Lautenbach, S and Schmidt, S. 2011. A quantitative 
review of ecosystem service studies: approaches, shortcomings and the road ahead. J Appl 
Ecol, 48(3): 630–636.  
 
Shoyama, K. et al. (2017). A review of modeling approaches for ecosystem services 
assessment in the Asian region. Ecosystem Services: 26:316-328. 
http://dx.doi.org/10.1016/j.ecoser.2017.03.013  
 
Stein JL, Hutchinson MF Pusey BJ, Kennard MJ. 2009. Ecohydrological classification based on 
landscape and climate data. In Pusey BJ, Sheldon F, Kennard M and Hutchinson M (Eds). 
Ecohydrological regionalisation of Australia: a tool for management and science. 
Innovations Project GRU36. Land and Water Australia: Canberra. p. 1-48. 
http://lwa.gov.au/products/pn22591 
 
UN (United Nations), European Community, Food and Agriculture Organization, 
International Monetary Fund, Organisation for Economic Co-operation and Development & 
World Bank. 2014a. System of Environmental-Economic Accounting Central Framework 
2012. United Nations, New York. 
https://seea.un.org/sites/seea.un.org/files/seea_cf_final_en.pdf 
 
UN (United Nations), European Community, International Monetary Fund, Organisation for 
Economic Co-operation and Development & World Bank. 2014b. System of Environmental-
Economic Accounting Experimental Ecosystem Accounting. United Nations, New York. 
https://seea.un.org/sites/seea.un.org/files/websitedocs/eea_final_en.pdf  
 
UN (United Nations). 2017. Technical Recommendations in support of the  
System of Environmental-Economic Accounting 2012– 
Experimental Ecosystem Accounting. New York, United Nations., 
https://seea.un.org/sites/seea.un.org/files/technical_recommendations_in_support_of_the
_seea_eea_final_white_cover.pdf  
 
Vallecillo, S., La Notte, A., Polce, C., Zulian, G., Alexandris, N., Ferrini, S., Maes, J. (2018). 
Ecosystem services accounting: Part I - Outdoor recreation and crop pollination. Publications 
Office of the European Union, Luxembourg 
 
Vallecillo S., La Notte A., Zulian G., Ferrini S., Maes J. (2019a) ‘Ecosystem services accounts: 
valuing the service flow of nature based recreation from ecosystems to people’. Ecological 
Modelling, 392, 196-211 
 
Vallecillo S., La Notte A., Kakoulaki G., Kamberaj J., Roberts N., Dottori F., Feyen L., Rega C., 
Maes J. (2019b) ‘Ecosystem services accounting. Part II-Pilot accounts for crop and timber 
provision, global climate regulation and flood control, EUR 29731 EN, Publications Office of 
the European Union, Luxembourg 
 
Van Dijk, A.I.J.M., 2010. The Australian Water Resources Assessment System Technical 
Report 3. Landscape Model (version 0.5) Technical Description. CSIRO: Water for a Healthy 
Country National Research Flagship. 

http://dx.doi.org/10.1016/j.ecoser.2017.03.013
https://seea.un.org/sites/seea.un.org/files/seea_cf_final_en.pdf
https://seea.un.org/sites/seea.un.org/files/websitedocs/eea_final_en.pdf
https://seea.un.org/sites/seea.un.org/files/technical_recommendations_in_support_of_the_seea_eea_final_white_cover.pdf
https://seea.un.org/sites/seea.un.org/files/technical_recommendations_in_support_of_the_seea_eea_final_white_cover.pdf


 

 16 

 
Vertessy RA, Watson FGR, O’Sullivan SK. 2001. Factors determining relations between stand 
age and catchment water balance in mountain ash forests. Forest Ecology Management 
143: 13-26. 
 
Villa, F., K.J. Bagstad, B. Voigt, G.W. Johnson, R. Portela, M. Honzak, and D. Batker. 2014. A 
methodology for adaptable and robust ecosystem services assessment. PLoS ONE 
9(3):e91001.  
 
Wilkinson, M.D., et al. (2016). The FAIR Guiding Principles for scientific data management 
and stewardship. Scientific Data: volume 3, Article number: 160018 (2016). 
https://www.nature.com/articles/sdata201618  
 
Yebra, M. et al. 2015. Global vegetation gross primary production estimation using satellite-
derived light-use efficiency and canopy conductance. Remote Sensing of Environment 163, 
206-216 
 
Zulian, G, et al. 2018. Practical application of spatial ecosystem service models to aid 
decision support. Ecosystem Services: 29: 465-480. 
https://doi.org/10.1016/j.ecoser.2017.11.005  

https://www.nature.com/articles/sdata201618
https://doi.org/10.1016/j.ecoser.2017.11.005

