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ABSTRACT

This study developed ES Ontology with purpose to cover the interoperability between classification
frameworks and provide common understanding in ES concepts. The ES Ontology was developed using
the Generic Ontology Development and top-down approach called as ESOnto. The study produced the
conceptual design of ES which cover MA, TEEB, and CICES V5.1 classification frameworks, its
interoperability and ES assessment and mapping. The ESOnto is visualised in Living Textbook and also
available in the turtle language. It was evaluated using the user-based evaluation and task-based evaluation
to check the usability, clarity and the coverage of the ontology.
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1. INTRODUCTION

11. Motivation and Problem Statement

Nature and human are not separable; nature plays an essential role in human life by providing basic needs
such as air, water, food, shelter, recreational areas, warmth, and peace of mind; while human utilise,
manage, and modify it to fit the society needs. As the human population grows, human activity induces
problems in biophysical environments and environmental degradation such as global warming, ocean
acidification (Wuebbles et al., 2017) and biodiversity loss (Ceballos et al., 2015; Ceballos, Ehtlich, & Dirzo,
2017; Pimm et al., 2014). Ecosystem services (ES) provide an analytical framework identifying the way
nature contributes to human society while assessing the interaction among these two systems. The concept
of ES was introduced in 1981, and since then, there has been an exponential rise of research and literature
about it. The most recent definition of ES was defined in the Common International Classification of
Ecosystem Services (CICES) 5.1 framework (2018) as “the contributions that ecosystems make to human
well-being, and distinct from the goods and benefits that people subsequently derive from them” adapted
from Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). Based
on the definition, ES is the intersection between social fields (human well-being) and environmental fields
(ecosystem) which means “in the absence of people there are no services, and people often modify
ecosystems to enhance the production of specific services”(Bennett, Peterson, & Gordon, 2009).

The concept of ES is evolving since Ehrlich & Ehrlich in 1981 initially defined ecosystem services and
continued by recent activities and concept such as Millennium Ecosystem Assessment (MEA, 2005), The
Economics of Ecosystem and Biodiversity (TEEB, 2008) and CICES V5.1 (2018) which add the
complexity of ES. MEA provides a classification of ES as provisioning, regulating, cultural and supporting
services (MA, 2005), TEEB has four classes like the MEA as provisioning, regulating, habitat, and cultural
and amenity services (Fisher et al., 2010). TEEB updated the MEA by adding the economic value of the
services. IPBES comes with broader concept of ES as values of nature, nature contribution to people and
good quality of life (Diaz et al., 2015) and then CICES V5.1 which classification constructed based on
MEA and TEEB but built for accounting. CICES V5.1 classified the ES into provisioning, regulating and
cultural services and has five levels of hierarchy (Haines-Young & Potschin-Young, 2018). All these
initiatives led to the generation to a series of different classification systems, terminologies and conceptual
and methodological frameworks which can host a plurality of views.

Significant research has been carried out to quantify and assess the value of ES in order to understand
how human activities change the ecosystem, how these changes affect the ES and impact of ES changes
into human well-being (Milner-Gulland, 2012). According to that, hundreds of tools and dataset have been
built in the last decade, from a simple excel sheet model (e.g., Ecosystem Service Assessment
Tool/ESAT?) to a sophisticated softwate package (e.g., InVEST?). Every tool has its aim and function to
support an ES quantification and assessment. Some are designed for assessment guideline such as (e.g.,
ValuES?), and the others are used to calculate the ES supply and ES value for decisions making (e.g.,
NEAT Tree*, Co$ting Nature>, InVEST, MESH® ). Some of them are built for specific geographic

Uhttp://www.safhandbook.net/assessment/visualize-consequences
2 https:/ /naturalcapitalproject.stanford.edu/invest

3 http:/ /www.aboutvalues.net/

4 http:/ /neat.ecosystemsknowledge.net/

> http:/ /www.policysupport.org/ costingnature

¢ http:/ /www.naturalcapitalproject.otg/mesh/
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location (e.g. Letsmap do Brazil”) while others can be applied to any location in the world (e.g., MIMESS,
InVEST, ARIES?). Different approaches in methods, models and terminologies were used to build such
systems (Bagstad, Semmens, Waage, & Winthrop, 2013; Drakou et al., 2015). This plurality of views and
typologies accompanied by the lack of unified ontology for ecosystem services lead to a plurality of tools
and quantification methods, non-interoperable dataset or tools, generating results that are often not
comparable. Polasky, Tallis, & Reyers (2015) point out that it gives confusion to the practitioner and most
of decision-makers do not have technical expertise to sort out these differences and decide the best
approach to use.

At the same time, the ES community uses maps to identify relationships between different ecosystem
services, ecosystem services and biodiversity, and to support planning and management decisions.
Furthermore, it is used as a communication tool with stakeholders, visualise the locations of where
valuable ecosystem services are produced and used. It also help to explain the relevance of ecosystem
services to the public in their region (The Biodiversity Information System for Europe (BISE), 2018). ES
mapping also delivers a clear explanation of ES and spatial planning (Galler, Hermes, Neuendorf, von
Haaren, & Lovett, 2016). Although ES mapping offers excellent support, there are several bottlenecks
encountered in the use of the maps for decision making and planning as described by Palomo et al. (2018)
such as mapmaker and map user communication due to the lack of requirement assessments and
nomenclatures and ontologies related to ES classification and terminology.

However, the standards of ecosystem service terminologies, methodologies and maps are not yet agreed
upon. The differences in terminology need to be solved to make the practitioner and decision maker as
the ES users understand what they got and how they can use the ES information. Moreover, in the
absence of standard tools and terminology, the user of ES cannot combine information from different
fields and difficult to understand the ES. Because of the scientific information is not interoperable, it is
hatd to deliver and provide better decision/policy to manage the environment and its services.

Here the ontology technology can take roles to bridge those differences and make it interoperable.
Ontological representation of domain knowledge can provide a common understanding to solve the
heterogeneity of knowledge management (Mankovskii et al., 2009a). It also can be used for integrating
databases, provides interoperability between systems and specifies the interface to independent and
knowledge-based services (Mankovskii et al., 2009b).

Martin-Clouaire (2018) defines the specification of an ontology as “a form of definitions of a
representational vocabulary (classes, relations, and so forth) that provide meanings for the terms and
formal constraints on their coherent use”. Yew, Hassan, Zainal Abidin, Arshad, & Shariff (2015) mention
the type of ontology as top-level/ upper ontology (foundation ontology), domain ontology (ontology for
specific field), application ontology (terms and relation to support specific application) and presentation
ontology (generated from domain ontology). A domain ontology specifies the concepts, relationships, and
other distinction of a model in specific fields. The significant role of the domain ontology is to provide a
standard or model of the domain and use it to communicate, study or solve problems.

This domain ontology provides the vocabularies and relation to build linked data. Linked data is “data
published on the Web in such a way that it is machine-readable, its meaning is explicitly defined, it is
linked to other external data sets, and can be linked to from external data sets”(Bizer, Heath, & Berners-
Lee, 2009). It relies on Uniform Resource Identifier (URI) and Hypertext Transfer Protocol HTTP
technology. The linked data relates several data in several web pages based on the URI which can make
data can be discovered on linked sources based on semantics; ordered on suitability based on the context
of use; and assembled into coherent, working scientific workflows (Villa, Balbi, Athanasiadis, &

7 https:/ /www.ufz.de/iwas-sachsen/index.php?en=19650
8 http:/ /www.afordablefutures.com/otientation-to-what-we-do/services/mimes
? http:/ /aties.integratedmodelling.org/
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Caracciolo, 2017). The interrelated dataset in the linked data can represent the interoperability between
dataset in several web pages which can be held by creating the ontology as the fundamental component.

There has been an ontological development in other domains such as the Gene Ontology in the medical
domain which is used to standardise the representation of genes across species in different databases and
vocabularies (Scheuermann, Ceusters, & Smith, 2009). The OBOE project assembles the semantics of
observation and measurement in ecology (Madin, Bowers, Schildhauer, & Jones, 2008) and ENVO which
is an ontology for life science disciplines (Buttigieg, Morrison, Smith, Mungall, & Lewis, 2013). Learning
from the success of other domains’ ontologies; this study developed a domain ontology for ES to bridge
different standards of terminologies and methodologies in ES and also to communicate ES information.

1.2. Research Identification

1.2.1.  Research Objectives

The main objective of this research is to develop an ontology for the domain of ES, in order to facilitate
the communication of ES knowledge to its end-user and to facilitate interoperability between ES
classification frameworks and information based on existing tools, datasets and models. This research will
focus more on the geospatial aspect of ES and will consider the tools and dataset catalogue registered in
the ‘Bon-in-a-Box’ toolbox!'? of GEO BON. The main objective is divided into three sub-objectives as
follows to complete this study:

1. To explore and extract the knowledge of ES including the input and the output of ES tools, the
classification method, the framework, and the terminologies used in the different tools and
datasets.

2. To design and develop the domain ontology of ES based on the knowledge extracted from the
ES tools, datasets and existing ES classification system.

3. To test and implement the domain ontology of ES against use cases which focus on geospatial
aspect of the ontology.

1.2.2. Research Questions

1. To explore and extract the knowledge of ES including the input and the output of ES tools, the
classification method, the framework, and the terminologies used in the different tools and
datasets.

a. What is the input, the process, and the output of ES tools and what is the type and
format of the datasets available in the ES domain?

b. What is the classification method, framework and terminologies used behind commonly
used tool and dataset of ES?

c. What are the relations between the input, the output, the classification, the framework
and terminologies in the available dataset in the ES domain?

2. To design and develop the domain ontology of ES based on the knowledge extracted from the
ES tools, datasets and existing ES classification system.

a.  What is the purpose and coverage of the ES Ontology?

b. What are the classes and properties of the ES Ontology based on the knowledge
extracted from the ES tools and datasets?

c. How will the classes and properties be related to each other?

d. What are the rules and constraints in the ES domain knowledge and how can they be
implemented?

3. To test and implement the domain ontology of ES against use cases which focus on the geospatial
aspect of the ontology.

10 https:/ /boninabox. GEO BON.otg/
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a. How to test the quality of ES Ontology?
b. Which relevant queries can be applied in ES Ontology to solve the use case?

1.3. Innovation

Although some first attempts were made to build ontologies for ES, these are rarely used or are designed
to support the functionality of one specific tool or software (Villa et al., 2017; Werf et al., 2009; Martin-
Clouaire, 2018). This study designed and developed a new domain ontology for ES called as ESOnto
which covers interoperability between ES classification frameworks, ES assessment and quantification.
The ES classification frameworks include MA, TEEB and CICES V5.1 and the ES assessment and
quantification focus on the factor that affects the process. This study was taking account the role of the
existing ES tools and data catalogues in ‘Bon-in-a-Box’, ES literature and consider the existing ontologies
in order to ensure a broader use and applicability. The ES domain ontology developed in this study can be
used for communicating the ES knowledge and interoperability between ES classification frameworks,
standard of terminology and answering the ES competence questions.

1.4. Thesis Structure

The general structure and the content of the thesis are as follows:

Chapter 1 provides an introduction about the motivation of this study, the research objectives, research
questions and the thesis structure.

Chapter 2 provides related works and knowledge about ecosystem services and ontology.

Chapter 3 provides information about the methodology used to build the ES Ontology. The
methodology used the Generic Ontology Development which consists of the pre-development phase,
development and post-development phase (Rajpathak & Chougule, 2011). The pre-development phase
covers the process of defining the source of ES knowledge, the purpose and the coverage of the ES
Ontology and extraction of information used to develop the ontology. The development phase covers the
ES Ontology design, formalisation, visualisation and evaluation. The post-development phase covers the
documentation of the ES Ontology.

Chapter 4 provides the result of the information extraction, ontology design, formalised ontology, its
visualisation and the result of the ontology evaluation based on the user-based evaluation and task-based-
evaluation and documentation.

Chapter 5 provides the discussion, conclusion and recommendation based on this study.

Appendix A provides the documentation of the ESOnto consist of the concepts and its definition and the
relationships between concepts.

Appendix B provides the turtle files of the formalisation results

Appendix C provides the query results of the competence questions.

Appendix D provides the interoperability between MA, TEEB and CICES V5.1 classification framework.
Appendix E List of Bon-in-a-Box tools.
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2. ECOSYSTEM SERVICES AND ONTOLOGY

This chapter provides information about existing related works about ecosystem services and ontology.
Section 2.1 explains the component of ecosystem setvice, the interoperability problem in ES classification
and terminology and the existing ontologies. Section 2.2 explains about existing classification frameworks
and related works on ES assessment and mapping. Section 2.3 explains the ES data and tools. Section 2.3
what ontology is and its advantage. Section 2.5 explains on related works on the method of ontology
development and evaluation.

21.  Ecosystem Services and Relevant Ontologies

Ecosystem services are part of a social-ecological system due to the interactions between human well-
being and ecosystem. The social-ecological system consists of social component or society or human well-
being, the ecological component or ecosystem, ecosystem services and the driver of changes (Bennett et
al., 2009). Gardner et al. (2013) described the interaction between the social component and the ecological
component as ecosystem services and these interactions were affected by the driver of changes.

The definition of ecosystem service as interaction between human and ecosystem has been the subject of
discussion, and it is essential because it will be the first point to communicate the concept of ecosystem
services and used as an approach to describe the classification system /framework of ecosystem services
(Fisher, Turner, & Morling, 2009). There are research and project which try to gather the terminology
used in the ecosystem services research and practice. Wallace (2007) developed a classification system for
ecosystem services assessment and compiled the terminology and definition used in the research. The
European project of Operationalisation of Natural Capital and Ecosystem Services (OpenNESS) created a
glossary which covers ES terminology with terminologies from MA, TEEB, the UK NEA, and Rubicode
as the starting point (Potschin, Haines-Young, Heink, & Jax, 2014). La Notte et al. (2017) compiled and
compared the definition of ecosystem services, ecosystem function and ecosystem process from several
papers which proves that every paper has their definition to facilitate the ecosystem service accounting
process. For example, Fisher et al. (2009) did not differentiate ecosystem goods from ecosystem services
and did not define the definition of biophysical structure, ecosystem process, ecosystem function
explicitly. Different from Fisher et al., Boyd and Banzhaf (2007) defined that the biophysical structure is
equal to the ecosystem process, and ecosystem function is equal to ecosystem services. The different use
and understanding about the terminology for different application and purpose create a bottleneck in the
ES mapping process like stated by Palomo et al. (2018) as shown in Figure 1. They also mentioned that
the nomenclature and ontology bottlenecks in ecosystem services classification and terminology were due
to the lack of interoperability between the ES classification and the context of ES (the framework and the
mapping context) and that the ES classification is one of many common challenges faced in ES mapping.
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Figure 1 Bottlenecks in ecosystem services mapping. Source: (Palomo et al., 2018)

Moreover, there were different ecosystem service frameworks for different applications such as conceptual
framework for EU wide ecosystem assessment (MAES, 2013) and MA conceptual frameworks which
relate the ecosystem services with the constituents of well-being consist of security, basic material for
good life, health, good social relations and freedom of choice and action (Capistrano, Samper K., Lee, &
Raudsepp-Hearne, 2005). The other framework was Cascade framework which describes the relationship
between the biodiversity, ecosystem function, ecosystem service and the benefits (Haines-Young &
Potschin, 2010). Braat & de Groot (2012) improves the cascade frameworks by differentiating the goods
and benefits. UK National Ecosystem Assessment (2009) has different frameworks which related the ES
as part of the Ecosystem with goods, human well-being and drivers of change. These frameworks
represent the ways people interpreted the ES which lead to different methods of assessment and mapping,.
The differences of assessment and mapping methods will produce different dataset and ES value.

Several studies have been conducted to solve the problem and to provide interoperability between dataset,
models or software used in the ES domain. David Barton et al. (2016) developed OPPLA based on
Bayesian Belief Network (BBN) to support the ES method selection. The BBN was structured as a
classification model and was used as a model selection support or model description mode. The
conceptual model covered and used term and hierarchy of the ES classification, scale, data availability, ES
indicators and value which can be used as concepts in the ontology development for ES

Besides OPPLA, ARIES deploys the semantic web technology in its system using the k.IM language and
k.Lab platform. It focuses on beneficiaries, probabilistic analysis, and spatiotemporal dynamics of flows
and scale based on MEA Narrative (Villa et al., 2014). Its coverage and scale remain small only covering
the information generated by the ARIES system (Villa et al., 2017). Despite the significant amount of
effort put in the development of this language, for the time being, it is only used within this software. It
does not cover the other classification of ES such as the TEEB, CICES and IPBES.

On the other hand, Martin-Clouaire (2018) designed an ontology for a part of ES that focuses on
agroecosystem services. He considers the social-ecological system of agroecosystem services which consist
of the dataset, the process, the stakeholder and their relation to the design of the ontology. He suggested
considering that ontology enrichment will be needed as the experience and knowledge of ES and social-
ecological systems grows.

As the part of social-ecological fields, there were related works such as the Socio-Ecological Research and
Observation Ontology (SERONTO) and social-ecological system (SESs) ontology. As a core ontology,
SERONTO was built by a Long-Term Biodiversity, Ecosystem, and Awareness Research Network
(ALTER-Net) to integrate data from distributed data sources stored and collected at different locations
within the European Union (Werf et al., 2009). SERONTO is an ontology about observations with its
theoretical basis lying in statistical methodology which contains terms and concepts for describing and




ONTOTLOGY DEVELOPMENT FOR ECOSYSTEM SERVICES

analysing ‘raw’ data from diverse origin. Still, due to it being developed using fundamental relationships
among the elements of the system, its use in several applications has not yet been documented. Besides
SERONTO, Frey & Cox in (2015) demonstrate the practical use of ontologies by transforming the SESs
framework into an ontology.

