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1 Introduction

1.1  
Background
Ecosystems have been studied for hundreds of years. However, integrated modeling 
of them otherwise known as IEM has been a concept for around thirty years (Laniak 
et al. 2013). Due to the complexities of this field of study with the added benefit of 
the rise in modern technology, various other acronyms have made their way into the 
field, Virtual Research Environment (VRE), Environment Virtual Laboratories (EVL), 
Virtual Collaborative Organization (VCO), and more.

1.1.1  
Definition of ecosystem services

The delicate ecosystem holds many services. Boyd and Banzhaf (2007) describe, “Final 
ecosystem services [as] components of nature, directly enjoyed, consumed, or used to 
yield human well-being”. These services range from forest fire prevention, to flood 
protection and can be broken down into three categories, provisioning, regulation, 
and cultural (MA 2005). Each category has been attributed with numerous indicators. 
Costanza et al. (1997) estimated the aggregated annual value of 17 of the world’s eco-
system services across 32 land cover types average value around 33 trillion US dollars, 
ranging from 16-54 trillion (Costanza et al. 1997; Balmford et al. 2002). With means to 
monitor and valuate the services, management practices have been put into place to 
achieve stability. A portal for ecosystem service indicators is under development in 
connection with the Finnish portal for biodiversity (www.biodiversity.fi).

Ecosystem service management is integrated over many factors. Christensen et 
al. (1996) describe it as, “management driven by explicit goals, executed by policies, 
protocols, and practices, and made adaptable by monitoring and research based on 
our best understanding of the ecological interactions and processes necessary to 
sustain ecosystem structure and function”. The sheer significance of this practice 
and complexities within are worth it for as Christensen et al. (1996) state, “We should 
manage so as not to deny future generations the opportunities and resources we enjoy 
today”. This is where ecosystem service virtual laboratories come in.

1.1.2  
Definition of virtual laboratories/environments

Virtual laboratories are means of managing ecosystem services through collaboration 
without the disruption of distance. They enable researchers with common interests 
and goals from a diverse range of backgrounds to function as a coherent unit (Dutton 
and Jeffreys 2010; Bracken et al. 2014). They also allow for awareness and global ed-
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ucation. Many have been skeptical by this culture change as valuation of ecosystem 
services move towards the ‘clouds’ (Emmett et al. 2014).

The Cloud allows for elasticity in E-Research and is collaborative and multidiscipli-
nary in nature. The National Institute of Science and Technology (NIST) as reported 
in Emmett et al. (2014) stated, “Cloud computing is a model for enabling ubiquitous, 
convenient, on-demand network access to a shared pool of configurable computing 
resources (e.g., network, servers, storage, applications, and services) that can be rap-
idly provisioned and released with minimal management effort or service provider 
interaction,” (pp. 19). Multidisciplinary stems from that fact that the field covers a 
substantial amount of disciplines. From policy makers to biologists, from program-
mers to limnologists, it is a complicated cycle of decision/policy and modeling/
monitoring (Laniak et al. 2013).

There are many virtual laboratories (VL) currently and previously used especial-
ly concerning ecosystem services. The UK launched in 2012 a pilot program titled 
“Environmental Virtual Observatory (EVO)” that pilot was completed in 2014 with 
the mission to integrate fragmented data, models, and tools to deliver new holistic 
approaches to environmental challenges. They examined examples from three differ-
ent scales, local, national, and global, climate change being an example of a project 
evaluated on a global scale (Emmett et al. 2014). There have also been ones released in 
the United States such as HydroDesktop (Version 1.0 released June 2009 by CUAHSI 
HIS) where just the ecosystem services concerning hydrology were examined (CUAH-
SI 2009; Ames et al. 2012; Laniak et al. 2013).

1.2  
Call to Action
With all this advancement there still exists a lack of a common understanding about 
how best to deploy e-Infrastructures for biodiversity and ecosystem research. There 
is over 650 different biodiversity informatics globally that are vastly technically dif-
ferent (Hardisty et al. 2013). This paper goes through the need for alignment within 
this sector.
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2 Quantifying Synergies 

2.1  
Motivations
There is great potential for ecosystem models to improve understanding of the 
biosphere and inform policy decision makers about biodiversity and conservation 
(Purves et al. 2013). The opening of data on ecosystem service indicators through 
virtual laboratories will assist in educated local and national management deci-
sion-making (Farber et al. 2006; Holmberg et al. 2015).

The benefits of Virtual Research Environments (VREs) are becoming more known 
and thus are being more widely utilized (Ludascher et al. 2006; Peterson et al. 2010). 
With this there has been an increased need to establish standardization processes of 
gathering, linking, displaying, and analyzing different data domains of the compu-
tation community infrastructure (Peterson et al. 2010). 

There are many factors that impact the design of VREs (scientific advancement, 
sustainability costs, participation, etc.) and therefore the flexibility of the environment 
is crucial (Bracken et al. 2014). One key factor is the participants or targets. These 
targets hold great potential to assist with ‘discovery pipelines’ (Peterson et al. 2010).

2.2  
Target Group
One of the problems with virtual laboratories (VL) is determining target groups. 
Currently in the ecosystem service sector, there is a wide range of targets: citizens, 
decision makers, researchers, etc. (Holmberg et al. 2015). This diverse collection com-
plicates the narrowing of a specified target group. It is possible to make a VL that is 
basic that can encompass the spectrum. However, having such a broad description 
can lose credibility by “dumbing down” the science. Another plan of action is divide 
the VL into departments within the program for each target group. Although, then 
the problem evolves to consist of where to draw the line between groups. 

It is recommended that to use the latter when building an ecosystem service virtual 
laboratory. This is believed to have a higher effectiveness and efficiency when com-
municating with users. The division of these targets could be transparent by allowing 
the user to navigate between. An example is if a teacher would like to navigate to see 
how her students could view the student’s portal. However, for the more specialized 
targets (e.g. decision makers and researchers) it is recommended to have credentials 
for logging in. This would allow for personalized customization of various forum 
options (e.g. a comment forum for potential bugs, management review).

Currently in the ecosystem service virtual laboratories (VL) sector there are many 
different ways to address all intended groups, each with its own complication. How-
ever, with more thorough understanding of what the various end-users find impor-
tant these complications could be minimized.
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2.2.1  
End-user verification
The end user needs to be incorporated in the early stages of the design process if the 
virtual research environments (VRE) are to be made effective and efficient (Bracken 
et al. 2014). To be able to reap the full potential of a virtual laboratory (VL) the VL 
must determine the key necessities from the target group(s).