Recently, Schmidt & Seppelt (2018) developed a systematic taxonomy of indicators representing the
information demand on ES in different areas of governance and its application context in the decision
making from existing online ES databases. They found that there is overlap in information supply and
demand between databases, but it is challenging to discover and process due to limited interoperability of
databases and missing semantic links of various terms and concepts in databases. They suggest adding
knowledge representation systems such as ontologies to introduce logical inference rules as a prerequisite
for automated reasoning and ease of information access.

Moreover, there are other ontologies developed to describe parts of what structures the ES concept
covering the ecological or social field. The ontologies related to the environmental field that need to be
considered on this research are OBOE project which assembles the semantics of observation and
measurement in ecology (Madin et al., 2008), and ENVO which is an ontology for life science disciplines
(Buttigieg et al., 2013). FOAF is an ontology describing the social system and in particular a person, their
activities and their relationships with other people and objects that can be used in structured data (“The
FOAF Project,” 2015). These ontologies are an essential part of the way to build the ES Ontology. This
study can utilise it as a reference so the ES Ontology will not be built from scratch.

2.2.  Ecosystem Services Classification Systems

There were several studies try to group the ES serving different purposes, such as done by Costanza et al.,
(1997), MA (2005), Wallace (2007), TEEB (2010), Final Ecosystem Goods and Services Classification
System or FEGS-CS (Boyd & Banzhaf, 2007), CICES V5.1 (Roy Haines-Young & Potschin, 2018). MA
was the first to classify the ES into four categories: provisioning services, regulating services, supporting
services and cultural services. TEEB followed this categorisation except for the supporting services was
transform into the habitat services. FEGS-CS focused on the benefits and beneficiaries of ES and had a
very different way to classify the ES. CICES V5.1 which become popular recently had the same
classification with TEEB but merge the supporting and habitat services into regulating and maintenance
services. MA and FEGS have different frameworks with TEEB and CICES V5.1 which using the cascade
frameworks. However, the TEEB classification framework was adapted from MA and CICES V5.1 also
adapted from IPBES and TEEB, so they were related one to another. Because of that, this study will
cover the MA, TEEB and CICES V5.1 only.

The classification frameworks will affect the ES assessment and mapping process. Assess ES means to
measure the state, quantity or value of the ES. ES is a function of complex interaction between the
environment and the species, the variation of use and utilisation patterns by the beneficiaries (Fisher et al.,
2009). Guidance will be needed to be able to assess and maps this complex interaction. These demands
were recognised by Bagstad et al. (2013). Since then some guidance documents has been developed such
as Best policy Guidance for the Integration of Biodiversity and Ecosystem Services in Standards
(Secretariat of the CBD & UNEP-WCMC, 2012), the Guidance Manual for Assessing Ecosystem Services
at Natura 2000 sites (McCarthy & Morling, 2014), ValuES (Gonzalez-Jiménez et al., 2018) and Guidance
in developing ES indicator (Brown et al., 2014). These guidance documents helped to understand the
process of ES assessment.

The ES mapping research has grown and used to analyse the spatial distribution of ES at local, regional
and global spatial scale (Maes et al., 2012). Those research mapping mentioned by Maes et al. (2012) were
covered different aspect of ES such as the biodiversity, analyse the relationship between ecosystem
services and others. Besides that, they also mentioned some gaps in the mapping of ES such as the
availability of the data and consistent mapping approach. The consistent mapping approach problem can
be solved if the map maker has the same understanding of ES with the ES user.
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2.3.  Data Source for Ecosystem Service Ontology Development.

Since the ES concept emerged, the amount of research and literature about it are increasing. Together
with the increase of research there are also increase of the dataset and tools developed to analyse ES.
GEO BON is Group on Earth Observations of Biodiversity Observation Network. GEO BON has
developed the ‘Bon-in-a-Box’ (Biodiversity Observation Network in a Box) which is an online,
customizable and continually updated portal of toolkit for biodiversity observations (Bon-in-a-Box, 2016).
It delivers access to the latest biodiversity observation design, data management, analysis and reporting
tools including the ES tools and dataset. Bon-in-a-Box list of tools was the main input for this research.

24.  Ontological Concepts

The semantic web will enable people and computers to understand data on the web more efficiently. The
World Wide Web Consortium (W3C) built technology stack for developing semantic web which enables
people to build repositories on the web, build vocabularies and define rules for manage data on the web
(Semantic Web - W3C, 2008). The layer of the semantic web technology stack is shown in Figure 2. The
ontology is a part of it which intended to capture the knowledge of domain by defining vocabularies and
the relationships among them(Ontologies - W3C, 2008).

Knowledge Semantic Main P
Management Web layer cake viain Furpose
SW Interface Interaction with user
Wise use Authentication.
Trust Trustworthiness of
statements.
Proof Explam_reasomng and
conclusions.
: Infer unstated facts
Rules Logic
o | c it F
. @ | & |Definition of
TeweigE 2 | & | vocabularies and
© P &
e Ontology | § | ¢ shared meanings.
x (OWL) @ | w | SPARQL:
g Standardized queries
@ for RDF databases.
Sggza Create self-describing
; RDF documents and
Information ietadit
XML Schema ;1; At b
XML ata interchange.
Data URI | UNICODE Identify resources

Figure 2 Semantic web building block. Source: adapted from (Koivunen & Miller, 2001)

Ontology enables sharing a common understanding of knowledge, enables reuse of domain knowledge,
make domain assumption explicit, separates domain knowledge from operational knowledge and to
analyse domain knowledge (Noy & McGuinness, 2001). Duran-Mufioz & Bautista-Zambrana (2017)
mention that ontology has advantages like: it enables moving from one concept to another concept in the
ontology structure; it has many entry points which can be traced and related to all of the associated
concepts; Ontology connection enable discovery without requiring prior knowledge of the domain; it has
the ability to represent structure, semi-structured and unstructured information; ontology also can match
the concept of same idea (synonym).

Following is an example of the advantages of ontology about two databases that provide information
about family, its members and address. The database A defines family has member person and defines
the address for every person. The database B defines family has member person and lives in the same
address. Ontology can integrate this information since ontology can relate several concepts shows in
Figure 3 and give a common understanding about family, person and address.
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Figure 3 Comparison of conceptual model of database and Ontology

There were several applications which utilise semantic web and ontology behind it. For example,
Wikipedia!! with its semantic wiki, Google with Google Knowledge Graph'? and Skyscanner!? web
application. In geospatial worlds, there is Open Street Map (OSM) with the OSMOnto (Kutz, Codescu,
Couto Vale, & Mossakowski, 2014). Besides that, there were also some research about the use of ontology
to model human navigator behaviour (Lamprecht et al., 2015) and the use of it for Internet of Things
(Abreu, Velasquez, Pinto, Curado, & Monteiro, 2017; Hitz, Kessel, & Pfisterer, 2017; Patel, Pathak,
Teixeira, & Issarny, 2011).

25.  Methodological Framework for Ontology Development

There is some factors need to be considered as mention by Yew et al. (2015) to develop an ontology such
as the ontology environment, the goal, the functional perspective, and the hierarchical perspective of the
ontology. Fernindez-Lépez & Goémez-Pérez (2002) mentioned and compared six methodologies to
develop ontology based on the IEEE standard (IEEE, 2006) proposed by the methodologies. It contains
Cyc(D.B & R.V, 1990), TOVE (Grininger & Fox, 1995), KACTUS (Kuzemin, Fastova, & Yanchevsky,
2014), METHONTOLOGY (Fernandez, Gomez-Perez, & Juristo, 1997), and Methodology for re-
engineering ontologies (Lépez, Pérez, & Amaya, 2000). Neither of them proposed pre-development
processes and started with the development processes. Only METHONTOLOGY and Methodology for
re-engineering ontologies which provides post-development. In 2011, Rajpathak & Chougule delivered
Generic Ontology Development methodology which covers the pre-development, development and post-
development processes as shown in Figure 4. The pre-development phase covers the steps to gather the
specification document and to define the data source to build the ontology and knowledge acquisition.
Then it is continued by creating the semantic structure (design ontology), ontology formalisation and
ontology validation which is components of the development phase. In the post-development phase, the
documentation of the ontology is prepared, and the ontology is maintained and updated if needed.

1 https:/ /www.wikipedia.org/
12 https:/ / googleblog.blogspot.com/2012/05/introducing-knowledge-graph-things-not.html
13 skyscanner.net
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Figure 4 Generic Ontology Development phase. Source: adapted from (Rajpathak & Chougule,2011)

Beside the development methodology, in the design process there are three kinds of approaches which
should be considered (Uschold & Gruninger, 1996):

1. Middle-out approach: Start the identification from the most relevant to the most abstract and to

the most concrete concept. It is claimed to be more stable and more comfortable.

2. Top-down approach: Identify the abstract concepts first organised in a taxonomy.

3. Bottom-up approach: Identification starts with subclasses which are grouped into global classes.
A top-down approach enables to control the level of detail, but there is a possibility to have a less stable
ontology. It starts with the general concept and builds the structure by specialisation (M. El Ghosh, H.
Naja, H. Abdulrab, 2016). Therefore, the Generic Ontology Development and the top-down approach
were used in this study.

10
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3. DEVELOPMENT PROCESS OF ECOSYSTEM
SERVICES ONTOLOGY
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Figure 5 Workflow of ontology development for ecosystem services
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The development of ES Ontology workflow shown in Figure 5 was adapted from the Generic Ontology
Development method mentioned in Section 2.5. It consists of three sections based on the proposed sub-
objectives. The first is to explore and extract the knowledge behind the tools and data catalogues of ES
which covers the exploration and knowledge extraction from ES tools, dataset, models and related existing
ontology (Section 3.1). The second is to design and develop the domain ontology of ES in Section which
covers the process of defining the scope of the ontology, the ontology design, ontology formalisation and
ontology deployment(Section 3.2), and the last section is to evaluate the developed domain ontology of ES
which will cover the evaluation and documentation of ES Ontology (Section 3.2).

3.1.  Knowledge Extraction of Ecosystem Services

The explore and extract knowledge of ecosystem service was started with defining the source of
knowledge. In this study, we use the top-down strategy to build the ecosystem service ontology which
starts from general concepts and build the structure by specialisation. The top-down approach also means
using definition and part of existing ontologies (M. El Ghosh, H. Naja, H. Abdulrab, 2016) as mentioned
in Section 2.5 and shown in Figure 6. Referring to the top-down strategy, the characteristic of the
knowledge source should be documents which captured general information about ES such as standard
documents, guidelines or books about ES, upper ontology, or domain ontology which related to ES. In
this case, the Bon-in-a-Box provides a list of tools which consists of more than 300 tools and literature
which also need to be selected. After that, the selected documents/literature, existing ontology and tools
were explored, and the knowledge or information was extracted.

Analysss and study

<7

Modelling concepts ]

|

[ ES Domain ontology ]

Specialisation (Manually)

Figure 6 Top-down strategy. Source: (M. El Ghosh, H. Naja, H. Abdulrab, 2016)

The exploration of the tools was done by visiting the website and explore the user-manual or guideline
documents of the tools. The information about the input, process and output of ecosystem service
analysis were extracted. Then the information about classification, its hierarchy and the frameworks were
mined from the standard documents/guidelines/books of ES. After that, the term gathered from the
exploration process was used as the keywords to search the relationship with the existing ontologies. The
definition and relation between the terms gathered from the extraction process also were explored and
selected.

It is possible for a term in the ES domain to have several definitions depends on the applications and
projects (La Notte et al., 2017). To select the most appropriate definition of a term, the definitions were
compared and the best definition was chosen which describes the term with other concepts related to it or
selected the most recent definitions.

12
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3.2.  Development Process of Ecosystem Services Ontology

There were four steps in the design and development of ecosystem services ontology. The first was to
define the specification of the ES Ontology based on the literature review. This information will provide
the boundary of the developed ontology. The second was to design the structure of the ontology and
continued by ontology formalisation, and the last was ontology deployment.

3.21. Specification of ES Ontology

In this step, the ontology specification was defined. The specification provides the purpose of ontology
development, the scope to see how many application domains can be formalised, the competency, the
formality and the granularity of the ontology (Rajpathak & Chougule, 2011). This information was
gathered from literature which mentioned the needs of ontology for ES domain. The competency of an
ontology determined the types of algorithms can be developed by using the semantics included in an
ontology. The formality of concepts and relations were determined by the formality and granularity of the
ontology.
The granularity of ontology discourses different levels of an entity specification in the real world where
leads to the coarse and fine-grained ontologies. Coarse ontology or high-level ontology represent general
information and more shareable while a fine-grained ontology or low-level ontology has very detailed
information, needs a very expressive language and should be used off-line. The low-level ontology should
be created based on high-level ontologies (Fonseca, Egenhofer, Davis, & Camara, 2002).
Based on dependence to the specific task, the ontologies are classified into four groups (Guarino, 1997):
e Top-level ontologies describe very general concepts such as BFO4,Cyc!5, and Wordnet!®.
e Domain ontologies describe the vocabulary related to a generic domain such as ENVO!7 and
OBO'S.
e Task ontologies describe a task or activity.
e Application ontologies describe concepts that depend on both a particular domain and a task, and
usually a specialization of them.
Berners-Lee et al. (2000) agreed that ontology can be formal as a mathematical theory or informal as a
natural language description of the world and the formality makes the ontology machine-readable and
allows deeper reasoning over web resources. There were different levels of formality (Ojo & Janowski,
2005):
e Strongly informal: expressed in natural language (e.g. Wine is a product of winery).
e Semi-informal: the ontology is expressed using restricted and structured form of natural language
in order to reduce ambiguity and to improve the clarity (e.g. Winery produces wine).
e  Semi-formal: the ontology is implemented in an artificial and well-defined language. Following is

Winery Wine
the example: produces

e Rigorously formal: the ontology is implemented using a semantically defined language that can
represent logical properties of world elements and of their relationships. Below is the example:
<a:owl_objectproperty rdf:about=“produces” rdfs:label=“produces">
<rdfs:range rdf:resource="Winery"/>
<rdfs:domain rdf:resource="Wine"/>
</a:owl_objectproperty>
The ESOnto was built as a domain ontology and represented in the level of formality as semi-formal and
rigorously.

14 http:/ /basic-formal-ontology.org/

15 https:/ /www.cyc.com/

16 http:/ /wordnetweb.princeton.edu/petl/webwn
17 http:/ /putl.obolibrary.otg/obo/envo.owl

18 http:/ /www.obofoundty.org/
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3.2.2.  Structure of the Ontology

The design of the ontology structure covered the process of creating the ontology components based on
the extracted information from the exploration and extraction knowledge of ES. Lord (2010) and M. El
Ghosh, H. Naja, H. Abdulrab (2016) mentioned that the components of ontology are the concept,
relationship, individual or instance. The concept also called as class or type. A concept is the main
component of ontology which represents a group of the individual which have the same characteristic.
The individual or instance is the base unit or ground level object of ontology, and it can be a concrete
object or abstract objects. The relationship represents interaction among individuals or concepts which
also called as properties. The example in Figure 7 shows Students and Course as a concept, the
photogrammetry, remote sensing, spatial database and programming are an individual and part of
course concepts. Ammy and Smith are also individuals which parts of the student concept. The arrow
line that connected circles (concepts and individuals) is called as relationships. In this example there are
two relationships is a and take.

Photogrammetry

Remote Sensing

Spatial Database

Pragramming

isa T
“ take
Student
'-\.\_\_\. -

Figute 7 Example of the component of ontology. The datk grey citcles are called concepts/class; the lines ate the
relationship; the white and the light grey circles are the individuals.

In the design steps, the concepts and the relationships of ES were defined and created to form a
conceptual model. Bajwa (2011) mentioned the rules in the ontology design to be considered as follows:
there is no correct way to model a domain because there are viable alternatives, ontology development is
an iterative process, and the concepts of the ontology should be close to objects and relationships in the
domain of interest.

3.23. Ontology Deployment

The ES Ontology developed in the previous step were deployed using the living textbook (LTB) web
application'? as a tool to visualise it. The concepts and relationship from the previous steps were built in
this application. The LTB enables the ontology being accessed via web and being explored. It visualised
the ontology by the interactive diagram (concept map) and the collaborative website (textbook) which
described concepts (Augustijn, Lemmens, Verkroost, Ronzhin, & Walsh, 2018). The interface of LTB is

19 https:/ /ltb.itc.utwente.nl/

14
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shown in Figure 8. The LTB provides functions to create the new concepts and relationships, link among
concepts using relationships, and create explanation and external resources related to the concepts. The
concepts and relationships of ES were created in LTB to build the ES Ontology. After that, the concept
was linked to another concept using the relationship. The relationship needs to be defined carefully
because there were two kinds of relationship in the LTB: incoming relations and outgoing relations.

= m Living Textbook seeren *|Z]|Z|B
Living textbook
The Living textbook is a tool in which you can place digital learning materials and connect
them with each other using a concept map.
Synonyms Living

y y textbook
LTB “”“’,—”’—,,/f—’
Explanation Developri

search

We use the term “living textbook” to refer to:

= The non-static nature of the textbook; it changes when itis being used or when new
scientific insights become available;

= The changes in the textbook are induced hy students and teachers giving input to the Education
textbook (text additions, questions, discussions);

« The use of ontologies (Geo-Information/ Academic skills concepts and their
relationships) to structure text books in an transparent manner:

= Visualization of the textbook via concept graphs (based on the ontology) that allow
students to see and explore the relationships between concepts in a non-pre-described
order of reading and learning; it can be adapted to the learning needs of the students;

= Using different types of media within the textbook (video, pictures, animations, etc.) to
clarify the concepts.

The assumption behind this idea is that interaction with learning materials and peer students

leads to deeper learning (Biggs and Tang, 2007). .
Projec

External resources staff

« Biggs, |. & Tang, C. (2007). Teaching for quality learning. McGraw-Hill Companies,
Incorporated.

Project

Outgoing relations

« Living textbook is supported by Project
« Living textbook is developed for Education
« Living textbook is supparted by Development a a

Figure 8 The interface of LTB web-applications. The right side is the interactive diagram, and the left side is the
collaborative website(textbook). Source: (https://ltb.itc.utwente.nl/page/31/concept/4094)

3.24. Ontology Formalisation

Formalisation ontology is processed to link the individuals to the closest related concepts and define the
relationships (Rajpathak & Chougule, 2011). The components of the ontology formalised in the form of
triple. Triple is a sentence like and consist of subject, predicate and object. The triples are expressed in
RDF that understandable by machines (RDF working group, 2014). One of the language to represents the
triple is turtle. The advantage of turtle language is that it is straightforward and readable by human and
machine (Beckett, Berners-Lee, Prud’hommeaux, & Carothers, 2008). The turtle language also enables the
ontology to be queried using SPARQL which is an RDF query language to retrieve and manipulate data
stored in RDF format.(The W3C SPARQL Working Group, 2013). The subject, predicate and object in
the turtle are written based on their URI. Figure 9 represented an example of a simple turtle and
mentioned that spiderman is the enemyOf green-goblin. To simplify the formalisation, the URL of
URI was written as a prefix like shown in Figure 10. The grammar of turtle can be found in the RDF 1.1
Turtle documents?’ by W3C. In the formalisation step, the design of ES Ontology was transformed into
turtle language.

<http://example.org/#spiderman:
<http://www.perceive.net/schemas/relationship/enemy0f>
<http://example.org/#green-goblin.

Figure 9 Example of simple triple in turtle language. Source: Beckett et al. (2008)

20 https:/ /www.w3.0tg/ TR/2014/REC-turtle-20140225/ #sec-intro
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prefix ex: <http://example.org/>.
prefix rel: <http://www.perceive.net/schemas/relationship/>.
prefix foaf: <http://xmlns.com/foaf/@.1/> .

ex:#spiderman rel:enemyQf ex:#green-goblin;
a foaf:Person ; # in the context of the Marvel universe
foaf:name "Green Goblin" .

Figure 10 Example of prefix applications. Source: (Beckett et al., 2008)

3.3.  Evaluation of the Developed Ontology

Ontology can be evaluated based on the ontology correctness or ontology quality. Evaluation can be done
using the following method: by comparing the ontology against a gold standard, data-driven evaluation,
application or task-based evaluation, and user-based evaluation (Hlomani & Stacey, 2014). Comparing the
ontology against a gold standard offers a way to evaluating ontology but has limitations because of the
gold standard itself needs to be evaluated and it will be problematic to find the source of error whether it
is the gold standards or the developed ontology (Hlomani & Stacey, 2014). Data-driven evaluation
compares the ontology to existing data about the domain. One of the way to do it is by comparing
concepts and relationships to text of documents about the domain ontology and analyse the results using
probabilistic method (Brewster, Alani, Dasmahapatra, & Wilks, 2004). This method has limitation in the
way it considers the domain knowledge to be constant which is different with reality (Hlomani & Stacey,
2014). In the task-based evaluation, the developed ontology is evaluated based in the context of actual
software program or use case scenario and it may applicable in one application but not in another
(Hlomani & Stacey, 2014). Like the other methods, the user-based evaluation also has difficulties in
defining the objective standards of evaluation and the right users (Hlomani & Stacey, 2014). In the ES
domain case, the gold standards and data-driven evaluation is hard to establish with the condition of
different definition and approaches applied in the ES assessments which lead to the variety of ES data and
the absent of standards. Therefore, the developed ES Ontology was evaluated using the task-based
evaluation and uset-based evaluation.

3.3.1. User-based Evaluation

User-based evaluation evaluated the ontology based on the user experience and intended to capture the
subjective information about ontology (Hlomani & Stacey, 2014). In this research, the user-based
evaluation was carried out using a questionnaire which intended to measure the usability of the ES
Ontology (to measure whether the ontology helps the user understand the ES interoperability between
classification frameworks and the valuation methods) and the clarity of the relationships. The
questionnaire was divided into three parts; the first part is a true or false question about the concepts in
ES Ontology. The second part asked the opinion of the ontology user to confirm the ability of the ES
Ontology on helping the user in understanding ES domain study. The last part consists of questions which
asked about the relationship used in the ES Ontology. The survey was conducted using Survey Monkey?!
as the survey platform and the participants need to explore the ESOnto and answer the first part of the
survey based on the ESOnto. The second and third parts of the survey need to be answered based on user
expetience and opinion.

The participants of this survey were classified into three groups: expert user who is GEO BON member
(ES working group), students of I'TC who know ES before, and students of ITC who new to ES. The first
and second part of the questionnaire were analysed without grouping the participants. However, the third
part of the questionnaire which asked about the clarity of the relationships was analysed based on the
group of participants. The weight of GEO BON member is 0.5 which is bigger than the other groups
because of they atre the expert of the domain, for students who knew ES is 0.3 and students who new to
ESis 0.2.

2! https:/ /nl.surveymonkey.com/
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3.3.2. Task-based Evaluation

The task-based evaluation evaluated the effectivity of an ontology in the context of an application which
can be a software program or a use case scenario (Hlomani & Stacey, 2014). The use case scenario was
design based on the interoperability of ecosystem frameworks and the valuation method of ecosystem
services. This use case consists of competence questions which need to be answered using SPARQL
queries.

3.3.21. Use-case scenario based on the MAES data

The first use case was based on the MAES data?? of European Union Services. It contains information
about the ES value in ton/year. ES of Europe were mapped per 10 km grid. Every grid has information
about the value of food crop, fodder crop, textile crop and energy crop. All of them are calculated based
on CICES classification frameworks. This data was intended to map and calculate the Total Ecosystem
Service Value (TESV) of Europe (Maes, Zulian, & Barbosa, 2015). This use case was tried to capture the
information of which subclass is affecting the value of the TESV and what is the interoperability between
ecosystem services classification frameworks. The competence question needs to be answered as follows:
1. Which indicators used for provisioning service?
2. What are the class of the fodder crop ecosystem services in TEEB and MA classification
frameworks?
3. Where is the location of the highest value of energy crop?
4. Which grid has the highest value of provisioning service? With the assumption that provisioning
service value is equal with the sum of the provisioning service subclass value.

3.3.2.2. Use-case scenario based on the TEEB database

The second use case was using the TEEB database??. This database covers the ecosystem service value,
type of ecosystem, location of observation, valuation methods and ES classification based on the TEEB
classification frameworks (McVittie & Hussain, 2013). This use case was tried to communicate the
methods and results of ES assessment based on the TEEB frameworks about the scale and value of ES.
Below are the competence question needs to be answered:

1. Which valuation method they use to analyse the raw material ecosystem services?

2. What is the unit of the raw material ecosystem services value?

3. What is the scale of the map?

3.3.3.  Ontology Documentation

The ontology documentation is necessary to provide documentation of a new ontology and to facilitate
correct interpretation of the ontology structure for users (Rajpathak & Chougule, 2011). The ontology
documentation consists of the list of concepts, definition and the source of definitions, the list of
relationships and the link between concepts. It is presented in Appendix A.

2 http:/ /data.europa.cu/euodp/data/dataset/7e3f0681-5967-41£7-ae9b-87f1c3cfac4f
2 http:/ /www.teebweb.org/publication/ tthe-economics-of-ecosystems-and-biodivetsity-valuation-database-manual /




4. ECOSYSTEM SERVICE ONTOLOGY (ESONTO)

This chapter explains the result of the exploration and extraction of the knowledge source in section 4.1,
the design of the ontology in section 4.2, the deployment of the ontology in LTB web application and
formalisation results in section 4.3 and section 4.4. Besides that, the evaluation results of ESOnto is
described in section 4.5.

41.  Extracted Information from Ecosystem Service Resources

The ecosystem service ontology development was started by selecting the tools and dataset provided by
Bon-in-a-Box, the literature and the existing ontologies. Table 1 shows some of the selected ES
knowledge source used in this study. The tools give information about the input, process and output of
ES analysis which later combined with the conceptualisation grabbed from the literature review. The
literature gives information about the classification methods and frameworks which helps to construct the
conceptual model for designing the ontology. The glossary and data catalogue were used to collect terms
and definition which commonly used in ES.
Table 1 Some of ES knowledge source

No | Name Type Source
1 MA Literature https://www.millenniumassessment.org/en/index.html
2 TEEB Literature http:/ /www.teebweb.org/
3 CICES V5.1 Literature https://cices.eu/
4 MAES Literature https://biodiversity.europa.eu/maes
5 OpenNESS Literature and | http://www.openness-project.cu
glossary

6 Mapping Ecosystem Literature

Services (Burkhard &

Maes, 2017)
7 InVest Tools http://data.naturalcapitalproject.org/nightly-

build/invest-users-guide/html/

8 MESP Tools http://toolkit.grida.no/
9 ValuES Tools http://www.aboutvalues.net/
10 | ESP-VT Tools http://esp-mapping.net/Home/
11 | MESH Tools https://naturalcapitalproject.stanford.edu/mesh/
12 | SWAT Tools http://swat.tamu.edu/

41.1. Explore the Literature

MA (2005) defines ES as “the benefits people obtain from ecosystems”. The term service covers the
product and its existence value (provisioning service and cultural service). MA divided ES into four
classes: provisioning services, regulation services, cultural services and supporting services. The
provisioning services are products obtained from an ecosystem such as food and fresh water. The
regulating services are the benefit gained from ecosystem process regulation such as climate regulation and
pollination. The cultural services are benefits which only can be felt because it is a nonmaterial benefit like
the tourism which gives joy and spiritual or religious value in the ecosystem service components. The
supporting services support the production process of another service, for example, is the soil formation
which can support the production of food. The component included in every class is shown in Figure 11.
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Provisioning Services

Products obtained
from ecosystems

H Food
W Fresh water

W Fuelwood

Regulating Services

Benefits obtained
from regulation of
ecosystem processes
B Climate regulation

M Disease requlation

Cultural Services
Nonmaterial
benefits obtained
from ecosystems
W Spiritual and religious
B Recreation and ecotourism

W Fiber W Water regulation W Aesthetic

W Biochemicals B Water purification W [nspirational

W Genetic resources B Pollination m Educational

m Sense of place
B Cultural heritage

Supporting Services

Services necessary for the production of all other ecosystem services

W Soil formation B Nutrient cycling B Primary production

Figure 11 Millennium Ecosystem Assessment Classification. Source: (MA, 2005)

The definition of ES in TEEB (2010) is “the direct and indirect contributions of ecosystems to human
well-being”. Here the concept ‘ecosystem goods and services’ are synonymous with ES. TEEB was build
based on MA classification frameworks, and it is divided into four classes as MA did, the difference is the
supporting services in MA is called habitat and supporting services. Because they were built from the same
frameworks the interoperability between MA and TEEB classification frameworks is not as complicated
as the interoperability with CICES V5.1. It was released in 2018, and it was build based on the cascade
conceptual framework. CICES V5.1 try to classify the final ES (the contribution of the ecosystem which
most directly affects human well-being). For example, the final services of wood material as a building
material is the volume of timber that ready to be cut from a woodland. The harvested timber is the
concepts of goods and benefit, and the value for people is processed timber. The hierarchy of CICES
V5.1 is different from MA and TEEB. It has five levels of hierarchy which are the section, division, group,
class, and class type (Roy Haines-Young & Potschin, 2018) — represented by Figure 12 The section has
three classes; the provisioning services, regulating and maintenance services, and cultural services.

Section Provisioning

| |
DiVision Biomass Water
W —
1
| |

Cultivated wild Reared
Group plants J plants J animals J - J
i |
[ T |

T T

L}
cl Cultivated plantsfor Cultivated plants for Cultivated plants for
ass nutrition | materials Sheny

Class type ‘ Cereals J J J

Figure 12 CICES V5.1 hierarchical structure represents the cultivated plants as part of the provisioning services.
Source: (Roy Haines-Young & Potschin, 2018).

The interoperability between CICES V5.1, MA and TEEB are described in the spreadsheet document of
CICES V5.1 from http://www.cices.eu/resource. It is comparing the subclass in MA and TEEB with the
level of class at CICES V5.1. For example, the cultivated plants for nutrition in CICES V5.1 corresponds
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to the food provisioning services in MA and TEEB classification services. The example of interoperability
between MA, TEEB and CICES V5.1 is visualised in Table 2 (the complete interoperability can be found

in Appendix D).
Table 2 Interoperability between MA, TEEB and CICES V5.1.
CICES V5.1 MA TEEB
Division | Group Class
Biomass Cultivated Cultivated terrestrial plants Food Food

terrestrial plants

grown for nutritional
purposes

Fibres and other materials
from cultivated plants, fungi,
algae and bacteria for direct
use or processing (excluding
genetic materials)

Fibre, Timbet,
Ornamental,
Biochemical

Raw materials,
medicinal
resources

Cultivated plants (including

Fibre, Timber,

Raw materials,

fungi, algae) grown as a source Ornamental, medicinal
of energy Biochemical resources
Reared animals Animals reared for nutritional Food Food

purposes

Fibres and other materials
from reared animals for direct
use or processing (excluding
genetic materials)

Fibre, Timbet,
Ornamental,
Biochemical

Raw materials,
medicinal
resources

Animals reared to provide
energy (including mechanical)

Fibre, Timber,
Ornamental,
Biochemical

Raw materials,
medicinal
resources

MA, TEEB and CICES V5.1 used a conceptual framework as the reference of the classification
frameworks. The MA conceptual framework consists of ecosystem services, human well-being, and the
driver of change which can be direct or indirect (Capistrano et al., 2005). These components interact and
can take place on any scale, using any technology and lifestyle which lead to the change of ecosystem
services. TEEB and CICES V5.1 use cascade conceptual framework which consists of ecosystem
structure, ecosystem function, ecosystem service, benefits and value (R. de Groot et al.,, 2010); Roy
Haines-Young & Potschin, 2018). These components of the conceptual frameworks were adopted as the
concepts in the ESOnto. Besides the conceptual framework, the hierarchy of classification frameworks of
the MA, TEEB and CICES V5.1 and their interoperability information are captured as the typology of the
ecosystem services.

Beside literature about classification frameworks, there is glossary provided by the OpenNESS. This
glossary provides options of term definition related to ecosystem services. The definition of a concept was
chosen by comparing the definition in the TEEB, CICES V5.1 and OpenNESS glossary like the example
given in Table 3. After that, select the most appropriate definition which linked the concept with other
concepts related to it. In this case, the ecosystem function definition from the OpenNESS glossary was
chosen because it defined the relationship between ecosystem structure, ecosystem process and ecosystem
services which were the concepts connected to ecosystem function. If the definition from that sources is
not available or not properly defined by the source documents, then the definition is captured from
journal article or papers.
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Table 3 The example of the definition comparison from different sources.

Terms TEEB CICES V5.1 OpenNESS

Ecosystem | a subset of the interactions | characteristics of the | The subset of the interactions

Function between ecosystem structure | living  system  that | between biophysical structures,
and processes that underpin | come together to | and ecosystem processes that
the capacity of an ecosystem | make something a | underpin the capacity of an
to provide goods and | service ecosystem to provide ecosystem
services services.

Furthermore, there is another kind of documents can be referred such as the guidelines to develop the ES

indicators Brown et al. (2014). The guideline document shows step by step of how to assess ES. Assess ES

means to measure the state, quantity or value of the ES. ES is a function of complex interaction between

the environment and the species, the variation of use and utilisation patterns by the beneficiaries (Fisher et

al., 2009). The ecosystem service indicator needs to be defined to assess and maps this complex

interaction. The indicators will act as “information that effectively communicates the characteristics and

trends of ecosystem services” (Brown et al, 2014). These indicators will help the policy makers to

understand the condition of ES. Following is the step to develop an ES indicator mentioned by Brown et

al. (2014) :

1. Identify the stakeholder and target audience includes the purpose of the assessment

2. Identity ES related to policy objectives and targets. In other word define the ES driver of change
which can be policy, natural disaster, habitat conversion, climate change.

3. Determine the critical question and indicator use. The critical question is asking about what kind
of ES provided by the habitat, where are the service production areas and the status of the
services.

4. Develop a conceptual model. The major challenge in this step is developing the indicators and
deciding what to measure. The ecosystem service indicator is divided into four types; supply,
delivery, contribution to well-being and economic value.

5. Identify possible indicator

6. Gather and review the data.

The spatial scale, temporal scale, baseline, operationality, validation, measurement units, spatial
unit and the analysis process need to be considered.