A suggestion would be to perform analysis of importance from the end-user(s). This 
end-user verification can assist with crucial feedback that allows the VL to be released 
closer to optimum rather than going through many cycles saving time and money.

There are various ways to perform this analysis. Strategies such as usability tests, 
stress tests, interviews, and questionnaires are among the most common (Bracken et 
al. 2014). The importance of stakeholders is reiterated throughout science, why should 
a VL be any different (Laniak et al. 2013; Hering et al. 2015)?

A study conducted on the OJAX++, a virtual laboratory targeted for biologist, in-
vestigated end-user verification. A team of 8 performed the study at the University 
College Dublin in the School of Information and Library Studies. The analysis showed 
promising results of how to more widely gain the acceptance of virtual laboratories. 
One key finding was for a VRE to be formatted with upfront user expectations to 
allow users to easily determine the potential benefit (Bracken et al. 2014). If a project 
hopes to gain awareness to the general public as well as including citizens in the 
science, the general public must be incorporated into the design (Bonney et al. 2009).

Conclusions drawn from the OJAX++ were not unique to the study. Many analyses 
of VL report the need for better organization and accessibility (Peterson et al. 2010). 
Accessibility can become hard as technology has moved away from the dependence 
on computers with the progression of smartphone technology. Due to the enormous 
amount of data necessary for modeling, the accessibility of all devices has not been 
made possible yet. Bracken et al. (2014) analysis of OJAX++ determined that discus-
sion, access to collaborator and colleagues, repository, article sharing, critical mass 
of users, customization, originality, filtering and searching were required of a VRE 
to be successful for biology researchers.

There are other conclusions surrounding ecosystem services VL specifically. A 
lesson from the Global Biodiversity Assessment (GBA), the Millennium Ecosystem 
Assessment (MA) and the Intergovernmental Panel on Climate Change (IPCC) is that 
assessments should evaluate consequences of real policy options to help give more 
probable guidance to policy makers (Perrings et al. 2011). While extremes are good 
to establish a spectrum, incorporating a more narrow and deeper approach (local vs. 
global) is more practical from the policy maker’s position (Farber et al. 2006; Peterson 
et al. 2010).

There are many ways to conduct user verification analysis. Laniak et al. (2013) goes 
through evaluation methods for the models themselves as Bracken et al. (2014) discuss 
the communication between the platform and user. Laniak et al. (2013) includes a 
detailed table of model frameworks and connections to the IEM community. In order 
to achieve the optimum output of virtual research environments (VREs), end users 
[target group(s)] need to be incorporated into the design.
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3 Tradeoff Between Ecosystem Services

3.1  
Valuation Process
Analysis of ecosystem services surrounds the idea of comparing one service against 
one another. This is very important as ecosystem management decisions inevitably 
involve trade-off analysis assisting with the selection of the most cost-effective man-
agement option (Farber et al. 2006). Trade-off analysis is one of the main motivations 
for building a virtual laboratory (VL) as it contributes to ecosystem management 
as well as educating and collaborating on a wide scale (Anttila 2014). There are nu-
merous techniques for trade-offs analysis and further analysis can be conducted in 
multiple ways to evaluated future scenarios which are then presented in an array of 
ways (map, histograms, etc.).

Trade-off analysis of ecosystem services integrates the complexities of ecology 
with the convolutedness of economics. This is done to explain the effects of human 
policies and impacts both the ecosystem and human welfare (Christensen et al. 1996; 
Farber et al. 2006). A value can be determined from various points of view, public, 
law, or nature (Kahn 1998). Classification of these services then assists the valuation 
process (Kolstad 2000). However, there are many challenges of the valuation process 
associated with trade-off analysis (Ring et al. 2010).

Challenges from ecosystem service trade-off analysis mainly concern the valuation 
process. There are many values that can be forgotten or that have no way of calculat-
ing. An example is crops can provide an income with a monetary value associated. 
However, they also impact biodiversity, soil, and more. Due to the challenges asso-
ciated with valuating ecosystem services, safety factors are used to account for these 
challenges/uncertainties.

Ecosystem management constantly tries to find an equilibrium point (Christensen 
et al. 1996; Kahn 1998). This point is where the willingness to pay and marginal cost 
intersect to find the optimum quantity associated with a specific monetary value. 
Further explanation of calculating this value can be found in Kahn (1998).

3.1.1  
Consensus on valuation

Due to the complexities of each ecosystem service there are various ways of valuating 
them. These values can then change depending on geographical and socio-cultural 
characteristics and therefore the values are generally recorded as ranges (Ring et al. 
2010). For that, comparison between the tradeoff can be scrutinized.

The Economics of Ecosystems and Biodiversity (TEEB) study had found that 
ecosystem service values are not taken into account or are under-valuated in de-
cision-making, which has contributed to the loss in biodiversity (Ring et al. 2010). 
However, this study is not the only one with this conclusion, many studies find that 
ecosystem services are under-valuated especially when concerning decision making 
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policies (Balmford et al. 2002). The TEEB initiative has a goal of synthesizing the val-
uation of ecosystem services (Perrings et al. 2011). However, there is still much to be 
done. The numerous techniques on how to valuate an ecosystem service has made 
the valuations process complicated to understand, validate, and at times replicate 
(Christensen et al. 1996; Balmford et al. 2002; Farber et al. 2006; Ring et al. 2010).

There are different values associated with an ecosystem service. There is replace-
ment-cost, avoided-cost, and conjoined-cost. Within each of these there is a difference 
in valuation, scaling from 0-10, low/medium/high, percentage, +/-, monetary value, 
and more.

Replacement–cost is when values are directly tied to services. These services are 
ones that are valued to a certain degree if needed to replace (Farber et al. 2006). An 
example is soil erosion; it is valued at a certain degree in terms of increased crop yields 
through income and consumer savings.

Avoided-cost is self-explanatory. It is a cost that is attributed to the lack of a certain 
service. An example of this valuation would be flood protection from forests; a cost 
is then valuated from the other means that would be needed to be put in place in the 
absence of forests for flood protection (levees, dams, etc.) (Farber et al. 2006).

Conjoined-cost is the bundling of ecological services. It is used when placing a 
value on a service at once is too ambiguous or because the service does not gain 
value unless combined. Ecosystem services generally are very interconnected and 
therefore bundling occurs (Ring et al. 2010; Matzdorf and Meyer 2014). Such as 
combining the differing levels of flood protection and fishery yields. These are all 
based on cost. There are also other ways of valuating through revealed-preference 
and stated-preference.