7. Calculate indicators.

The indicator can be directly got from the measurement (raw data), or it needs to be analysed
from other data (derived data).

8. Communicate and interpret indicators. Indicators are working as communication tools to help
people understand the complex interaction of ES. Indicators can be visualised using graph or
map. The indicator map can identify spatial patterns, overlaps, gaps and facilitate decision making
discussion (MAES, 2013)

9. Test and refine the indicators.

10. Develop a monitoring and reporting system.

The guideline above makes use some ES terms and concepts which can be identified such as the

indicators, the driver of changes, the place of ES, the spatial and temporal scale, the measurement unit,

spatial unit and the quantification method. Following are supporting information about the terms:

1.

Indicators: information which communicates the trends, status and the change of ES. The
indicator is representing the ES; for example, the amount of crop in an agriculture area can be an
indicator of food provisioning services.
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The driver of changes: Is the factor which affecting the change of ES which can be human
interference such as policy and habitat conversion or nature as the driver such as disaster (volcano
and earthquake) and climate change (Capistrano et al., 2005).

The place of ES refers to the place of ecosystem service which means the place where the service
is being produced or where the service was utilised by human well-being. Place where the service
is produced or called a service production area (SPA), the place where the benefit of the service
was utilised by human well-being called as service benefiting area (SBA) (Fisher et al., 2009) and
the service connecting area (SCA) which connected the SPA and SBA when they do not overlap
or touched (Syrbe & Walz, 2012). The relation between SPA, SBA and SCA can be described
using the geometry relationships as shown in Figure 13. There are only three possibilities of the
relationship between SPA and SBA; SPA is equal with SBA (in situ), SPA is inside the SBA
(omnidirectional), SBA is disjoint from SPA and connected by the connecting area (directional -
slope dependent) and SBA overlap with the SPA with higher ranking directional effects
(directional -without slope dependence).

v

SPA |SCA

>

SBA

Figure 13 Spatial relationship between SPA, SBA and SCA. Source: (Syrbe & Walz, 2012)

Scale in ES refers to measurement and dimension in space and time which can be an extent, grain,
size and resolution, but it also can refer to the level of organisation system (Rieb et al., 2017). Wu
& Li (2006) define scale based on the dimension of scale (time, space and organisation levels),
kinds of scale (intrinsic scale, observation scale, experimental scale, analysis/modelling scale and
policy scale) and components of scale (grain, extent, coverage, spacing and cartographic scale).
Zhang, Holzapfel, & Yuan (2013) mentioned that ES is dependent on scaling and the scale can be
divided into the scale of observation, the scale of production, the scale of consumption and scale
of management. These scales were represented in ecological scale, temporal scale and institutional
scale (Hein, van Koppen, de Groot, & van lerland, 2006).

The spatial unit can refer to single land use patches, smallest common geometry (grid),
administrative unit, watersheds, or natural unit such as soil, geological or vegetation (Syrbe &
Walz, 2012). The measurement unit can be an economic value or monetary unit such as the dollar,
euro and it can be in another unit such as weight (ton/ha).

Quantification or valuation method defines as the methods used to measure the value of ES
(Costanza et al., 1997). The value of ES can be identified as ecological value, socio-cultural value
or Economic value which will bring different method to analyse(R. S. de Groot, Wilson, &
Boumans, 2002).
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41.2.  Analysis of Ecosystem Service Tools and Dataset

The tools were divided into two: analysis tools and catalogue tools. The analysis tools provided
information about how the ecosystem service was calculated, starting from the input, methods and the
output. The information about the input, method, and output was gathered from the manual instruction
or application development documents of the tools and datasets from Table 1. An easy way to gather the
information was by creating a mind map about the tools. The example of mind mapping is shown in
Figure 14. The information captured from the mind map is not the exact name of the input and output
but the data type of the input and output data. For example, input of the carbon storage and sequestration
model, is Catbon Pools, Land Use/Land Cover and the Economic Data. Input for the coastal blue catbon
is Land Use/Land Cover, Carbon Pools, Transition matrics and Economic Value. That information can
be classified as the economic data and non-economic data (LLand Use/L.and Cover, Carbon Pool,
Transition Matrix) and can be represented as a table or map.

Scale Has extent/scale

Invest

Regional

Extent /

kind of ficense has model

Open License Model —
Source

Input

Carbon Storage
and
sequestration

Carbon Pools has input

(Table)

has output

Qutput

Land Use/Land
Cover (Map)

Economic Data
(Table)

parameter
og

ULC REDD
Scenario

apv between currei

and future/redd

unit : currency/grid
cell

arbon Difference

between current and
future/redd :

unit : Mg/gridcell

has value
has alue

Negatif : carbon
lost

Figure 14 Mind mapping of InVEST

Positif :
sequestered
carbon

As seen in Table 4 the input of ecosystem service tools can vary, depends on what types of ecosystem
services were calculated and the desired output. Taking InVEST and MESH as an example, the data (input
and output) can be divided into economic data and non-economic data (the land use/ land cover and the
thematic data). Different from InVEST and MESH, the input and output of SWAT do not include
economic elements. In conclusion, the input data can then be classified into economic and non-economic
data. All of them use modelling approaches to calculate the value ecosystem services.
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Table 4 Information extracted from ES analysis tools

Tools Frameworks | Input Valuation method Output
InVEST | Supply, - Economic data Modelling: ES value, Change of
Service and (Table) - Forest carbon edge effect ES and result of a
Value - Land Use/Land - Catbon storage and scenario (Map/Table).
frameworks Cover (Map) sequestration It can be economic
(The Natural | - Thematic data - Coastal blue carbon value (with monetary
Capital such as carbon - Annual water yield unit) or non-
Project, 2017) pools, - Nutrient delivery ratio economic value when
(Tabular/Map) - Sediment delivery ratio calculating the supply.
- Scenic quality provision
- Recreation and Tourism
- Wave Energy Production
- Offshore Wind Energy
Production
- Marine finfish aquaculture
production
- Fisheries
- Crop production
- Seasonal water yield

MESH From InVEST Model-based on scenario Baseline Map

toolkit (dynamics model) scenario result map
(Raster Map)

SWAT watershed simulation based on terracing | annual average crop
dimension, climate, | operation, tile drainage, values per hydrologic
hydrologic cycle, contouring, filter strip, strip response unit (HRU)
sediment, nutrients, | cropping, fire, ground average basin values
pesticide, bacteria, waterways, plant parameter monthly and annual
water quality, plants, | update per HRU and sub-
management, basin average basin
channel process, values monthly and
impoundment annual per HRU,
process (Table) water depth (Table)

Table 5 Extracted information from ES method toolkit and data catalogue

Tools Search Parameter | Methods
MESP (method - Purpose - Monetary
toolkit) - ES type - Non-Monetary

- Target group
ValuES (method - Purpose - Biophysical Assessment method
toolkit) - ES type - Monetary Valuation method

- Target group - Social Valuation method

- Frameworks and models for decision support

ESPVT - Indicator

- Location

- Study Purpose

- Duration

- Purpose

- ES Type

- Biome

- Spatial Scale

24




ONTOLOGY DEVELOPMENT FOR ECOSYSTEM SERVICES

Different information was gathered from the catalogue tools. The catalogue tools give information about
ES concepts from the search parameter. Marine Ecosystem Service Partnership24 (MESP), ValuES25 and
ESP-VT26 use the term purpose and ES type/class as advanced search parameter. There were other
parameters in every tool as mentioned in Table 5. These parameters then were taken as a concept
candidate. Beside the search parameter, MESP and ValuES classified the valuation method. MESP
differentiate them into monetary and non-monetary method. ValuES differentiate them into biophysical
assessment method, monetary valuation method, social valuation method and frameworks and model for

decision support.

Table 6 Term gathered from pre-development step:

No | Term Used | Expanded | Deleted | Description
1 ecosystem V4 V4 Used and expanded based on the ES
services type/ classification (MA, TEEB, CICES V5.1)
2 human well- v v Used and expanded based on the institutional
being scale
3 driver of v Used
change
4 ecosystem v v Expanded based on the ecosystem structure type.
structure It also related to CICES V5.1 classification
framework
5 ecosystem v Used
function
6 benefits N4 Used
7 value V4 V4 The term changed into “Ecosystem Service
Value” and expanded by the properties which
must have a measurement unit
8 economic data | / Used
9 non-economic | / Used
data
10 | valuation v Keep it general because there are some ways to
method classify the valuation methods
11 monetary V4 Refer to valuation method (10)
12 non- v Refer to valuation method (10)
monetary
13 map v Used
14 table v Used
15 ES Type N Refer to ecosystem service (1)
16 Target group N4 Refer to Human well-being (2)
17 Location v v Changed into “place” because place has wider
coverage.
18 Indicator V4 Used
19 Purpose v deleted
20 Biome v v Changed into “ecosystem”.
21 Spatial scale v v Changed into “scale” because scale in ES are refer
to spatial scale, ecological scale, institutional scale,
observation scale and extension.

24 https://marineecosystemservices.org/
2% http:/ /www.aboutvalues.net/

26 http:/ /esp-mapping.net/Home/
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As a result, Table 6 shows the term gathered from the explore and extract knowledge of ecosystem
services step and the selection results. Five terms were deleted because it was replaced by another term or
not appropriate. The other terms were used as the starting point and then expanded based on the
hierarchy or the typology and their properties.

These terms have connection one to another and it can be related one to another. The first relation is ‘s
generated by’, for example, the ecosystem produces ecosystem function which produces the ecosystem
service. The second relation is ‘is represented by’ such as map and table can represent the economic and
non-economic data. The third relation is ‘is affected by’, for example, driver of change affects the
ecosystem service.

41.3. Reusing Existing Ontologies

Reusing existing ontologies in developing a new ontology have advantages such as reduce the works and
raise the quality of the new ontology because of the reused components have been evaluated (Lonsdale,
Embley, Ding, Xu, & Hepp, 2010). There are ontologies which have been developed related to the
ecosystem services mentioned in section 2.1. Some of them are domain ontologies such as ENVO,
SERONTO and FOAF. This ontology may have overlap components with ecosystem services because
ecosystem services are the domain which covers the relationship between environmental science and
social science. Where ENVO is an environment ontology which also covers ecosystem and SERONTO
and FOAF are ontologies which cover social science. Ontologies reuse consist of concept selection,
relation retrieval and constraint discovery (Lonsdale et al., 2010). Before creating a new concept, we can
check whether the concept exists in another ontology or not. To check the availability of a concept,
ontology developer can use ontology lookup service?’ or linked open data?. Figure 15 shows the concept
of the ecosystem in ENVO which cover the definition of the ecosystem, type of ecosystem and its
relationship with the habitat and biome which can be used in the ecosystem service ontology.

ungea ecosystem
- = | envi ined by 2 biofim.__|
—]m - ENVO_01001051 |
| ENVO_01001243
SR EnvG Eisess17) —
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Figure 15 Visualisation of ecosystem concept in ENVO. Source:
(https:/ /www.ebi.ac.uk/ols/ontologies/envo/terms/graphriri=http:/ / putl.obolibraty.org/obo/ENVO_01001110)

27 https:/ /www.ebi.ac.uk/ols/index
28 http:/ /mappings.dbpedia.org/server/ontology/ classes/
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4.2.  Conceptual Design of ESOnto

The term and relation from the previous step (Table 6) become the starting point to generate a conceptual
model shown in Figure 16. This conceptual model was expanded based on the hierarchy of the ecosystem
service classification frameworks (MA, TEEB and CICES V5.1). Besides that, the typology for place,
scale, ecosystem structure, human well-being was added. This process generated 139 concepts (appendix
A) and 11 relationships shown in Table 7.

TEEB classification
frameworks

MA classification CICES classification

frameworks

frameworks

is a kind of

is a kind of is & kind of

Ecosystem Funciton

Benefit

Ecosystem structure

produce threat/driver of

change

Human well being
has

represent

affect affect

produce
has

Valuation mehod

consist o Economic value

consist of

Non-economic value

Figure 16 Simplification of the ES conceptualisation

Table 7 Relationships used in ESOnto

Z
o

Relationships

is a kind of

is affected by
is generated by
is intended for
is known as

is located in

is part of

is properties of
is represented by
is retrieved by

is used by

O[NNI [W[DN|—

—_ | —_
— O

4.3.  Deployed Ontology

The conceptual model in section 4.2 was visualised using the LTB web application. In the LTB web
application, the definition and the source of the concepts were written in the collaborative website. The
LTB makes the ESOnto more attractive because of the visualisation of concepts map. The visualisation of
the overall concepts and relationship of ESOnto in the LTB is shown in Figure 17 and the interface of
concepts information and the concept map are shown in Figure 18.

27



— T - s
\ B
 —reemn
Wy
e *
- T o
L
—" "__ N
{ y [ A £ \—n,
Wl | L -
® '
Nt [
) -
- s —h e o
2, "t =
- -
. \ -
& X 52 = X :
" -
Y } e 1 —
e T ~
- — ~3 -
F3 2 <
= : ] |
¥ - . 3 "
=T= ' 5
" - el . _'-: 'y
L N L
el \ -
- - e <3 >
= N S PT
= ‘- - W =
- > b ————r
= ~ N o
- = e - o
= LS 2 * -
- i - Yy e &
F -
om o *®
* 5 -
L
Figure 17 ESOnto concepts map
— | o [ ] Search <
= m Living Textbook ‘ Q o L
D feeb,
| o | e
[ ist I ¥ Open map || ¢ Edit || % Remove H + Add N\ -
| 2\ !
—+ y o A |
Ecosystem service e
y 3
Ecosystem service is the contributions that ecosystems make to ""{d'(“l:i""‘ A\
human well-being, and distinct from the goods and benefits that L 2
people subsequently derive from them.
Source:
Roy Haines-Young, by, & Patschin, M. (2018). Common International
Classification of Ecosystem Services (CICES) V5.1 Guidance on the :
Application of the Revised Structure. Retrieved from www.cices.eu ;
. . e /[
Outgoing relations < R
« Ecosystem service js Jocated in Place /
+ Ecosystem service Js affected by Driver of change e
« Ecosystem service js generated by Ecosystem function -
« Ecosystem service js affected by Ecosystem structure 4
« Ecosystem service js generated by Ecosystem
» Ecosystem service js represented by Indicator @.
a a

Incoming relations

definition and the outgoing and incoming relations.

The concepts of ESOnto are shown by the circle; the arrows are showing the relationship between
concepts. To read the ontology, it starts from the concept where the arrow began and ended where the
end of the arrow. Example from Figure 19: Ecosystem service value is generated by the ecosystem
service; Ecosystem service is represented by Indicator; Ecosystem service is located in Place; and
Ecosystem service is affected by Driver of change. The ESOnto can be accessed in this link

https://ltb.itc.utwente.nl/page/144/dashboard.

Figure 18 The visualisation of Ecosystem Service concept in LTB. The left part shows the definition, source of
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Figure 19 The relationships and concepts in the ESOnto
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4.4.  Formalised Ontology

The concepts and the relationships in previous results then formalised using turtle language. Only the
ESOnto related to the use case was transformed into turtle language. Some existing ontology were used in
the formalisation process as follows:

a. xsd: http://www.w3.0rg/2001 /XMI.Schema#

b. ENVO: http://putl.obolibrary.org/obo/ENVO 01001110

c. db: http://dbpedia.org/ontology
XML Schema (xsd) were used to define the type of value whether it is a string, decimal, integer or date.

ENVO were used for the ecosystem and its classification part, and DBPedia were used to define the place
of ecosystem services.

Figure 20 shows the example of formalisation using turtle from the TEEB Database. The prefix shows the
ontologies used to formalise the TEEB database. Start from line 6 is the TEEB Database where it
informed that TEEB1 (code used to define an ecosystem service as individual) is a Raw Material, it is
produced by Ecosystem of Grassland in (Service Production Area/SPA) of Dutch Wadden Sea.
TEEBI1 is generated using direct market pricing in district scale, and the ES value is 27 Euro/ha/yr.

ECOSYSTEM CASE STUDY LOCATION

Biome Ecosystem ESSubservice Country Scale of research Location Name Valuation Method Value Unit

Select Biome T Select ecosystem ¥ Select Subservice | -¥|Select a country ¥ | Select a region | v Select an Income Group | ¥ Select a method | ¥ |Query values | ¥ Select unit(s] v |
Grasslands Temperate natural grasslands Raw materials [unspecified] Netherlands Landscape / district Dutch Wadden Sea, the Netherlanc Direct market pricing 27 EUR/ha/yr

"4

1 @prefix xsd: <http://www.w3.org/2001/XMLSchema#> .

% @prefix ESOnto: <http://webprotege.stanford.edu/ayu#>.

° |@prefix ENVO: <http://purl.cbolibrary.org/obo/ENVO_81001110%#>.
4 |l@prefix db: <http://dbpedia.org/ontology/>.

5

€ |ESOnto:TEEB1 a ESOnto:TEEBRawMaterial;

7 ENVO:Ecosystem ENVO:Grassland;

8 db:Place "Netherlands";

g ESOnto:SPA  "Dutch Wadden Sea";
10 ESOnto:ValuationMethod "Direct market pricing";
11 ESOnto:ObservationScale "District”;
12 ESOnto:ESValue "27"~"xsd:decimal;
13 ESOnto:MUnit "Euro/ha/yr".

Figure 20 Formalisation code for TEEB Database.

Besides the data, the concept, and relationship also formalised as shown in Figure 21. This part of
formalisation is describing the hierarchy of CICES V5.1 group of genetic material, and its interoperability
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with other classification frameworks. The complete turtle file for the MAES data and TEEB Dataset are
shown in Appendix B

ESOnto:CICESBreediewvariety

ESOnto:CICESMaintainEstablishPopulation

ESOnto:CICESDesignConstructNewBiologicalEntities

ESOnto:isKindof ESOnto:CICESGeneticMaterial;
ESOnto:EcosystemStructure  ESOnto:Biotic.
ESOnto:isKindof ESOnto:CICESGeneticMaterial;
ESOnto:EcosystemStructure  ESOnto:Biotic.
ESOnto:isKindof ESOnto:CICESGeneticMaterial;
ESOnto:EcosystemStructure  ESOnto:Biotic.

ESOnto:CICESGeneticMaterial ESOnto:isKindof ESOnto:CICESProvisioningService.
ESOnto:CICESBiomass ESOnto:isKindOf ESOnto:CICESProvisioningService.
ESOnto:CICESNutritionalPurpose ESOnto: isKnownAs ESOnto:MAFood, ESOnto: TEEBFood.

ESOnto:CICESMaterialPurpose ESOnto:isKnownAs ESOnto:MABiochemicalNaturalMedicinePharmaceuticals, ESOnto:MAFiber, [ESOnto:MAFuel, ESOnto:TEEBMedicinalResource
ESOnto:CICESEnergyPurpose ESOnto: isKnownAs ESOnto:MABiochemicalNaturalMedicinePharmaceuticals, ESOnto:MAFiber, ESOnto:MAFuel, ESOnto:TEEBMedicinalResource
Figure 21 ESOnto formalisation

4.5.  Evaluation of Ecosystem Service Ontology

This chapter will describe the result of ESOnto evaluation. The ESOnto was evaluated in two stages:

through a user-based and task-based evaluation (see Section 3.3 for the description).

4.5.1.

User-based Evaluation Results

Twenty-six participants participate in the user-based evaluation of the ESOnto. The user-based evaluation

was done through an online survey in which participants explored the ontology through the LTB and

answered the questions to assess their understanding of the ontology. The survey was estimated to take

from eight to twenty minutes. Answers from participants who finished the survey in less than eight

minutes were considered to be invalid. Furthermore, the incomplete answers were also considered as

invalid. The incomplete answer refers to a case in which the participant only answers less than half of the

survey questions. After the application of these criteria fourteen survey answers were considered as valid

for this analysis, a number which was suitable for the requirements of this study.

Below is the question of the survey part I and part IT which assessed the usability and level understanding

of ES
Part I. True or false questions about ES
No Statement
1 Ecosystem services are the contributions of human well-being to ecosystems
2 Medicinal resource (TEEB) is known as Biochemicals, natural, medicines, pharmaceuticals
(MAY.
Energy produced from wild plants (CICES) is a kind of Genetic material
4 Biomass (CICES) can be utilised as the source of food, the source of material and source of
energy-
5 Ecosystem produces ecosystem services which generate benefit for human well-being
6 Water purification is a kind of provisioning service
7 The indicators of ecosystem services represent ecosystem service
8 Service providing area is a kind of place where ecosystem service is located
9 Ecosystem service is affected by the structure of an ecosystem
10 | The place of ecosystem service is defined by the location of the production area and the
benefit area

Part II. Do you agree or disagree with the following statement? 1(not agree) — 4(agree)

11. This ontology helps to understand the definition of ecosystem services.

12. This ontology helps to understand which factors are affecting the assessment of ecosystem

service.
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13. This ontology helps to understand the different classification frameworks of ecosystem services
and the level of interoperability among them.

More than 70 percent of participants give the correct answer of the part I except for the first question
about the definition of ES. The definition of ES in the first question was reversed from the written
definition in ESOnto which might distract the participants. Despite that, the results of part I indicates that
the user of ES can get information about ES in the ESOnto and it is supported by the results of the part
II where 10 of 14 participants agreed that the ESOnto help them to understand the ES assessment and
classification frameworks (Figure 22).

True and False Question Results
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Figure 22 Upper graph: survey results of Part I. Lower graph: survey results of part I1.

The survey results of part III were analysed based on the knowledge of the participants about ES. The
first group is participants who encounter ES for the first time in this questionnaire. The second group is
participants who are familiar with ES and the last is the Ecosystem Services working group of GEO
BON. Refer to Section 3.3.1 the GEO BON member had the biggest weight factor followed by the
participants who know ES and the patticipants who new to ES. The objective of these questions was
asking about the clarity of the relationships used in the ESOnto. Below are the part 111 questions:

14. Which of the following words can best describe the interoperability between ecosystem service

typologies:
a. Is corresponding to

Is known as
Is same as
Is equivalent to

o oo o
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15. Which of the following relation types describe the best relationship between the valuation method
of ecosystem service and the indicators of ecosystem service?
a. Isaffected by
b. Is defined by
c. Is measured by
d

16. The hierarchy of CICES has four levels as following:1 Section (e.g. Provisioning), 2 Division (e.g.
Biomass), 3 Group (e.g. Cultivated terrestrial plants for nutrition, materials or energy), 4 Class
(e.g. Cultivated terrestrial plants grown for nutritional purposes). Which of the following choices
which describe the best relationship between Division, Group and Class in CICES?

>
Is a kind of CICES Is intended for C\CES /
CICES Cultivated Nutritional CICES
Biomass Terrestrial = Biomass
.ant Pvpose \ 7

o

CICES
Cultivated
terrestrial plant

CICES
Cultivated
Terrestrial
Plant

Is a kind of is a kind of

for Nutritional
Purpose /
v

Group 'is intended for' Class Class 'is a kind of' Group

17. Which of the following action is needed to improve the ESOnto?

a. Improve the definition of concept by adding explanation and example

b. Improve the relationship type, so it is easier to understand

c. No comments

d. Other:.....
The result of part III is represented in Figure 23 and Figure 24. Most of the participants were select is
corresponding to for presenting the interoperability of the classification frameworks. However, the GEO
BON member select is equivalent to or is same as. The group who know ES select is equivalent to, so
it is the most significant to replace is known as (the existing relationship for the ecosystem services
interoperability). The question no 15 was about choosing the best relationship for describing the
interaction between ecosystem service and the indicators, most of the GEO BON member select is
measured by, the group who know ES select is affected by and is measured by, and the group who
new to ES select is affected by. Compare to the number of the first, second and the third group and
expertise level, is measured by can be a candidate to replace is affected by for relationship between the
ecosystem service and indicators. For the question no 16 which asking the best relationship between
group and class, most of the participants from three groups selected class is a kind of group which
means it is better than the existing relationship in the ESOnto.
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Figure 23 Survey results of Part ITI, question number 14 and 15.
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The hierarchy of CICES has four levels as following :1 Section (e.g.
Provisioning),2 Division (e.g. Biomass),3 Group (e.g. Cultivated
terrestral plants for nutrition, materials or energy),4 Class (e.g.
Culuvated terrestrial plants grown for nutritional pur

1.2
1
0.8
0.6
0.4

] i
0

Class 'isa Group 'is Class 'isa Group'is Class 'isa Group'is

kind of' Group intended for' kind of' Group intended for' kind of' Group intended for'
Class Class Class

Geobon member who know ES who new to ES

Figure 24 Survey results of part III, question number 16.

Based on part I and part 11, the ESOnto was understandable and helped the user to grasp the knowledge
about ES classification frameworks, its interoperability and the ES assessment process. Part III results
prove that the existing relationships used in the ESOnto can be better by improving it using the survey
results. Furthermore, there were suggestions from the survey participants as follows:
- Improve the definition of concept by adding explanation and example
- Improve the relationship type, so it is easier to understand
- replace the words "kind of" with "type of" because in everyday language, "kind of" is used to
express doubt and people might be confused by this
- Add different layers for TEEB, MA and CICES that the user can (un)select
- This ontology is a very good and comprehensive synthesis. The interactive platform makes it
more enjoyable to understand the terms and complexity of interactions. I think it can be a nice

way to approach the study of ecosystem services through play.

4.5.2.

The task-based evaluation was built based on the query from the competence question. The query from

Task-based Evaluation Results

the competence question can be seen in Table 8. All of the queries are working well, and the result of the
query can be seen in APPENDIX C.

Table 8 Translation of competence question ito queties.

No | Competence Question Query Concept used
1 Which indicators used SELECT ?ES1 ?ES2 ?Indicator CICES Provisioning
for provisioning service? | WHERE {?ES1 ESOnto:isKindOf Service, its subclass
ESOnto:CICESProvisioningService. and Indicator.
?ES2 ESOnto:isKindOf PEST.
?ES3 a ?PES2; ESOnto:Indicator
?Indicator.}
Group BY ?ES1 ?ES2 ?Indicator
2 What are the class of the | SELECT ?Indicator P’MATEEB CICES Provisioning
fodder crop ecosystem WHERE {?ES1 ESOnto:isKindOf Service, its subclass,
services in TEEB and ESOnto:CICESProvisioningService. MA Subclass, TEEB
MA classification ?ES2 ESOnto:isKindOf PEST. Subclass and Indicator.
frameworks? ?ES3 a ?PES2; ESOnto:Indicator
?Indicator.
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No | Competence Question Query Concept used
?ES2 ESOnto:isKnownAs PMATEEB.
FILTER (?Indicator =
ESOnto:foddetcrop).}
GROUP BY ?Indicator P/MATEEB

3 Where is the location of | SELECT ra ?ESV rplace Ecosystem service
the highest value of WHERE {ra a ESOnto:energycrop; value, Place, Service
energy crop? ESOnto:ESValue ?PESV; ESOnto:SPA | Providing Area (SPA),

place.} and Indicator (energy
ORDER BY DESC (?ESV) crop)
LIMIT 1

4 Which grid has the SELECT SUM(ESV) AS ?ESValue rplace Indicator, Ecosystem
highest value of WHERE { service value, Place,
provisioning service? {SELECT distinct ?ES3 PIndicator ra CICES: Provisioning
With the assumption WHERE {?ES1 ESOnto:isKindOf Service and its
that provisioning service | ESOnto:CICESProvisioningService. subclass.
value is equal with the ?ES2 ESOnto:isKindOf ?ES1.
sum of the provisioning ?ES3 a PES2; ESOnto:Indicator
service subclass value. ?Indicator.

?a a ?Indicator} }
?a ESOnto:ESValue ?ESV;
ESOnto:SPA ?place.}
GROUP BY ?place
ORDER BY DESC (?ESValue)
limit 1

5 Which valuation SELECT »VM Valuation method,
method is used to WHERE {?a a ESOnto:TEEBRawMatetial; | TEEB: Raw Material
analyse the raw material ESOnto:ValuationMethod ?VM. }
ecosystem services?

6 What is the unit of the SELECT ?b »VUnit Ecosystem services
ecosystem setvices WHERE {?a a ?b; ESOnto:MUnit ?VUnit.} | and Measurement unit
value? GROUP BY ?b ?VUnit

7 What is the scale of the | SELECT ?Scaletype ?ES ?scale Scale, Scale type,

ES?

WHERE {?Scaletype ESOnto:isKindOf
ESOnto:Scale.
?ES PScaletype ?scale.}

Ecosystem service
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5. DISCUSSION AND CONCLUSION

The ontology development for ES proves that organised vocabularies (concepts) can support the
communicating process and sharing a common knowledge about ES. Furthermore, it also supports the
interoperability between ES classification frameworks. This chapter will discuss the overall works done in
this thesis by taking into account the research objectives, methodology and results, answer to the research
question and conclusion.

5.1. Discussion

The ontology of ES was built from three sources that fulfil the requirement to build ontology using the
top-down approach. It consists of the Bon-in-a-Box list of tools, literature review and existing ontologies
related to ES. The tools in Bon-in-a-Box list of tools can be divided into three kind of tools, the first is
data analysis tools, the second is the catalogue tools and the thirds is the guidelines. Recall subsection 4.1
the data analysis tools can provide information about the input, process and output of ES. However, these
tools do not always provide the information about the definition of the terminology, and the frameworks
of ES for instance Co$ting Nature and WaterWorld. Furthermore, the specialisation process of the
‘valuation method’ concept is limited by the lack of the terminology information and framework.Jacobs et
al. (2016) mentioned that there were diverse valuation methods and to integrate the ES Value more
research is needed on the diverse purposes of valuation, ethical grounds and motivations of researchers.
The ‘valuation method’ concept need further exploration later when the concept of the valuation become
more concrete.

For the catalogue of tools, they provide important information about the concepts related to the ES.
Based on the catalogue tools, the ES data were shared online. For instance, EUBON Europe biodiversity
portal. These data were shared not in form of standard semantic web. This standard needs to be applied
to enables the semantic web and linked data (Berners-Lee, 2006). In order to meet the standard, additional
effort to convert the data into RDF data model was needed.

The guidelines describe the step by step of ES assessment and ES mapping process. In this study, eight ES
guidelines that listed in the Bon-in-a-Box were used to extract information about the factor that influence
the ES assessment and to confirm the concepts that gathered from the data analysis tools and catalogue
tool. These guidelines were sufficient to confirm as they cover all the concepts gathered from the analysis
and catalogue tools.

The extracted information from the three type of tools in Bon-in-a-Box were used to design the structure
of the ontology that includes the concept of ES. It consists of concepts which affected the ES assessment.
It also covered the interoperability between MA, TEEB and CICES V5.1 classification. Most of the ES
data were acquired using the MA and TEEB, the interoperability information can be used to convert the
ES data into CICES V5.1. MA and TEEB have two hierarchy level (class and subclass) and CICES V5.1
has five hierarchy level (section, division, group, class and class type). The subclass level of MA and TEEB
have the same benefit are equivalent with the class level of CICES V5.1. The difference in the hierarchy
level leads to condition that not all of the classes in CICES V5.1 can be represented in the MA and TEEB
(Roy Haines-Young & Potschin, 2018). For example, the “non-aqueous natural abiotic ecosystem
outputs” does not have equivalent class in MA and TEEB. In case other classification frameworks atre
added to the ontology such as the FEGS-CS, there is possibility of changes in the hierarchy and
relationships type. Because the MA, TEEB and CICES V5.1 classified the ES based on the services while
the FEGS-CS classified the ES based on the biological sphere and beneficiary (Geneletti et al., 2016).

The structure of the ontology was deployed using LTB web-applications. The LTB has advantages by
providing a convenience way to build the visualisation of the ontology. It visualises the ES Ontology in an
interactive user interface which provides the concepts map and information in the same page, also search
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function. To update the type of relationships the LTB user needs to update the link which use that type of
relationships one by one. Beside that, it only can be accessed using University Twente accounts. However,
the ESOnto can be deployed in other platforms.

After the deployment, the ES Ontology was formalised into RDF data model. The use case data which is
in the excel format then converted to RDF data model using RDF Editor. The URI is needed as identifier
of the data in the ES Ontology. The RDF data model is written using turtle language. The turtle language
is straightforward and readable by human and machine compared to another syntax (Powell, 2015). Most
of the user of this ontology are not familiar with the RDF data model. However, it needs to be applied in
order to achieve the linked data. By using turtle language, the user can easily distinguish the components
of ontology compare to another syntax. It also enables to retrieve and query the ES information.

The ESOnto was evaluated using two approaches; namely task-based evaluation and user-based
evaluation. The task-based evaluation of the ontology measured the effectivity of the ESOnto. The task-
based evaluation cover competence question related to interoperability between ES classification
frameworks and aggregation of the ES value to the class of higher level based on the classification
frameworks hierarchy. The evaluation result proves that the ESOnto can answer the competence question
of the use case effectively refer to subsection 4.5.2. The user-based evaluation measured the usability and
clarity of the ESOnto. The ESOnto succeed to communicate the knowledge of ES illustrated by around
70% of the participant agree that the ESOnto. It helps them to understand the ES Assessment, ES
classification frameworks and its interoperability. The usability of the ontology is needed by the users to
solve their problems using ontology (Baker & Cheung, 2007). The clarity of the relationships type needs to
be improved based on the user-based evaluation results in subsection 4.5.1. The clarity can be achieved
with more advanced evaluation using a peer-review based approach which allow the user to provide
qualitative ratings on the ontology content for ontology evaluation (Supekar, 2005). Furthermore, the user-
based evaluation has to consider on the issue of subjectivity as mentioned by Hlomani & Stacey (2014).

5.2. Conclusion

The development of ESOnto aims to serve interoperability between ecosystem classification frameworks
and communicate information about ES domain. It achieved this by exploring the ecosystem service tools,
data catalogue, literature and existing ontologies. The ESOnto is available in the turtle language which is
readable by machine and is visualised in L'TB which easier to understand by human. The user-based and
task-based evaluation provide the usability, the clarity and the effectivity of the ESOnto. The ESOnto can
be used for communicating the ES knowledge and interoperability between ES classification frameworks,
standard of terminology and answering the ES competence questions.

However, there are some limitation and point to be improved in the next study as follows:

1. The use case in this study only used two dataset which was limited in the structure and information
provided. So, it is recommended to test this ontology using bigger dataset from various source by
developed the linked data of ES based on this study.