Revealed-preference related to the valuation social preference. Examples of this 
are travel/tourism cost, market, hedonic, and production. Valuation of these can be 
in terms of monetary value or spectrum. Stated-preference is the valuation that is 
directly relating to what people are willing to pay or accept compensation for (e.g. 
clean air).

On top of these processes listed above there are also temporal trade-offs, spatial 
trade-offs, interpersonal trade-offs valuation process and many more (Ring et al. 
2010). Due to the complication of tradeoff analysis and the level of uncertainty, many 
tradeoff analyzers recommend using the results as more of guidelines instead of 
absolutes to account for a “safety factor” (Christensen et al. 1996).

Services are valuated depending on location. Therefore, some researchers divide 
them into “ecosystem service districts.” This is contrasted to focusing on narrow sets 
of services (Heal et al. 2001). However, the difficulty with this approach is determin-
ing what ecosystem service takes precedence to determine the district. Thus, many 
researchers revert back to analyzing scales (e.g. local, national and global) to valuate 
ecosystem services.

There is a varying degree of measurability between different methods, associated 
with different levels of uncertainty (and/or “safety factors”) (Christensen et al. 1996). 
The intricate process of valuing ecosystem services impacts the implementation of 
management based off of trade-off analysis (Farber et al. 2006). Ring et al. (2010) 
state that the biggest, “economic challenge is to apply suitable valuation methods 
for estimating biodiversity benefits and to highlight appropriate instruments to deal 
with the challenges,” (p. 18). There is a need to develop suitable and sustainable 
ways of valuating ecosystem services as well as affirming documentation for reuse 
of techniques.

It is recommended that projects such as ESLab assist in setting a baseline for trade-
off analysis. These guidelines should be well documented to insure repeatability. 
Thus, the reuse of data supplied and information portrayed (via maps, histograms, 
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etc.) will be more widely understood and contribute more to the community and its 
overarching goal of decision making.

3.2  
Scenarios
Trade-offs can be examined using scenario results from models. These can be present-
ed in a map-user interface within virtual laboratories (VL) to visualize the changes 
in the ecosystem services caused by disturbance/change in ecosystems (natural or 
anthropogenic origin) (Anttila 2014). However, how should these scenarios be deter-
mined? Should they be user defined determining a certain increase in one service (e.g. 
30% more logging) or should they be set (e.g. “business as usual”) or should they be 
extremes (e.g. high, medium, low policy protection/consumption)?

It is inevitable that scenarios will differ. The Intergovernmental Panel on Climate 
Change (IPCC) Special Report on Emissions Scenarios (SRES) project developed 
scenarios in 2000 relating specifically to climate change (IPCC 2007; van Vuuren et 
al. 2011). A new model was introduced titled Shared Socioeconomic Pathways (SSP) 
with SSP1, SSP2, SSP3 and SSP5 modified respectively from A2, B2, B1 and A1FI 
(van Vuuren and Carter 2014). Both of these are still referenced as well as many other 
outcomes that differ temporally in increments (e.g. 30 year intervals).

While these scenarios are beneficial because they provide a wide spread of results 
it is suggested to narrow the scope for ecosystem service virtual laboratories. If ES-
Lab is mainly to be used for ecosystem management and decision making, then the 
scenarios should be devised as such as done in other models similar to ARIES and 
i-Tree (Laniak et al. 2013; Matzdorf and Meyer 2014). ARIES (Artificial Intelligence 
for Ecosystem Services) is a web-based tool that assess 12 out of the 32 ecosystem 
services provided in the Chehalis Basin by the University of Vermont with varying 
policy scenarios over temporal and spatial scales (Batker et al. 2010). I-Tree is a soft-
ware program that assesses forestry service and disservices to assist with management 
policies and is implemented with policy assertion (e.g. air pollution regulation) (Baro 
et al. 2014). Currently, ESLab’s scenarios are mainly temporal scenarios (year based 
increments). An example is to have a policy for logging as a scenario, or scenarios with 
the absence of such. ESLab does use similar scenarios involving agriculture and the 
differing demand (Holmberg et al. 2015); however it is suggested to incorporate this 
way of modeling into the other sectors of the virtual laboratories. Other scenarios can 
be included as well, although to reap the most benefit for policy personnel, practical 
scenarios are most preferred.

Scenarios vary greatly depending on the scale. Scalability here relates to local, 
national, and global. As stated prior, ecosystem services vary greatly in valuation 
depending on scale (Batker et al. 2010). How can valuation between scales be flexible? 
One way is to make the valuation more broad. However, that is then believed to lose 
credibility for basing management policies off of broad explanations.

The analysis of ecosystem service virtual laboratories should first narrow their 
scope of scenarios to policies when analyzing for management purposes. This eco-
nomic valuation of ecosystem services provides an estimate of economic trade-off of 
which to determine cost-efficient practices (Brown 2013). ESLab currently does narrow 
its spatial scale by examining on local and national levels as suggested (Holmberg 
et al. 2015). The combination of many narrow scopes (at the national and local scale) 
could then be combined for larger scaling. 
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3.3  
Presentation of Results 
There are enormous amounts of opportunities in which to present ecosystem service 
tradeoff results. Examples include maps, histograms, infographics, and more. Verifi-
cation on which type of presentation technique is most effective for the various target 
groups can come from user examination.
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4 Multidisciplinary Communication

4.1  
Worldwide
Trade-off valuation integrates priorities through thorough communication. Open 
lines or ‘open pipelines’ of communication is critical in setting goals and priorities for 
research needs (Christensen et al. 1996; Peterson et al. 2010). These pipelines especially 
in virtual laboratories (VL) bridge between many disciplines (Argent 2004). Integrated 
environmental modeling (IEM) is in its nature multidisciplinary (Laniak et al. 2013).

On the global scale, the integration also involves multicultural communication. 
Language and culture barriers as well as the constant adaptation to local verbiage, 
can lead to misunderstanding on a wide scale. While this is not the focus of the pa-
per, it should be noted and taken into account when analyzing the target group for 
a wider scaled project.

4.1.1  
Common vocabulary

Lack of a common vocabulary spans a range of problems. This is not solely a lack 
within the field relating to the DNA/taxonomy breakdown of various species. This 
also encompasses the division between disciplines. Even within the field of science 
there is conflict as to what the exact definition of an ecosystem service is (Boyd and 
Banzhaf 2007). 

Harmonization of nomenclature is a task across projects. It is indeed a project 
in itself. Hardisty et al. (2013) aid in understanding a solution by stating that the, 
“Progress will require a common agenda… reduc[ing] the apparent diversity of 
web resources without reducing the diversity of services required by a diverse user 
community”. GNA-Global Name Architecture and GNI-Global Names Index pro-
vide some essential sematic cross-links in nomenclature. However, a long list is not 
optimal, but rather a classification bank such as Global Name Usage Bank (GNUB) 
that would define the hierarchical classifications within the department. This idea has 
been done in projects such as “HydroSeek,” which resolves semantic heterogeneity 
issues between data repositories (Ames et al. 2012). Bridging this nomenclature will 
ultimately assist in bridging the accumulated information built over the past 300 years 
and for futures to come (Hardisty et al. 2013).

The failure to standardize definitions has provided many barriers within the field of 
ecosystem services. Constructing a list of vocabulary (both DNA/taxonomy and field 
specific) for this spectrum will help consolidate comprehension. This can be done by 
including a glossary in the program. Many projects have already begun to incorporate 
this idea on project homepages such as the Managing Aquatic ecosystems and water 
Resources under multiple Stress project (Hering et al. 2015). This glossary provides 
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a very useful framework on which to base constructive communication. When the 
basics, such as definitions, vary within a project team, easily avoidable problems arise.

HydroDesktop is another example of this cohesion. It was developed with a simple 
interface that is deemed easily understood using common language and easily used 
regardless of the operator’s technical background (Ames et al. 2012). HydroDesktop 
software’s target group ranges from university faculty to graduate and undergradu-
ate students, from primary school students to engineering and scientific consultants, 
and others to operate within a relatively uncomplicated software environment (Ames 
et al. 2012). This application provides a great example of how to overcome this lack 
within this department.

There are other ways to solve this issue of language. While it is important to have 
a basic verbiage supplied, the choice of words can be differentiated depending on 
users’ proficiency. If the program was to be divided depending on the user’s interest 
and background (e.g. a student for school, or a teacher for fun, etc.) the comparable 
language can be used. The Environmental Virtual Observatory pilot (EVO pilot) that 
was released in the UK spring 2014 had a similar idea where on the homepage a par-
ticipant can merely select the portal depending on interest (Emmett et al. 2014). It is 
recommended to possibly monitor this more thoroughly by requiring a participant 
to develop a user name and password while filling out a quick questionnaire. The 
results from the questionnaire would provide feedback to the program to differen-
tiate the possible level of language and provide the project with statistics on target 
group representation. This can be very useful for effectiveness and efficiency for the 
diverse target groups.

Common language should be focused for all target groups. In Finland there are 
two native languages, Finnish and Swedish. These languages as well as the language 
level associated with each target group should be taken into consideration. Also if 
international cooperation is of interest, English and potentially other languages would 
be encouraged to be incorporate into the program. Understanding the knowledge 
and language base of the target group allows a project to provide linkages between 
scientific and everyday languages (Ames et al. 2012). If citizen science is an intended 
target, then common citizen language should be incorporated.

4.1.2  
Common understanding of diversity instruments

Technology has increased exponentially with the diversity between instruments 
comparable. This seeming advancement has brought up many disadvantages. The 
ever expanding array of tools has led to lack of common understanding of the tools’ 
capabilities and uncertainties.

These tools can range from the way data is collected to way the data is shared. If the 
uncertainties are not properly understood, the data becomes worthless. Around 80% 
of the millions of species on Earth are undescribed, standards must be set in place, 
so that when described they are described properly (Purves et al. 2013). Digitizing, 
semantically enhancing, and mobilizing biodiversity sources is a must (Parr et al. 
2012). Parr et al. (2012) spoke of the great importance to: “Link together evolutionary 
data across the great Tree of Life by developing analytical tools and proper docu-
mentation and then use this framework to conduct comparative analyses, studies of 
evolutionary process and biodiversity analyses”. There is a need to set standards in 
this documentation through the standardization of the tools used.

There is also a need to standardize the sharing of this data collected. The nonprof-
it international group, OpenMI (Open Modelling Interface, www.openmi.org), is 
dedicated to setting standards for exchanging data between environmental models 
(Argent 2004; Laniak et al. 2013). More projects should align current methods, such 
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as OpenMI does, to instil a standard baseline for the sharing of data. If data is shared 
without proper documentation, the data can become worthless due to the high level 
of uncertainty (further explanation in section 5.1.2).

There is a need for standardization of the instruments used and data supplied to 
more thoroughly understand the parameters and optimize the reuse capabilities of 
data. Even if the data becomes ‘open’, it is still deemed useless if the parameters are 
not properly understood. The adherence to these standards would diminish uncer-
tainties and allow for complete use of the potential of the data collected.

4.2  

Modified Integration
Environmental modeling teams (e.g. ecosystem service virtual laboratories) are inher-
ently multidisciplinary (Laniak et al. 2013; Goring et al. 2014). A team consisting of 
numerous disciplines is a challenge in itself. When adding the difficultly of supplying 
part of the communication virtually, the complications increase tenfold. However, 
there are ways of decreasing the miscommunication of the various group dynamics.

4.2.1  
Sustainable multidisciplinary communication

The word “community” is reiterated in science, a “community” of researchers, a 
“community” of scholars, etc. Integrated Environmental Modelling (IEM) is multidis-
ciplinary and therefore involves a “community” (Laniak et al., 2013). This community 
must communicate effectively in order to be successful.

There are many ways to set up effective lines of communication. These “pipelines” 
can be done via the Virtual Research Environment (VRE) itself. One suggestion is to 
set up a tab on the project’s website that remains invisible to the public, but with the 
proper credentials project team members can view it. This tab can be another forum 
to notify other members of updates to the software, possible bugs, or merely a form of 
communication. BioVeL has a system similar to this in which on their webpage they 
have a forum to comment (Vicario et al. 2011). However, this forum can be accessed 
by all and therefore is vulnerable to inefficiencies relating to distracting commenting 
(Donvito et al. 2012; Mathew and Güntsch 2012). To minimize possible disruptions 
and/or distractions from this forum it is recommended to keep it visible only to an 
intended target group. 

There can also be another tab per target group in which they too can report diffi-
culties, bugs, or misunderstandings. This is especially useful in constantly monitoring 
the effectiveness of the program through target group feedback. Distinguishing target 
groups communication helps differentiating priorities. An example of this is possibly 
being more thorough on monitoring the researcher forum for mistakes concerning 
terminology and less on the citizen page.