2. The ESOnto only cover MA, TEEB and CICES V5.1 and can be improved by adding the
interoperability to other classification frameworks such as the FEGS-CS

5.3.  Answering Research Questions

The input, the process, and the output of ES tools available in the ES domain

The explored tools about ecosystem services had its frameworks and standards. The standard
consists of ecosystem service terminologies, methodologies, tools and maps. This condition leads
the input, and the output of the tools had its individual format and structured. It is almost
impossible to combine data or use the output data as an input in different tool directly except the
tools are made by the same institution or project. This characteristic also mentioned by Schmidt &
Seppelt (2018) who analyse databases and conclude that all databases used individual
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standardisation concepts only a few provide documentation for archiving and retrieval of
information across databases. These characteristics made the data discovery across different
databases, and processing of information need significant effort and time.

The classification method, framework and terminologies.

In the ecosystem service domain there were several classification methods and frameworks such
mentioned in Section 2.2 and 4.1.1. Some of the classifications were created based on different
frameworks but has same classification such as the MA and TEEB, there were also classification
which used the same frameworks but has different classification such as TEEB, CICES V5.1 and
FEGS-CS. But there were some concepts which used in all of the frameworks such as ecosystem
service, ecosystem function and ecosystem structure and benefit. Even though, the definition of
those concepts could be different such analysed by La Notte et al. (2017). In this study, the
definition selection only based on the closest definition which linked the concept to other related
concepts. The criteria of the definition selection can be improved to get more proper definition
which will be used as the standard vocabularies in ES domain, besides that this study only covers
MA, TEEB and CICES V5.1 classification frameworks so the ESOnto still open opportunity to be
improved and expanded.

The relations between the input, the output, the classification, the framework and terminologies.
Different terminologies and definition from the classification, frameworks, input data and output
could be grouped into concepts which generate other concepts, concepts which affect the
assessment of ES and concepts which represent and become properties of other concepts as
mentioned in Section 4.1.2 .

Design and develop the domain ontology of ES

The existing condition and characteristics of the ES Ontology was semi unstructured due to
different standard of the data format, structure, data type, definition, classification and frameworks.
Building the ES Ontology was challenging on defining the relationship for several typologies but
needed to maintain the concistency of the relationship so it not only used by specific concepts but
also can be used for different concepts. For example the valuation method was classified in several
ways such done by Cotd et al. (2017) which classify the valuation methods into bundles, trade-offs
and synergies based on the relationship between ecosystem services. The valuation methods
typology also can be defined based on the value characteristics whether it is economic value or non-
economic value which used in ValuES. The Generic Ontology Development method and top-down
strategy used in this study was very helpful to design the ES Ontology.

The purpose and coverage of the ES Ontology

This ontology was intended to cover the interoperability problem caused by the classification
frameworks. Besides that, the ES Ontology also built based on the cascade conceptual frameworks
and ES assessment and mapping process.

The classes and properties of the ES Ontology.

The classes and properties of the ES Ontology were built in coarse granularity. It captured the
general concepts of the ES assessment and mapping based on the typology as shown in Appendix
A and Section 4.2.

How will the classes and properties be related to each other?

The classes are related based on their characteristics, whether it generates, affects, represent or
properties of the other class. The relationships were presented in Section 4.2. and Appendix A parts
the concepts and relationships

The rules and constraints in the ES domain.

The interoperability relation between ecosystem services classification frameworks are going in one
way. For example: CICES cultivated plants for nutritional purpose is known as MA food, but MA
food not necessarily equal to the CICES cultivated plants for nutritional purpose. This rule was
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implemented by the arrow of relationship is only going in one way. However, in L'TB the two-way
relationships were not possible because LTB only provide one-way relationships.

How to test the quality of ES Ontology?

Hlomani & Stacey, (2014) mentioned four ways to evaluate ontology and also provides the metrics
of the evaluation such as the accuracy, adaptability, clatity, cohesion, completeness, computational
efficiency, conciseness, consistency, coupling and coverage. The evaluation of this study was
measured the usability, clarity and coverage of the ESOnto. The user-based evaluation was used to
measure the usability and clarity. The task-based evaluation was used to measure the coverage of
the ESOnto base on the use case. The results of the usability were good as more than 70 percent
patticipants can answer the true/false question about ES and the clarity of the relationship is not
well defined as the participants choose different relationship to use in the ESOnto. The limitation
of this evaluation because of limited participants in the survey.

Relevant queries can be applied in ES Ontology to solve the use case

The use case and relevant query was composed base on the problem which solved by this ontology.
The first is the interoperability problem, the query was developed to ask what the class of a certain
ES is in different classification frameworks and aggregating ES service value into the higher class of
ecosystem service. The second is about the communication problems, so the query was developed
by asking about the ES Value, the Valuation methods, the indicators which used and the location.

38



ONTOLOGY DEVELOPMENT FOR ECOSYSTEM SERVICES

LIST OF REFERENCES

Abreu, D. P., Velasquez, K., Pinto, A. M., Curado, M., & Monteiro, E. (2017). Describing the Internet of
Things with an ontology: The SusCity project case study. In 2077 20th Conference on Innovations in
Clouds, Internet and Networks (ICIN) (pp. 294-299). IEEE.
https://doi.org/10.1109/ICIN.2017.7899427

Augustijn, P. W. M., Lemmens, R. L. G., Verkroost, M. J., Ronzhin, S., & Walsh, N. (2018). The Living
Textbook: Towards a new way of Teaching Geo-Science. In AGILE 2018 215t conference on Geo-
information Science : Geospatial technologies for all. Lund, Sweden: Association of Geographic Information
Laboratories for Europe (AGILE). Retrieved from
https:/ /tesearch.utwente.nl/en/publications/ the-living-textbook-towards-a-new-way-of-teaching-
geo-science

Bagstad, K. J., Semmens, D. J., Waage, S., & Winthrop, R. (2013). A comparative assessment of decision-
support tools for ecosystem services quantification and valuation. Ecosystem Services, 5, 27-39.
https://doi.org/10.1016/]. ECOSER.2013.07.004

Bajwa, 1. S. (2011). A Framework for Ontology Creation and Management for Semantic Web. Inzernational
Journal of Innovation, Management and Technology, 2(2), 116—118. Retrieved from S Bajwa - International
Journal of Innovation Management, 2011 - cs.bham.ac.uk

Baker, C. J. O., & Cheung, K. H. (2007). Semantic web: Revolutionizing knowledge discovery in the life
sciences. In Semantic Web: Revolutionizing Knowledge Discovery in the Life Sciences (Vol. 9780387484, pp. 1—
445). https://doi.org/10.1007/978-0-387-48438-9

Beckett, D., Berners-Lee, T., Prud’hommeaux, E., & Carothers, G. (2008). RDF 1.1 Turtle. Retrieved
February 15, 2019, from https://www.w3.0trg/TR/2014/REC-turtle-20140225 /#sec-intro

Bennett, E. M., Peterson, G. D., & Gordon, L. J. (2009). Understanding relationships among multiple
ecosystem setvices. Ecology Letters, 12(12), 1394-1404. https://doi.org/10.1111/j.1461-
0248.2009.01387.x

Berners-Lee, T. (20006). Linked Data - Design Issues. Retrieved March 14, 2019, from
https://www.w3.0rg/Designlssues/LinkedData.html

Berners-Lee, T., Hall, W., Hendler, J. A., O’Hara, K., Shadbolt, N., & Weitzner, D. J. (20006). A
Framework for Web Science. Foundations and Trends in Web Science, 1(1), 1-130.
https://doi.org/10.1561 /1800000001

Bizer, C., Heath, T., & Berners-Lee, T. (2009). Linked Data - The Story So Far. International Jonrnal on
Semantic Web and Information Systems, 5(3), 1-22. https://doi.org/10.4018/jswis.2009081901

Bon in a Box. (2016). Retrieved June 18, 2018, from https://boninabox.geobon.org/

Boyd, J., & Banzhaf, S. (2007). What are ecosystem setrvices? The need for standardized environmental
accounting units. Ecological Economics, 63(2-3), 616—626.
https://doi.org/10.1016/]. ECOLECON.2007.01.002

Braat, L. C., & de Groot, R. (2012). The ecosystem services agenda:bridging the worlds of natural science
and economics, conservation and development, and public and private policy. Ecosystens Services, 1(1),
4-15. https://doi.org/10.1016/]. ECOSER.2012.07.011

Brewster, C., Alani, H., Dasmahapatra, S., & Wilks, Y. (2004). Data Driven Ontology Evaluation. In
Proceedings of the Language Resources and Evalnation Conference (LREC 2004) (pp. 164—168). Lisbon,
Portugal. Retrieved from https://eprints.soton.ac.uk/259062/

Brown, C., Reyers, B., Ingwall-King, L., Mapendembe, A., Nel, J., O’farrell, P., ... Bowles-Newark, N. J.
(2014). Measuring ecosystem services: Guidance on developing ecosystem service indicators. UNEP-WCMC.
Cambridge, UK. Retrieved from https://www.unep-
wemc.org/system/dataset_file_fields/files/000/000/303/ original/1850_ESI_Guidance_A4_WEB.
pdfr1424707843

Burkhard, B., & Maes, J. (Eds.). (2017). Mapping Ecosystem Services. Sofia: Pensoft Publishers. Retrieved
from https://www.researchgate.net/publication/315074237

39



Buttigieg, P., Morrison, N., Smith, B., Mungall, C. J., & Lewis, S. E. (2013). The environment ontology:
contextualising biological and biomedical entities. Journal of Biomedical Semantics, 4(1), 43.
https://doi.org/10.1186/2041-1480-4-43

Capistrano, D., Samper K., C., Lee, M. J., & Raudsepp-Hearne, C. (Eds.). (2005). MA Conceptual
Framework. In Ecosystems and Human Well-being: Multiscale Assessments (Volume 4, p. 13). Washington:
Island Press. Retrieved from
https:/ /www.millenniumassessment.org/documents/document.768.aspx.pdf

Ceballos, G., Ehrlich, P. R., Barnosky, A. D., Garcia, A., Pringle, R. M., & Palmer, T. M. (2015).
Accelerated modern human—induced species losses: Entering the sixth mass extinction. Science
Adpances, 1(5), e1400253. https://doi.org/10.1126/sciadv.1400253

Ceballos, G., Ehrlich, P. R., & Dirzo, R. (2017). Biological annihilation via the ongoing sixth mass
extinction signaled by vertebrate population losses and declines. Proceedings of the National Acadeny of
Sciences of the United States of America, 114(30), E6089—-E6096.
https://doi.org/10.1073/pnas.1704949114

Cord, A. F., Bartkowski, B., Beckmann, M., Dittrich, A., Hermans-Neumann, K., Kaim, A, ... Volk, M.
(2017). Towards systematic analyses of ecosystem service trade-offs and synergies: Main concepts,
methods and the road ahead. Ecosysten Services, 28, 264-272.
https://doi.org/10.1016/]. ECOSER.2017.07.012

Costanza, R., D’Arge, R., de Groot, R., Farber, S., Grasso, M., Hannon, B., ... van den Belt, M. (1997).
The value of the world’s ecosystem services and natural capital. Nature, 387(6630), 253—260.
https://doi.org/10.1038 /38725320

D.B, L., & R.V, G. (1990). Building Large Knowledge-Based Systems: Representation and Inference in the
Cyc Project. Artificial Intelligence, 61(December), 95-104.

David Barton, Anita Bayer, Diana Tuomasjukka, Genevieve Patenaude, James Paterson, Martin Karlsen,
& Anders L Madsen. (2016). Using a Bayesian Belief Network for classifying valuation | HUGIN
OpenNESS. Retrieved August 7, 2018, from http://openness.hugin.com/oppla/ValuationSelection

de Groot, R., Fisher, B., Christie, M., Aronson, J., Braat, L., Gowdy, J., ... Shmelev, S. (2010). Chapter 1
Integrating the ecological and economic dimensions in biodiversity and ecosystem service valuation.
In P. Kumar (Ed.), The Economics of Ecosystems and Biodiversity Ecological and Economic Foundations (pp. 4
40). London and Washington: Earthscan. Retrieved from http://www.teebweb.otg/wp-
content/uploads/2013/04/D0-Chapter-1-Integrating-the-ecological-and-economic-dimensions-in-
biodiversity-and-ecosystem-service-valuation.pdf

de Groot, R. S., Wilson, M. A., & Boumans, R. M. . (2002). A typology for the classification, description
and valuation of ecosystem functions, goods and services. Ecological Economics, 41(3), 393—408.
https://doi.org/10.1016/50921-8009(02)00089-7

Diaz, S., Demissew, S., Carabias, J., Joly, C., Lonsdale, M., Ash, N., ... Zlatanova, D. (2015). The IPBES
Conceptual Framework — connecting nature and people. Current Opinion in Environmental
Sustainability, 14, 1-16. https:/ /doi.org/10.1016/j.cosust.2014.11.002

Drakou, E. G., Crossman, N. D., Willemen, L., Burkhard, B., Palomo, 1., Maes, J., & Peedell, S. (2015). A
visualization and data-sharing tool for ecosystem service maps: Lessons learnt, challenges and the
way forward. Ecosystem Services, 13, 134-140. https://doi.org/10.1016/]. ECOSER.2014.12.002

Duran-Muifoz, I., & Bautista-Zambrana, M. R. (2017). Applying Ontologies to Terminology: Advantages
and Disadvantages. HERMES - Journal of Language and Communication in Business, 26(51), 65.
https://doi.otg/10.7146/hjlcb.v26i51.97438

Egoh, B., Drakou, E. G., Willemen, L., Maes, J., & Dunbar, M. B. (2012). Indicators for mapping ecosystem
services a review. Publications Office of the European Union. https://doi.org/10.2788/41823

Ehtlich, P. R., & Ehrlich, A. H. (1981). Extinction: the canses and consequences of the disappearance of species.
Random House. Retrieved from https://books.google.nl/books?id=oPoTAQAAIAA]

Elmgqvist, T., Maltby, E., Barker, T., Mortimer, M., Perrings, C., Aronson, J., ... Salles, J.-M. (2010).
Chapter 2 Biodiversity, ecosystems and ecosystem services. In Pushpam Kumar (Ed.), The Econonics
of Ecosystems and Biodiversity Ecological and Economic Foundations (p. 96). London and Washington:
Earthscan. Retrieved from http://img.teebweb.org/wp-content/uploads/2013/04/D0-Chaptet-2-
Biodiversity-ecosystems-and-ecosystem-services.pdf

Fernandez-Lépez, M., & Gomez-Pérez, A. (2002). Overview and analysis of methodologies for building
ontologies. The Knowledge Engineering Review, 17(02), 129-156.
https://doi.org/10.1017/50269888902000462

40



ONTOLOGY DEVELOPMENT FOR ECOSYSTEM SERVICES

Fernandez, M., Gomez-Perez, A., & Juristo, N. (1997). METHONTOLOGY: From Ontological Art Towards
Ontological Engineering. Madrid, Spain. Retrieved from www.aaai.org

Fisher, B., Christie, M., Aronson, J., Braat, L., Gowdy, J., Haines-Young, R., ... Shmelev, S. (2010). Chapter
1 Integrating the ecological and economic dimensions in biodiversity and ecosystem service valuation. Retrieved from
http:/ /www.teebweb.org/wp-content/uploads/2013/04/D0-Chapter-1-Integrating-the-ecological-
and-economic-dimensions-in-biodiversity-and-ecosystem-service-valuation.pdf

Fisher, B., Turner, R. K., & Morling, P. (2009). Defining and classifying ecosystem services for decision
making. Ecological Economics, 68(3), 643—653. https://doi.org/10.1016/]. ECOLECON.2008.09.014

Fonseca, F., Egenhofer, M., Davis, C., & Camara, G. (2002). Semantic granularity in ontology-driven
geographic information systems. Annals of Mathematics and Artificial Intelligence, 36, 121-151. Retrieved
from https://link.springer.com/content/pdf/10.1023%2FA%3A1015808104769.pdf

Frey, U. J., & Cox, M. (2015). Building a diagnostic ontology of social-ecological systems. International
Journal of the Commons, 9(2), 595. https:/ /doi.org/10.18352/ijc.505

Galler, C., Hermes, J., Neuendorf, F., von Haaren, C., & Lovett, A. (2016). Applying ecosystem services
indicators in landscape planning and management: The ES-in-Planning framework. Ecological
Indicators, 61, 100-113. https://doi.org/10.1016/]. ECOLIND.2015.03.029

Gardner, T. A, Ferreira, J., Batlow, J., Lees, A. C., Patry, L., Vieira, 1. C. G., ... Zuanon, J. (2013). A social
and ecological assessment of tropical land uses at multiple scales: the Sustainable Amazon Network.
Philosophical Transactions of the Royal Society B: Biological Sciences, 368(1619), 20120166—20120166.
https://doi.org/10.1098/1stb.2012.0166

Geneletti, D., La Notte, A., D’Amato, D., Liquete, C., Paracchini, M. L., Mikinen, H., ... Crossman, N.
D. (2016). Ecosystem services classification: A systems ecology perspective of the cascade
tramework. Ecological Indicators, 74(June 2018), 392—402.
https://doi.org/10.1016/j.ecolind.2016.11.030

GEO BON. (2015). Retrieved August 28, 2018, from https://geobon.org/about/vision-goals/

Gonzalez-Jiménez, D., Berghofer, U., Berghofer, A., Heubach, K., Kosmus, M., & Von Bertrab-Tamm, A.
(2018). Beyond Measurements: Multiple Values of Nature and their Diverse Conceptualization An
introduction for practitioners, based on the IPBES Preliminary Guide on Multiple ValuES, (April).
Retrieved from https://t.co/zboDS6Fi7Yramp=1