Another suggestion is to use a completely different interface for communication. 
The project could use an interface like OJAX++ that was intended for biology re-
searchers (Bracken et al. 2014). In this VRE you can share articles, communicate, hold 
meetings, and more. There are other VRE’s common to OJAX++ (e.g. google with 
google docs and google conferencing) that can be used.

There are many benefits to interdisciplinary collaboration. Goring et al. (2014) 
state these benefits include, but are not limited to, “Greater visibility within the 
scientific community…, increased publication rates, higher probability of participa-
tion in future collaborative research projects, and the potential for greater success in 
obtaining future funding”. There are inevitably costs for bridging this collaboration, 
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but researchers should be rewarded and recognized for the greater effort that multi-
disciplinary projects entail (Goring et al. 2014).

It is important to keep up communication with the wide array of decision and 
science stakeholders that are involved in an ecosystem service virtual laboratory 
project (Argent 2004). While communication within the project holds the highest 
priority (i.e. researchers and decision makers), other participants (e.g. citizens) should 
not be forgotten.

4.2.2  
Draft Model

As stated, communication is a key to a successful project. Bi-weekly meetings, virtu-
ally or otherwise, allow for a foundation for the team. A model has been constructed 
to give a possible suggestion for a setting up communication ‘pipelines’ within a 
Virtual Laboratory (VL) associated with ecosystem services.

The team should not only be divided on tasks, but also on target groups. This 
way each member can be responsible for updating their target group and insuring 
communication. Also one team member should be responsible for cross-discipline 
communication. This could be handed out to many members (e.g. one person in 
charge of biologist-modeler communication); although it suggested that one person 
might be more effective. Therefore, this person can be in charge of updating the entire 
group to keep everyone aligned and on the same page. Generally, this would be the 
project leader.
 

Fig 1. Cross communication between project disciplines and target groups.
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Box 1. 

Description of Model:  Note that there are many differentiating characteristics of this 
model.  The difference in shape denoted responsibility (more angles=more responsi-
bility). This is also reiterated with color (darker color=more responsibility).  There is a 
difference of line type.  There should always be communication throughout the project 
team denoted by a dashed line.  Direct communication is denoted by a solid line.  Finally 
there are, ”…” at the end of each group represents the other disciplines and target 
groups within the project that are not otherwise specified.
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A diagram of this cross communication has been supplied in Fig 1. Note that 
there are many distinguishing features. Refer to Box 1 for clarification. The diagram 
intends to denote responsibility of project team groups with specific target groups. 
The specific linkages (e.g. biologists with decision makers) is thought to be flexible 
(i.e. biologists could be responsible for communication with the public instead).

Trade-off valuation analysis integrates numerous disciplines and the priorities 
associated with each. Opening up pipelines of communication throughout the pro-
ject team and the associated target group(s) is crucial in setting goals for research 
needs. These pipelines are especially important for virtual laboratories (VL) as they 
provide a bridge between disciplines and target group(s). In order to have optimum 
communication it is recommended that vocabulary, instrument understanding, and 
communication pipelines need to be taken into consideration.
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5 Evaluation of Virtual Laboratories

5.1  
Voids in Virtual Laboratories
There are a few remaining voids in current biodiversity informatics. There is a lack 
of keeping up with innovations, a lack of mainstream practices, and a lack of proper 
forms of credibility.

5.1.1  
Keeping up with the innovation curve

Innovation is a trademark of science.  To think outside the box, create and learn is 
something scientists pride themselves on. But sometimes the constant graveling to 
stay ahead of the curve holds scientists back from optimal performance.

Instead of fighting for the next invention, it would be wiser to perfect the ones 
already in the market. Virtual Research Environments (VRE) have been proven to be 
useful in providing an open, collaborative, sharing, and social learning environment 
and have been shown to drive innovation and growth (Laniak et al. 2013). The defi-
nitions and the systems themselves are constantly evolving and should continue to 
as the world is ever changing (Bracken et al. 2014). 

‘Disruptive’ innovations will only continue with further implementation of new 
technologies such as the ‘cloud’ etc. Instead researchers should coordinate data flow, 
testing the volumes of data, etc. should be emphasized in research (Laniak et al. 2013). 
The focus should not be on technology-oriented, ‘gee-whiz’ gadgets (Peterson et 
al. 2010). The focus should be on optimizing what is currently in the market to first 
provide a stable foundation for the sector to build on.

Citizen science is a new sector of science. Instead of scientists and monitoring 
personnel solely being in the field, modern day science has utilized its citizens for 
data collection. This is a global movement. Consortium of Universities for the Ad-
vancement of Hydrologic Science Inc.-Hydrologic Information System (CUAHSI HIS 
www.cuahsi.org/his) team has recruited citizens to contribute to their science. They 
have volunteers from the hydrologic sciences community as well as their own team 
member to share a discussion forum, bug tracking system, documentation WIKI, and 
an open Mercurial code-sharing repository (Ames et al. 2012). BioVeL, a Biodiversity 
Virtual e-Laboratory (www.biovel.eu), employs the same strategies as CUAHSI HIS 
having their own forum, bug tracking system, wiki and allowing individuals to be-
come “friends of BioVeL” (Vicario et al. 2011). 

Citizen science enlists the public in recording large quantities of data across a 
multitude of locations, habitats, and time spans (Bonney et al. 2009). Other projects 
include Sweden’s LifeWatch project, with the slogan referring to data collection as, 
“by anyone, in any place, at any time!” (Ivarsson 2013). eBird, a project started by 
Cornell Lab of Ornithology (CLOs), engages thousands of individuals in collecting 
and submitting bird observations, investigating projects, visualizing data through 
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graphs and maps, and even analyzing data themselves. In ebirds entirety it has been 
able to gather tens of millions of observations each year (Bonney et al. 2009). Citizen 
science is something that ESLab, the ecosystem service virtual laboratory team, should 
take advantage of as well.

There are many difficulties with this approach. There are inherent complication 
in estimating and controlling for detectability when supplied citizen data. For that 
citizen science data is generally more suitable for computing indices of relative abun-
dance rather than exact or absolute values (Bonney et al. 2009). There should be 
standards set for the citizens to record data supplied to the system. Organizing sem-
inars (web seminars too) and supplying manuals for procedures would assist in the 
accuracy of data gathered. Completion of these would then grant the citizens allow-
ance to supply data to the system. This data would be digitalized as digitalized data 
fosters data reproducibility and re-use (Parr et al. 2012). Also if images were collected 
as well as the citizens guess as to the identifications of species, the project team can 
monitor the accuracy of data being recorded. An example with bird observations is 
if citizens were recommended to take photos of the birds they record in their data 
logs. If ESLab intends to incorporate citizen science, these concerns should be taken 
under advisement.

Instead of using extensive funds on pushing innovations through, projects like 
ESLab should perfect the systems they currently have. One example is through crowd-
sourcing. Citizen science is remarkably successful in advancing scientific knowledge 
and helps in educating about ecosystem services (ignorance being a huge challenge 
in valuating ecosystem services) (Bonney et al. 2009; Ring et al. 2010). The industry 
needs to prioritize the development of approaches that facilitate synthesis of current 
processes including citizen science and sharing of data to generate new knowledge 
(Peterson et al. 2010). 

5.1.2  
Proper mainstream practices

As discussed in Section 4.1.2, there is a lack of mainstreaming practices. There needs 
to be consolidation between practices and agencies. This consolidation involves all 
practices from recording of data, to sharing of data. There is already movement to-
wards this, but there needs to be more (Ring et al. 2010; Laniak et al. 2013).

Ways of consolidation involve the opening of data movement with various or-
ganizations. Sharing findings and practices through workshops, seminars, training 
sessions, and conferences are great ways of overcoming this problem. The BioVeL 
and EVO projects currently implement these into their projects. EVO even supplies 
participants with online webinars.

Alignment globally will be difficult. Therefore, it is suggested that ESLab should 
first focus on the European scale, aligning itself with NSF EarthCube, NSF Neon, 
Knowledge Systems for Sustainable Landscape Management Initiative, Belmont 
Forum, Global Earth Observation System of Systems (GEOSS), Infrastructure for 
Spatial Information in the European Community (INSPIRE), European Shared En-
vironmental Information System (SEIS), Water Information Service Europe (WISE), 
and others (Perrings et al. 2011; Hardisty et al. 2013; Bracken et al. 2014). Once that is 
well established, this goal should be reiterated internationally.

If there is alignment between agencies, this expands the possibilities of the reuse 
of data and for it to be processed automatically (Laniak et al. 2013; Evangelidis et 
al. 2014). But this cannot be done without international cooperation on establishing 
technical standards (Emmett et al. 2014; Evangelidis et al. 2014).

There is already movement to establish standards. Currently, ESLab needs to 
make sure that the program meets ‘Quality of Service’ requirements set by INSPIRE 
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directive dedicated to developing interoperability standards (EC 2013). Levels of 
Interoperability can be defined as Conceptual, Dynamic, Pragmatic, Semantic, Syn-
tactic, Technical, and none (Laniak et al. 2013). However, this movement needs to be 
encouraged to keep moving.

Present day informatics systems are not up to par for being capable of tracking 
disparate data sources due to the lack of synthesis (Peterson et al. 2010). Peterson 
et al. (2010) stated that, “Data provenance will continue to be a crucial aspect of 
the future of biodiversity informatics, because different data sources have varying 
degrees of reliability”. Standards need to be set in order for data that is now being 
“opened” to be utilized with reliable documentation to completely comprehend the 
specifications of the data collected and to be able to reused the data (Christensen et 
al. 1996; Peterson et al. 2010).

5.1.3  
Proper credibility

There are many barriers to data sharing dealing with “intellectual capital” (Bracken 
et al. 2014). Recent studies have shown that the lack of attendance in the virtual 
laboratory (VL) movement is due to the lack of credit given. Many scientists and re-
searchers base their worth off the amount of publications and inventions they hold. 
When opening up data this credit is seemed to be lost.

The Virtual Research Environment (VRE) OJAX++ was analyzed and found prob-
lems concerning credibility (Bracken et al. 2014). One of the major problems or rea-
sons for apprehension of the use of OJAX++ was that the researchers did not see the 
worth in sharing their data. They were skeptical of the benefits due to the lack of 
straightforward credit.

The Environmental Virtual Observatory pilot EVOp found similar issues. To try 
to combat these before their release spring 2014 they developed privacy controls. 
They also dealt with Intellectual property/copyright issues, data licensing (output 
mainly), legal issues, security problems, and the conflict between commercial and 
private (Emmett et al. 2014). However, Emmett et al. (2014) states that EVOp was able 
to overcome these by building in security, “Striking the right balance (confidentiality, 
integrity and availability): A clear understanding of the core principles and their cor-
responding priorities is important in the ‘Security by Design’ approach,” (p. 13). This 
security also alerts the team if there is abnormal activity which is a recommended 
function when monitoring a similar program.

It is common for researchers’ jobs and job bonuses revolve around publications 
and inventions (Goring et al. 2014). Also the acceptance into journals does take into 
consideration the author’s statistics of these two characteristics (Goring et al. 2014). 
Therefore, there is a clear reason to be skeptical. And there is a clear reason why this 
skepticism needs to be solved in order to move this industry forward.

There are many suggestions to solve this problem of credit. A simple one would be 
to include a “credit” tab on the projects website. This tab would include the project 
team members and all their contributions. There could also be credits for the other 
target group(s) members that may have facilitated or assisted in the development. 
This would also give another incentive to citizens to contribute. This then can be cited 
as an achievement when applying for grants and journals similar to how previous 
publications would be cited, and would relieve researchers from the pressure to 
publish (Goring et al. 2014).

There are many other suggestions to help solve the citation issue. Many research-
ers’ publications are judged on the amount that the article is cited in the scientific 
world. If the data or information used on the open website were to be used in other 
projects then the data/information should be cited. The number of times this data is 
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cited should then be recorded similar to how many times journal articles are cited is 
recorded. Currently on many journal articles stated in the bottom it reads, “please cite 
this….” and then provides a caption of how the article is to be cited. The project team 
could do the same for their information provided in virtual laboratories (VL). This 
could be included in an additional tab titled “using the data.” Or it could be a caption 
that remains at the bottom of the webpage to remind the user to cite the information 
and how to cite it properly. While it might not be a peer-reviewed journal article VL 
contributions still deserve credit.

Journals are also recommended to acknowledge this development. As the science 
world is ever changing, the rubric on which we judge it should follow. Journals need 
to expand past traditional metrics on which to evaluate research (i.e. multidisciplinary 
research e.g. ecosystem service virtual laboratories) (Goring et al. 2014). This way it 
will help establish a long-term sustainability within the VL industry.