Gruninger, M., & Fox, M. S. (1995). Methodology for the Design and Evaluation of Ontologies. Retrieved
from http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.44.8723

Guarino, N. (1997). Semantic matching: Formal ontological distinctions for information organization,
extraction, and integration. Information Extraction A Multidisciplinary Approach to an Emerging Information
Technology. SCIE 1997. Lecture Notes in Computer Science (Lecture Notes in Artificial Intelligence), 1299, 139—
170. https://doi.otg/10.1007 /3-540-63438-X_8

Haines-Young, R., & Potschin-Young, M. (2018). Revision of the Common International Classification
for Ecosystem Services (CICES V5.1): A Policy Brief. One Ecosysten, 3, €27108.
https://doi.org/10.3897 /oneeco.3.e27108

Haines-Young, R., & Potschin, M. (2010). The links between biodiversity, ecosystem services and human
well-being. In D. G. Raffaelli & C. L. J. Frid (Eds.), Ecosystem Ecology (pp. 110—139). Cambridge:
Cambridge University Press. https://doi.org/10.1017/CB0O9780511750458.007

Hein, L., van Koppen, K., de Groot, R. S., & van lerland, E. C. (2006). Spatial scales, stakeholders and the
valuation of ecosystem services. Ecological Economics, 57(2), 209-228.
https://doi.org/10.1016/J. ECOLECON.2005.04.005

Hitz, M., Kessel, T., & Pfisterer, D. (2017). Towards sharable application ontologies for the automatic
generation of Uls for dialog based linked data applications. In MODELSW.ARD 2017- Proceedings of
the 5th International Conference on Model-Driven Engineering and Software Development (Vol. 2017—]January,
pp. 65-77). Porto: SciTePress. Retrieved from https://www.scopus.com/record/display.urireid=2-
52.0-85046697809&origin=resultslist&sort=plf-
f&src=5&sid=758ae016c50454111303e6a9b6d65c36&sot=a&sdt=a&sl=122&s=KEY%?28%28Dev
elop*+or+build+or+design+or+method*%29+and+ontology+and+%28%28ecosystem+or+biodi
vers

Hlomani, H., & Stacey, D. (2014). Approaches, methods, metrics, measures, and subjectivity in ontology
evaluation: A survey. Semantic Web Journal, 1(5), 1-11. Retrieved from http://www.semantic-web-
journal.net/system/files/swj657.pdf

1IEEE. (2000). IEEE Standard for Developing a Software Project Life Cycle Process - Std 1074. Retrieved from
http:/ /ieeexplore.iece.org/xpl/ freeabs_all.jsprarnumber=1665059

41



Jacobs, S., Dendoncker, N., Martin-Lépez, B., Liquete, C., Pipart, N., Briceno, T., ... Sevecke, K. J.
(2016). A new valuation school: Integrating diverse values of nature in resource and land use
decisions. Ecosystem Services, 22(November), 213-220. https://doi.org/10.1016/j.ecoser.2016.11.007

Kutz, O., Codescu, M., Couto Vale, D., & Mossakowski, T. (2014). OSMonto-An Ontology of
OpenStreetMap Tags Ontology-based Route Planning for OpenStreetMap, (September). Retrieved
from https://www.researchgate.net/publication/265203560

Kuzemin, A., Fastova, D., & Yanchevsky, 1. (2014). Methods Of Adaptive Extraction And Analysis Of
Knowledge For Knowledge-Base Construction And Fast Decision Making. International Jonrnal
Information Theories & Applications, 12(January), 93-99. Retrieved from
https:/ /www.researchgate.net/publication/249876163_METHODS_OF_ADAPTIVE_EXTRACT
ION_AND_ANALYSIS_OF_KNOWLEDGE_FOR_KNOWLEDGE-
BASE_CONSTRUCTION_AND_FAST_DECISION_MAKING

La Notte, A., D’Amato, D., Mikinen, H., Paracchini, M. L., Liquete, C., Egoh, B., ... Crossman, N. D.
(2017). Ecosystem services classification: A systems ecology perspective of the cascade framework.
Ecological Indicators, 74, 392—402. https:/ /doi.org/10.1016/]. ECOLIND.2016.11.030

Lamprecht, D., Strohmaier, M., Helic, D., Nyulas, C., Tudorache, T., Noy, N. F., & Musen, M. A. (2015).
Using ontologies to model human navigation behavior in information networks: A study based on
Wikipedia. Semantic Web, 6(4), 403—422. https://doi.org/10.3233/SW-140143

Lonsdale, D., Embley, D. W., Ding, Y., Xu, L., & Hepp, M. (2010). Reusing ontologies and language
components for ontology generation. Data & Knowledge Engineering, 69(4), 318-330.
https://doi.org/10.1016/].DATAK.2009.08.003

Lépez, M. F., Pérez, A. G., & Amaya, M. D. R. (2000). Ontology’s Crossed Life Cycles. In International
Conference on Knowledge Engineering and Knowledge Management. EKAW 2000: Knowledge Engineering and
Knowledge Management Methods, Models, and Tools (pp. 65-79). Springer, Berlin, Heidelberg.
https://doi.org/10.1007 /3-540-39967-4_6

Lord, P. (2010, January 22). Components of an Ontology. Retrieved February 14, 2019, from
http://ontogenesis.knowledgeblog.org/514

M. El Ghosh, H. Naja, H. Abdulrab, and M. K. (2016). Towards a Middle-out Approach for Building
Legal Domain Reference Ontology. International Journal of Knowledge Engineering, 2INo.3), 109—114.
https://doi.org/10.18178/ijke.2016.2.3.063

MA. (2005). Ecosystems and Human Well-being: Wetlands and Water - Synthesis. Washington, DC: World
Resources Institute. Retrieved from
https://www.millenniumassessment.org/documents/document.358.aspx.pdf

Madin, J. S., Bowers, S., Schildhauer, M. P., & Jones, M. B. (2008). Advancing ecological research with
ontologies. Trends in Ecology & Evolution, 23(3), 159-168.
https://doi.org/10.1016/].TREE.2007.11.007

MAES. (2013). Mapping and Assessment of Ecosystems and their Services: An analytical framework for ecosystem
assessments under Action 5 of the EU Biodjversity Strategy to 2020. https:/ /doi.org/10.2779/12398

Maes, J., Egoh, B., Willemen, L., Liquete, C., Vihervaara, P., Schigner, J. P., ... Bidoglio, G. (2012).
Mapping ecosystem services for policy support and decision making in the European Union.
Ecosystem Services, 1(1), 31-39. https://doi.org/10.1016/] ECOSER.2012.06.004

Maes, J., Zulian, G., & Barbosa, A. L. (2015). Mapping and Assessment of Ecosystems and their Services: Trends in
ecosystems and ecosystem services in the European Union between 2000 and 2010. Ispra, Italy.
https://doi.org/10.2788 /341839

Mankovskii, S., Gogolla, M., Urban, S. D., Dietrich, S. W., Urban, S. D., Dietrich, S. W., ... Bechhofer, S.
(20092). Ontologies and Life Science Data Management. In Engyclopedia of Database Systems (pp. 1960—
1963). Boston, MA: Springer US. https://doi.org/10.1007/978-0-387-39940-9_631

Mankovskii, S., Gogolla, M., Urban, S. D., Dietrich, S. W., Urban, S. D., Dietrich, S. W., ... Bechhofer, S.
(2009b). Ontology. In Encyclopedia of Database Systems (pp. 1963—1965). Boston, MA: Springer US.
https://doi.org/10.1007/978-0-387-39940-9_1318

Martin-Clouaire, R. (2018). Ontological Foundation of Ecosystem Services and the Human Dimension of
Agroecosystems. Agricultural Sciences, 9, 525-545. https:/ /doi.org/10.4236/2s.2018.95036

Martinez-Harms, M. J., & Balvanera, 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

42



ONTOLOGY DEVELOPMENT FOR ECOSYSTEM SERVICES

McCarthy, D., & Motling, P. (2014). A Guidance Manual for Assessing Ecosystem Services at Natura 2000 Sites 2
A Guidance Mannal for Assessing Ecosystem Services at Natura 2000 Sites (Produced as part of the Natura
People project, part-financed by the European Regional Development Fund (ERDF) through the
INTERREG IV A 2 Mers Seas Zeeén Crossborder Programme 2007-2013. ). Sandy, Bedfordshire.
Retrieved from http://www.naturapeople.cu/.

McVittie, A., & Hussain, S. (2013). The Economics of Ecosystems and Biodiversity - Valuation Database
Manual - TEEB. Retrieved March 13, 2019, from http://www.teebweb.org/publication/ tthe-
economics-of-ecosystems-and-biodiversity-valuation-database-manual /

Millennium Ecosystem Assessment Board. (2005). Ecosystems and Their Services. In Ecogystens and
Human Well-being: A Framework for Assessment (pp. 49—70). Island Press. Retrieved from
https:/ /www.millenniumassessment.org/documents/document.300.aspx.pdf

Milner-Gulland, E. J. (2012). Interactions between human behaviour and ecological systems. Philosophical
Transactions of the Royal Society of London. Series B, Biological Sciences, 367(15806), 270-8.
https://doi.org/10.1098/1stb.2011.0175

Monga, P., Radhika, & Sharma, D. (2017). Structural and Functional Unit of Environment: Ecosystem. In
D. M. Prashar, D. A. Dhillon, D. P. Prashar, & P. N. Juneja (Eds.), International Conference on Recent
Innovations in Engineering, Science, Humanities and Management (ICRIESHM (p. 6). Panjab (India):
ICRIESHM. Retrieved from http://data.conferenceworld.in/DSCW /P568-573.pdf

Nelson, G. C. (2005). Drivers of Ecosystem Change: Summary Chapter. In R. Hassan, R. Scholes, & N.
Ash (Eds.), Ecosystems and Human Well-being: Current State and Trends (Volume 1, p. 4). Washington:
Island Press. Retrieved from
https://www.millenniumassessment.org/documents/document.272.aspx.pdf

Noy, N. F., & McGuinness, D. L. (2001). What is an ontology and why we need it. Retrieved February 24,
2019, from https://protege.stanford.edu/publications/ontology_development/ontology101-noy-
mcguinness.html

Ojo, A., & Janowski, T. (2005). Ontology, Semantic Web and Electronic Government. Macao. Retrieved from
http://unpanl.un.org/intradoc/groups/public/documents/un-dpadm/unpan041300.pdf

Ontologies - W3C. (2008). Retrieved February 13, 2019, from
https://www.w3.org/standards/semanticweb/ontology

Palomo, 1., Willemen, L., Drakou, E., Burkhard, B., Crossman, N., Bellamy, C,, ... Verweij, P. (2018).
Practical solutions for bottlenecks in ecosystem services mapping. One Ecosysten, 3, €20713.
https://doi.org/10.3897 /oneeco.3.e20713

Patel, P., Pathak, A., Teixeira, T., & Issarny, V. (2011). Towards application development for the internet
of things To cite this version : Towards Application Development for the Internet of Things.
LACM/IFIP/ USENIX 12t International Middleware Conference.
https://doi.org/10.1145/2093190.2093195

Peterson, D. L. (David L., & Parker, V. T. (1998). Ecological scale : theory and applications. New York, USA:
Columbia University Press. Retrieved from
https:/ /www.researchgate.net/publication/216850110_Ecological_Scale_Theory_and_Applications

Pimm, S. L., Jenkins, C. N., Abell, R., Brooks, T. M., Gittleman, J. L., Joppa, L. N., ... Sexton, J. O.
(2014). The biodiversity of species and their rates of extinction, distribution, and protection. Seience,
344(6187), 1246752-1246752. https:/ /doi.org/10.1126/science.1246752

Polasky, S., Tallis, H., & Reyers, B. (2015). Setting the bar: Standards for ecosystem services. Proceedings of
the National Academy of Sciences of the United States of America, 112(24), 7356—061.
https://doi.org/10.1073/pnas.1406490112

Potschin, M., Haines-Young, R., Heink, U., & Jax, K. (Eds.). (2014). OpenINESS Glossary (172.0) (2.0).
Grant Agreement No 308428.

Powell, ]. (2015). A librarian’s guide to graphs, data and the semantic web. Elsevier.

Rajpathak, D., & Chougule, R. (2011). A generic ontology development framework for data integration
and decision support in a distributed environment. International Journal of Computer Integrated
Manufacturing, 24(2), 154-170. https://doi.org/10.1080/0951192X.2010.531291

RDF working group. (2014). RDF - Semantic Web Standards. Retrieved February 15, 2019, from
https://www.w3.otg/RDF/

Rieb, J. T., Chaplin-Kramer, R., Daily, G. C., Armsworth, P. R., Béhning-Gaese, K., Bonn, A, ... Bennett,
E. M. (2017). When, Where, and How Nature Matters for Ecosystem Services: Challenges for the
Next Generation of Ecosystem Service Models. BiwScience, 67(9), 820-833.
https://doi.org/10.1093 /biosci/bix075

43



Roy Haines-Young, by, & Potschin, M. (2018). Common International Classification of Ecosystem Services
(CICES) V5.1 Guidance on the Application of the Revised Structure. Nottingham, UK. Retrieved from
www.cices.eu

Scheuermann, R. H., Ceusters, W., & Smith, B. (2009). Toward an ontological treatment of disease and
diagnosis. Summit on Translational Bioinformatics, 2009(i), 116—-120. Retrieved from
http:/ /www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC3041577

Schmidt, S., & Seppelt, R. (2018). Information content of global ecosystem service databases and their
suitability for decision advice. Ecosystem Services, 32, 22—40.
https://doi.org/10.1016/J.ECOSER.2018.05.007

Secretariat of the CBD, & UNEP-WCMC. (2012). Best Policy Guidance for the Integration of Biodiversity and
Ecosystem Services in Standards (Technical Series No 73). Montreal. Retrieved from
https:/ /www.cbd.int/doc/publications/cbd-ts-73-en.pdf

Semantic Web - W3C. (2008). Retrieved February 13, 2019, from
https://www.w3.o0rg/standards/semanticweb/

Supekar, K. (2005). A peer-review approach for ontology evaluation. 8# Int. Protege Conf, 2002—2004.
Retrieved from
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.90.7252&rep=rep1&type=pdf

Sytbe, R.-U., & Walz, U. (2012). Spatial indicators for the assessment of ecosystem services: Providing,
benefiting and connecting areas and landscape metrics. Ecological Indicators, 21, 80—88.
https://doi.org/10.1016/j.ecolind.2012.02.013

TEEB. (2010). The Economics of Ecosystems and Biodiversity: Mainstreaming the Economics of Nature: A Synthesis of
the Approach, Conclusions and Recommendations of TEEB. Retrieved from http://www.teebweb.org/out-
publications/ teeb-study-reports/synthesis-report/

The Biodiversity Information System for Europe (BISE). (2018). Mapping and Assessment of Ecosystems
and their Services (MAES). Retrieved August 16, 2018, from https://biodiversity.europa.cu/maes

The FOAF Project. (2015). Retrieved August 7, 2018, from http://www.foaf-project.org/

The Natural Capital Project. (2017). Why we need tools to map and value ecosystem services. Retrieved
February 21, 2019, from http://releases.naturalcapitalproject.org/invest-
userguide/latest/the_need_for.html#introduction-to-invest

The W3C SPARQL Working Group. (2013). SPARQL 1.1 Overview. Retrieved February 24, 2019, from
https://www.w3.0rg/TR/sparqgll1-overview/

UK National Ecosystem Assessment. (2009). UK National Ecosystem Assessment. Cambridge.
https://doi.org/10.1007/s10640-010-9418-x

Uschold, M., & Gruninger, M. (1996). Ontologies: principles, methods and applications. The Knowledge
Engineering Review, 11(02), 93. https://doi.org/10.1017/50269888900007797

Villa, F., Bagstad, K. J., Voigt, B., Johnson, G. W, Portela, R., Honzak, M., & Batker, D. (2014). A
Methodology for Adaptable and Robust Ecosystem Services Assessment. PLoS ONE, 9(3), ¢91001.
https://doi.org/10.1371/journal.pone.0091001

Villa, F., Balbi, S., Athanasiadis, I. N., & Caracciolo, C. (2017). Semantics for interoperability of distributed
data and models: Foundations for better-connected information. F7000Research, 6, 686.
https://doi.org/10.12688/f1000tresearch.11638.1

Wallace, K. J. (2007). Classification of ecosystem services: Problems and solutions. Biological Conservation,
139(3—4), 235-246. https://doi.org/10.1016/].BIOCON.2007.07.015

Werf, B. Van Der, Adamescu, M., Ayromlou, M., Bertrand, N., Boussard, H., Cazacu, C,, ... Tuominen, L.
(2009). A Long-Term Biodiversity , Ecosystem and Awareness Research Network SERONTO ontology
Deliverable type : Report www . alter-net.info.