Lack of proper credibility is a serious issue that is inhibiting biodiversity infor-
matics from reaching its full potential. Parr et al. (2012) stated there is a real need to, 
“build a community of cooperation sharing in best practices, using standards, taking 
new modes of professional credit seriously and engaging citizens in its science”. 
With a better foundation and standards on how to address this issue will allow for 
optimization of the interdisciplinary industry.
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6 Conclusion

Ecosystem service (ES) virtual laboratories (VL) have numerous benefits to society. 
A main motivation for ES-VL implementation is their contributions to inform policy 
makers. They also contribute to communities’ awareness and education. In totality 
ecosystem service virtual laboratories aid the science world, in developing new and 
creative innovations to sustain ecosystems.

The decision makers are involved in ecosystem management practices. Scientists 
are obligated to inform decision makers on what is known, what is not, and what 
could or should be known (Christensen et al. 1996). In turn the decision makers help 
decide the best way to formulate policies to reach a desired behavior or condition. 
This is best done through opening data with the use of virtual laboratories (VL).

There is a wide range of approaches for designing, executing, and documenting 
these applications, making it difficult to understand, review, and reuse them (Laniak 
et al. 2013). Therefore there needs to be standards set in place and enforced to insure 
the full capability and potential in utilized ecosystem service virtual laboratories. This 
process of standardization needs to also make sure to minimize potential negatives 
without burdening scientist (Bracken et al. 2014).

There are currently many organizations trying to accomplish these voids in biodi-
versity informatics. There is the International Environmental Modelling and Software 
Society (iEMSs) in which they hold an annual conference concerning the society. There 
is the Community of Practice for Integrated Environmental Modeling (CIEM) who 
is dedicated to developing an iemHUB web portal to 1) enhance IEM learning and 
education 2) leverage IEM solutions 3) facilitate scientific collaboration and 4) allow 
efficient use of resources. And many more, and therefore needs to be alignment even 
within these programs supporting alignment in the industry.

To allow us to sustain services of ecosystems in perpetuity, there needs to be a 
collection of protocols (Christensen et al. 1996). The ecosystem service community 
needs to reach a consensus of these protocols. The potential for these systems is high 
as Parr et al. (2012) state, “Such integrated knowledge not only supports a vibrant 
science, but also provides a mechanism for community cohesion and for clear mes-
sages about the central importance of evolutionary biology on a rapidly changing 
planet”. These protocols should resolve the current voids within ecosystem service 
virtual laboratories as well as insure their flexibility to respond to the altering needs 
of the community.
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7 Suggestions

7.1  
Summary of Suggestions
The report on virtual research environments (VREs) by Mathew and Güntsch (2012) 
concluded that there is a need for interactive biodiversity and ecology IT tools that 
contain workflow management to assist in the rapid growth, while attaining reliable, 
open web services. Due to this need, many VREs have begun to be investigated and 
developed across the world. However, with this rise in the industry there needs to 
be standards or guidelines set and followed.

Table 1. Summary of suggestions for questions to consider in developing virtual research envi-
ronments

Suggestion Rationale

1. End-User Verification Improve Effectiveness

2. Consensus on Valuation Facilitate Trade-Off analysis

3. Common Vocabulary Promote Understanding

4. Understanding of Instrumentation Promote Documentation

5. Multidisciplinary Communication Facilitate/Encourage Communication

6. Innovation Curve Focus Innovation (e.g. Citizen Science)

7. Mainstreaming Encourage Guidelines

8. Proper Credibility Give Credit Where Credit is Due

7.1.1 

 End-User Verification

There is a great need in VREs to have a coherent infrastructure. The lack of user-center 
designs (UCD) can leave the VRE far from optimal in efficiency and effectiveness. 
Therefore it is strongly suggested that target groups are examined in the development 
stage. Bracken et al. (2014) state, “In order to build VREs that are easy to use and that 
bring clear benefits to the user, the user must be involved in the design process.” For 
that, it is recommended that user verification tests are performed.

User verification tests can include, but are not limited to, stress tests, compre-
hension (or usability) tests, and feasibility examination. These can be conducted 
through interviews, timed task testing, monitoring via free Screencast-o-Matic soft-
ware (screencast-o-matic.com), questionnaires and more. Monitoring can also be 
done via eye tracking devices to better comprehend what the user focuses on as 
it records point fixations which more thoroughly examines problematic places in 
virtual laboratories (VL). However, eye tracking devices can be costly unless rented 
by a cooperating organization (suggestion: Aalto University-Business School). Both 
Screencast-O-Matic and eye tracking devices capture the visual and screen move-
ments that would be needed in analyzing usability. Refer to Bracken et al. (2014) for 
examples for VRE testing.
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7.1.2  
Consensus on valuation 

There is a great discrepancy between systems of how to valuate various ecosystem 
services. However, to better grasp the entirety of the trade-off evaluations of eco-
system services a more thorough framework for the basics needs to be established. 
This can be done through cooperation organizations and open sharing. BioVeL has 
already established something similar, as they hold workshops annually updated 
and informing users of the systems progress (Vicario et al. 2011).

7.1.3  
Common vocabulary

There has been much to fill this void. Many programs (e.g. GNA, GNI, GNUB, etc.) 
have developed thorough explanations for various terminology (Hardisty et al., 2013). 
However, there is still a need to synthesize varying definitions. For that, it is recom-
mended that ESLab develops a “word bank” application to the program. This would 
allow clarification within the program to assist in the synchronizing. Further sugges-
tions would be for documentations of widely accepted vocabulary posted publicly. 

The Finnish Environment Institute (SYKE) is currently developing a web-
site dedicated to ecosystem services within Finland titled “Ecosystem Services”  
http://biodiversity.fi/ecosystemservices/home.  The website defines each indicator 
specific to Finland to help to synthesis understanding of the services themselves. 
Other areas in which ecosystems service vary are recommended to do the same to 
synthesize indicators specific to the area including the definitions associated. It should 
be noted that connection to ESLab and the ecosystem service website would benefit 
the program (e.g. hyperlink). 

7.1.4  
Common understanding of diversity instruments

The constant need to keep up with cutting edge instruments has had damaging effects. 
Technology moves instruments through the design process at an exponential rate. 
However, this leaves researchers constantly having to keep up varying instrument 
and procedures with varying degrees of reliability. A simplified list and instructions 
for ecosystem service instrumentation should be drafted. ESLab is recommended to 
include documentation similar to this within the program. This allows a baseline in 
which to refer to when developing future tools.

7.1.5  
Sustainable multidisciplinary communication

Due to the complexities of virtual laboratories, multi-disciplined professional interac-
tions are crucial to its success. Political scientists, ecologists, hydrologists, biologists, 
limnologists, geographers, system analyzers and modelers communicate extensively 
to keep project goals consistent and probable (Holmberg et al. 2015). With that there 
are inherent, “problems [across] disciplines of developing agreed component struc-
tures as well as semantic issues across disciplines” (Argent 2004). Bi-weekly meetings 
as well monthly reports are suggested as well as a forum tab/board on the program 
or project page to announce updates and facilitate communication. This allows target 
group participants as well as team members to communicate effectively. Another 
suggestion is the use of an external Virtual Research Environment (VRE) similar to 
OJAX++ or google docs which allows the project team to utilize current web tool(s) 
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to facilitate communication without burdening the developers with expanding the 
current program.

7.1.6  
Keeping up with the innovation curve

Citizen involvement is strongly suggested. Incorporating citizens minimizes costs of 
intensive instruments as well as keeps citizens involved and educated about current 
ecosystem conditions. This would mean dedicating a section on the suggested website 
to include news reports for citizens to view and a possible comment forum. Due to 
variety of the target group(s), sections of the website could be modified per user. By 
first requesting participants to sign up, requesting specification to which target group 
they are associated with, various pages viewed can be varied to more focus to the 
user’s preference (i.e. language, presentation, etc.). This allows the program to filter 
participants as well as keep track of who is using the program. i-Tree has a similar 
way of conduction a “sign up” questionnaire before granting access. 

7.1.7  
Proper mainstream practices 

While data openness is becoming more prevalent there arises a new problem. Data 
tracking to determine source to allow for relinking and reuse of data is a current prob-
lem in informatics systems. By not being able to trace data, the data becomes useless 
due to inability to determine reliability. For that it is strongly suggested to publicize 
exact sources and reliability indices of all data. Also the incorporation of workshops 
and seminars would help mainstreaming this practice.

7.1.8  
Proper credibility

Give credit where credit is due. Many scientists are tentative towards VREs due to 
complication of being credited. Harry S. Truman once said, “It is amazing what you 
can accomplish if you do not care who gets the credit.” That statement is true, but 
unfortunately that is not how the world works. It is common for researchers to battle 
for number of citations and publications (Goring et al. 2014). 

Opening projects to the public allows for others to access data with the possibility 
of not accrediting the creator. This lack of proper credit needs to be addressed in the 
Virtual Laboratory (VL) industry. There can be a tab within the website or program 
that credits the creator(s) and posts how the information should be cited. It is rec-
ommended that not only are all the creators recognized publicly, but also all other 
participants. If data from citizens are incorporated and recorded there should be 
recognition to them as well. An example is a “Citizen Board” in which it records the 
top users or a “special thanks” those that add in data. This could be incorporated on 
a website or within the program itself.

Companies and organizations value data. It has a monetary value as it supplies 
research findings and discoveries. With more supply (by having it open) the demand 
decreases and therefore the monetary value is thought to decrease. This too leads 
many to be adverse to opening data. With proper accreditation practices and stand-
ards set in place to companies and organizations as well as the project members and 
participants for open sourcing data, then this movement of Virtual Laboratories (VL) 
will be more widely encouraged.
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7.2  
Examined Virtual Laboratories
A list of the main virtual laboratory related projects examined is provided in Table 
2. Please note there were many others that were evaluated as well. Site links are give 
below.

Table 2. Projects related to virtual laboratories

Project Description Reference

Madingley 
(UNEP, UK)

First General Ecosystem Model (GEM) for 
terrestrial and marine ecosystems using 
real data on carbon flows

Harfoot et al. 2014, 
Purves et al. 2013

BioVel 
(EU)

E-solution for the management of biodi-
versity in the 21 century

www.biovel.eu; 
Vos et al. 2014

MyGrid 
(UK)

Suite of tools to support the creation of 
e-laboratories. 

http://www.mygrid.org.uk

OpenUp! 
(EU)

Instrument for mobilizing and providing 
high volumes of biological multimedia col-
lection objects for the European portal to 
museums, libraries, archives EUROPEANA

http://open-up.eu 
Berendsohn and Güntsch (2012)

OJAX++ 
(IE)

A Virtual Research Environment (VRE), 
tested for use by biologists

http://www.ucd.ie/ojax/ 
Bracken et al. 2014

ARIES 
(US)

Integrated ES modeling methodology (Ar-
tificial Intelligence for Ecosystem Services

http://ariesonline.org/

iTree 
(US)

Software for urban forestry analysis and 
benefits assessment

https://www.itreetools.org/index.
php Baro et al. 2014

7.3  
Site links
ARIES http://ariesonline.org/ (Accessed August 2014)
BioVel http://www.biovel.eu (Accessed August 2014)
CUAHSI HIS www.cuahsi.org/his (Accessed August 2014)
eBird http://ebird.org/content/ebird/ (Accessed August 2014)
Finnish Biodiversity Portal http://biodiversity.fi (Accessed August 2014)
iemHUB http://iemhub.org (Accessed August 2014)
iEMSs http://www.iemss.org/society (Accessed August 2014)
iTree https://www.itreetools.org/index.php (Accessed August 2014)
MARS http://www.mars-project.eu (Accessed August 2014)
myGrid http://www.mygrid.org.uk (Accessed August 2014)
Ojax http://www.ucd.ie/ojax/ (Accessed August 2014)
OpenUp! http://open-up.eu (Accessed August 2014)
OpenMI http://openmi.org (Accessed August 2014)
Svenska LifeWatch http://www.svenskalifewatch.se/en/ (Accessed August 2014)
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7.4  
Abbreviations
ARIES Artificial Intelligence for Ecosystem Services  Batker et al. 2010
BioVeL E-solution for the managament of biodiversity
   in the 21 century Vicario et al. 2011
ESLab Ecosystem Services virtual Laboratory Holmberg et al. 2015 
EVL  Environment Virtual Laboratories  
EVO Environmental Virtual Laboratory Emmett et al. 2014
GBA Global Biodiversity Assessment  
GNA Global Name Architecture  
GNI  Global Names Index  
GNUB Global Name Usage Bank  
IEM  Integrated Ecosystems Model  
IPCC Intergovernmental Panel on Climate Change 
MA  Millennium Ecosystem Assessment 
MARS Managing Aquatic ecosystems and water 
   Resources under multiple Stress Hering et al. 2015
OpenMI Open Modelling Interface www.openmi.org
SRES Special Report on Emissions Scenarios 
SSP  Shared Socioeconomic Pathways  
TEEB The Economics of Ecosystems and Biodiversity
VCO Virtual Collaborative Organization  
VL  Virtual laboratory  
VRE Virtual Research Environment  
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