W, J., & Li, H. (2006). Concepts of scale and scaling. In Scaling and Uncertainty Analysis in Ecology: Methods
and Applications (pp. 3—15). Springer Netherlands. https://doi.org/10.1007/1-4020-4663-4_1

Wuebbles, D. J., Fahey, D. W., Hibbard, K. A., DeAngelo, B., Doherty, S., Hayhoe, K., ... Yohe, C. P.
(2017). Executive summary. Climate Science Special Report: Fourth National Climate Assessment, Volume 1. (D.
J. Wuebbles, D. W. Fahey, K. A. Hibbard, D. J. Dokken, B. C. Stewart, & T. K. Mavcock, Eds.).
Washington, DC. https://doi.org/10.7930/J0DJ5CTG

Yew, K. H., Hassan, M. F., Zainal Abidin, A. I. B., Arshad, N. L. B., & Shariff, A. M. (2015). A Generic
Ontology Methodology and Factors to Address Design Consistency. In 2075 5th International
Conference on I'T Convergence and Security (ICITCS) (pp. 1-5). IEEE.
https://doi.org/10.1109/ICITCS.2015.7292919

44



ONTOLOGY DEVELOPMENT FOR ECOSYSTEM SERVICES

Zhang, Y., Holzapfel, C., & Yuan, X. (2013). Measuring and Monitoring Ecosystem Services at Multiple
Levels. In S. Wratten, H. Sandhu, R. Cullen, & R. Costanza (Eds.), Ecosystem Services in Agricultural and
Urban Landscapes (pp. 107-120). Wiley-blackwell. Retrieved from
http://lenom.igsnrt.cas.cn/rczp/rezp/201301/P020130326380955682429.pdf

45



9y

asodind £3roud juerd
PUE [e1I21BW ‘UONIANU JOJ arnimoenbe mrs -ur 4q paieAnnd sjue[J | onenbe pajeanm) :s20m | ¢
Ka1rEA 3O
UTEFIS MOU PI2F( S0P | §
‘sasodind £3roun pue [erew ‘UoRmINU
3053 stewrue Jo syue[d Jo uondaf0o oy T, *((SO0Z) VIN 2@ 23esn uowwo))
$9ss2001d o1uESI0 YSnoyy A350U9 Jo UONEXY Y3 Aq PAALOP Jun [eneds
(10T “Te 30 UryEsIo ) 70 ‘wANs£s029 ‘vonemdod e uT SWSIUESTO SUTAI] UT SaNSST JO SSBW O[T, SSBUWON S0 | [,
S[EWIUY S | 9
$oINIoNAS 9ANEINEND JO SPULR WOS JO SUONIUNJ ‘BIep
06000 OIS/223n0s93 /310"90u2msonuewds / /:dny | omownu remnqes Suowe digsuone(dr oyp sAe[dsTp ey 2131 © ST I7eYD Y wey) | g
"WISAS [EIUSWUOIAUD
(L102 “Te 30 ¥SuoR) a1 U1 1u9saxd SwSTUESIO SUTAT [[B opn]oUr siusuodwod onoiq Ay T, onorq | ¢
82+00000” OANH /0qo /330" Aresqoqoind / /:dny ‘suoneldepe poA[OAd dALY
- OANHA SONIUNWIWIOD [eJI30]022 JUDPISAT YITYM 0} WAISAS0Dd Uk ST WOIq 7 sworq | ¢
*SUII9) [BID0S JO £3LI0UOW UT JOIID Pan[ea oq
UBD 18U SSUIYD 9T SIJOUd(] "PIALIIP 29I/ AU UDIYM WOIJ SWAISAS o)
01 P2122UU0d A[[EUONJUNy JOZUO] OU 3¢ Ty} $20UdFdXd JO P03 OIuT
(10T “Te 32 UIYOSIO) | PIUIM UDI( SABY Je) WISAS00 WOy SINdINO0 109I[PUT PUE 109I1P 9T, mouaq | g
“UONBIPEI JL[OS PUE SIUIIND PUIA QJNISIOW SB SIUSIPIIIUT
pue s1010%3 [eorsAyd yons sopn[our os[e 1T *(YIE3P FO SINIATIOE ITUESIO
Jjo s1onpoid-Aq) spunoduwod oruedso jo famrea v pue soreydsoyd
‘s9)eU0qFEd WNIOMED ‘UISAXO0 JojeM [ros st yons ‘spunodwod
(L10g “ewreyg 29 ‘erypey “©SUORY) | PUE SIUSWI[D JIUELSIOUT d[Skq SIPNOUT WAsLs09 Jo Jusuodwod dnoIqy snoIqy | |
aoInog uonIULI( s1daouoo) oN

uoniuisp su pue Abojoulwiay/sidaosuod ay |

O1NOSH 40 NOILVININNOO0A FHL V XIANIddV



Ly

£330u0 pue [eFAIEW ‘VONIANY JOJ [BWIUE PIFLdF S[EWIUE Pareay S0P | [T
(rorem Surpnpur)
sindino onorqe se [Pm se swalsks Surar woy sindino onagrous ERACER
(8107 ‘UrysI0 29 Suno X -saure] Loy) PUE [eLI21EW [PUONTANU-UOU ‘[BUONIANU [[€ STIA0D UONIIG SIY T, BUTUOTSIAOI] 201 | O
1suny
30 2¥3[E ‘SIUB[J SOV | ¢
WSTUESI() 1S90 | QI
"pooj jo uononpoid o 10 [errorew asodind
(8107 ‘UmysIo 29 Suno X -sauref] Loy) MEJ ST PISN PUE PAISIATLY 2 UED JBY) UORNJIHITOD [EII30[0I2 O[T, [EUONINNN] S0 | L]
asodind [errorey :s9010 | 9T
uonemndod
© SUIYSI[qeIsd
70 SUTUTEIUTEI S0 | G
‘vonendod e SurureuTew JO SUTYSTqeISd
JOJ S[EIFOIEWU JO UONII[OD 3 WOIJ IDUNSIP ST ST JO UONIIS
sourUUTEW pue Sunensa o Jopun st yrym ‘ suonendod Arosinu
JO DUBUUIEW, 92TAIIS I 1LY} PAIOU 9 OS[e P[NOYS 1] * S[erFl e,
I SUTEIP SISSE[D IOI0 Y} WOIJ PIPN[IXD 23023} ST uondnpordax
703 ‘s270ds FO SPIIs St YONS ‘S[ELINILW JO VONII[OD I ], ‘WONIELIIXI
oua3 pue ‘sasodind Surpasiq J0J [9AS] WISTUESIO J[OYM ) JE S[EWTUL
pue syue[d jo asn oy ‘spewrue Jo syue[d jo vonemndod Jo spuels mou
(8107 ‘urgosio g 29 Suno x -sourer] L0Yy) JO 2DULUIUTEW JO JUIWYSI[LISI I3 JOJ S[EIFIIEW JO UONIIOD Y[, |  [LLIOILW ONIUIL) S0 |
£339U2 JO 92NO0S sk pasn asodind £8rouyy 5001 | €]
SONNUD [E2130[0Iq
MU JO TOTONITISUOD
pue uSIsa(J :$201 | T
-o1doad jo saress eruow
pue [eorsAyd 10933e 1e (OnoIqe puk dROoIq) SWIsLs0d9 Jo sindino
(8107 ‘urnysIo 29 Suno x -sauref] L0y) ‘oandumsuod-uou pue [BAIF-UOU A[[EWIOU PUE ‘[EII01eW-UoU oU3 [\ 9JTAIIS [EIMI[NY) :$901D | [T
jueld [ernsaIIn
£3you0 pue [errorew ‘UONIANU 303 Jue[d [LrFISIIIN) PAILANND pareAn(ny) :$301 | O
a0Inog uonIuIQ s1daouoo) OoN

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO



1414

*SUII9) ATEIOUOW UT PIN[eA 2¢ JOUTED JO ‘ON[eA OU JABY SIJIAIIS )
JEU} ULIW JOU S0P SIY T, "PAULop A[Fes[d 9q jou Aew Aed 03 ssouurim
s,91doad os s1o¥FEW UT PopEIl 10U 278 TONEB[NSIT 95ULYD IBWID
BUTOMITA J[PIM ] STIISASOID JO SIITAIIS JWOS FIAIMOF] "SIDAFIS
o1 9doUBYUD JO 9A39s9xd 01 Aed 01 Surm o3¢ ojdoad Junowe o
Sunewnss Aq an[eA oU) 2INSLIW SISTWOUOI “SUTA] [[oA UBWNY O} IJE

WA (-] /070 GONEN[EATWISAS000 MM / /75411] $901AF9S WISAS0F] 1UEIFOdW MO JO SIOINSBIW OFE SIN[BA WIISASOIF] | IN[BA IITAIIS WAISASOdT | ¢
“WAY} WOJJ AP Apuanbasqns
sidoad e s3gouaq pue SPOOS oY) WO IDUNSIP PUE ‘FULq-[[om
(8107 ‘urysiod 29 Sunox-soure] £0Y) | UBWNY O3 9YBW SWIISASODD JBYI SUONNIITOD I ST IDJATOS WIISASOIT] 90IATOS WASASOOT] | €€
*S9DIATIS WAISAS009 apraoid
01 wo1s£s022 ue Jo Aroeded o urdropun Jey $9ss9003d WAISAS0D9
102 “Te 32 uyas10]) pue ‘sornionns [ears£ydorq usamIaq SUONILINUT Y} JO 19sqns ST, uonouny Wasksodr] | g¢
wWSASOIH /I /330 erpadiyim ua / /:sdny
01110010 OANZG/0q0 /330 ATerqroqo pnd / /:-dnyg ‘syuouodwod
 OANA SUTAI[-UOU PUE SUIAI] Y1Oq SIPNIUT UDIYM WISAS [LIUSWUOIIATD UY wWaIsAs00t] | 1€
"0IND UT aSNPUE|
o3 uo paseq voqred Jo 2o1d apdwrexy "Aoua3Ind U0 Paseq anfeA anfeA drwovod ] | O¢
(9007 “Te 32 UL *£30[093 o AydrEIory J0 $59001d WNSL$0I9 JO oEds [eneds ay T, 3[0s [E2130[00¢] | 6T
“STOATIP 1093IP 230W 3O oU0 3urralfe £q ‘A[osnyyp
o30wr $27232d0 FSAIIP 129IIPUT UY *$988900xd W21s£5039 $a0UIN[JUT
Areooamboun J9ATIP 1003IP Y WISAS029 U UL 93ULYD € SISNED
(S00g ‘UOSPPN) | Apoosrpur ¥0 APO9ITP 1Y) JOIOE] PIINPUTULWNY JO [eXmIet AUE ST JOATI(] 93ueyDd JO IOATI(] | 8T
“UONDIIIP
(600C “Te 32 FoUSL]) | MO[J 913 03 anp UONEIO[ d1ds € $1JoUaq UOISIA0Fd 901ATIS 9} IFOYA reuonoaI( | Lz
(S00Z ‘UOSPPN) :92JM0G *$9559203d WIISAS09 SIOUINFUT A[[EI0AMbIUN FOALIP 10951 Y/ JOATIP 12971(T | 9T
£330u2 30 spenarew ‘vonmnu Jo5 (donenbe pue [ernsorral) Jueld pria jued Py S99 | 67
£872U9 30 S[erarewW ‘vonmNu Joj (dnenbe pue [BLISIIA)) [EWIUE PIIM [EWIUE PIA\ SO | g
‘syuareanbo onorqe P Fo19501
930JW00 JO A19§es “YA[LaY ULWNY $109JJ¢ JBY) JUSWUOIAUD JUII]WE ODTATOS DOUBUIIUTEW
(8107 ‘urysio 2 Suno x -souref] £oy) S} 91EIOPOW JO JJLIPIW UED SWS[ULSIO SUTAI] UDTUYM UT SABA OU3 [V put UoNeM3Y S0P | €7
[ewiIue
£33ou0 pue [erFoIEW ‘VONIANU JOJ [ewIUE dnenbe pareds onenbe paresy] 900 | 7T
J01no0g uonmuga( sidoouoo) ON


http://purl.obolibrary.org/obo/ENVO_01001110
https://www.ecosystemvaluation.org/1-02.htm

6v

somroysy axmde)) rew | {6
"S9SEISIP pUE
(S00Z ‘preog IUDWSSISSY WIISASOIT WNTUUIIA) s152d 0018241 pue dordo Jo soudfeaaxd oy 10935 soSuLyd WSSO0 [0TUTOD [E2130[01g bW | €G
"SWIISASODD WOF] PIATIOP speonnadewreyd
oJe S[eIFOIEW [EDI30[0Iq PUE ‘SIJBUIS[E S ONS SOANIPPE POOJ ‘SIPIOOIq ‘SouUIpoW ‘TeINIBU
(00T “pFeog IUdWSSISSy WISASOIT WNTUUD[[IA) | ‘SOUIpaw AU “s[eonnadewreyd pue ‘SOUDIPIW [EINJBU ‘S[EITUIYD0Tg ‘S[EDTWIOYDON( BW | 7§
armnoenby tewr | [g
“farrenb Jre jo syoodse Auew Sunuonpgur ‘oraydsoune oy uone[nsar
(00T “preog IUAWISSISSY WISASOIH WNTUUS[IA) WOJJ S[EITWAYD IDBHXD PUE 01 S[ED[WID NAIHTOD IO SWAISASOIT Lypenb ary tewr | g
*SUONEI0[ SUTISNOY JO TONII[IS I
PUE _ ‘soATIp o1ua2s,, ‘syred 03 3130ddns oy uT pa1dayyor St ‘Swals£s009
(00T “preog IUAWISSISSY WISASOIH WNTUUS[IA) Jo s309dse snoprea ur anfea onayasae 3o Aneaq puy oadoad Luey oNJEA JNOYISAY W | G
$OpE2IPp 901AJOS WFI-3UO] | 8
(900 “T¢ 32 UPH) ¢ 000°000°T ~000°01 vorsuawip sey adedspuey | Ly
[euoneuIIul | 9p
(90027 “Te 32 UTPH) “W9)SAS JTWOU029-0100S JO AYDIFLIINE] oeds [euonMINSUT | G
"UONEDO[ JWES
(6002 “Te 32 3oysL,]) O3 UT PaZI[edF 9F€ SIYIUI] Y} Put PIPIA0xd 93 SIDTATIS O3 dIIY A\ mrs-u] | pp
viep induy | ¢p
(900Z “Te 32 UPH) W | UBL) SSI UOISUIWIP Sey wsIUeSIO [ENPIAIPUT | 7h
uoszod e [eNpIAIPUT | T
*STOATIP 19T
(5007 ‘TOS[PND 930w JO U0 Surralfe Aq ‘A[psnyIIp azouwr $91e39d0 IOATIP 109IPUT UY JOATIP 1093IPUT | (O
‘wasAs € Jo £930doxd 3o onsmordereyd ‘9Ingrie
(S00Z ‘preog IU2WSSISSY WISASOIT] WNTUUI[IA) semnonred € 1uosordor 01 Pasn vIEp PIINSEIW UO PIstq UONLWIOFUT J0JEIIPUT | €
108y Wil /52ds /3807 /wod suwx / /:dny
- IVOd *(a0egnae TearsAyd Jo a3eMIgos ‘dnois ‘vosiod 82) Juale uy uewny | 8¢
(900 “T¢ 3 UPH) CW 000°000° Uey3 210W TOISUIWIp Sty P[EdS [PqO[O | LE
Aqrure,] /43010300 /310 e1padqp / /:dny 93eoUT] & QU0sOp uowwod Aq pare[x 9[doad jo dnois v Aruwre,] | 9¢
‘syuowoo [edrsAydorq
3o uonnqnsip pue uonsodwod Y3 JO A3I9UD JO [ELIIBW JO SWN[OA
(10T “Te 32 uryRSIO) 3O 3[D03S © SE PIINSEIW ST ILY) WIISASOID UE JO JNSIFANIEILYD dNEIS ormoNRs WoIsSAs0d | 6¢
aoInog uonmuRq s1daouoo) ON

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO



09

JD0ISOAIT BW | L

“3uISnIoADE PUE ‘OINIDNIYDIE ‘S[OQUIAS [EUONEU

(S00Z “preog 1UWISSISSY WISASOIF WNTUTIIIA) 910[3{[0F 7€ J0J uonNEIIdSUT JO 22IN0S YOI B Ipraoid swasfsoor] vonendsu] rewr | (L

uopensar

2BWIP [qO[3 W | (9
*A3ojouyoalorq pue surpaaiq jued

(S00Z ‘preog 1UDWSSISSY WISASOI WNTUUIIA) PUE [eWIUE O] PISN UONLWIOJUT DRIUIS PUE SOUIS oY) SOPNOUT SIYT, |  SIIINOSIF JNIUIL) ‘W | §9

(00T ‘preog 1uowssassy WISASOd WNIUUS[I) | ASI0Ud JO SI2INOS SB 9AFIS S[EIIIEW [EIIO[OI] IAIO PUE ‘Funp ‘poo [Png ew | 29
"S9D1AFOS SUNE[NG2I puk SUrUoIsIA0Id U22M10( OSED

(00T “preog IUAWISSISSY WNSASOIH WNTUUS[[IA) | STYI U—SITF051Ed U22M12q S8 ul] JO 9[dUWLxd JOYIOUE ST JOTem [SdF,] IO1BM USR] 'BW | 99
*SOOIOTW PUE ‘STETTTE

(S00Z ‘preog 1UDWSSISSY WIISASOIF WNTUUIIA) ‘syue[d woiy paAdp s1onpord poog Jo 93ueT ISEA I} SOPN[OUT SIY T, poo,] 'ew | 69
"STWIISAS0DD WOIJ PIATISP

(00T ‘preog 1UDWSSISSY WISASOIF WNTUUIIA) s1onpoid soypo Auew pue yis ‘dwoy ‘oInl ‘poom st Yons S[eLraIeA JqL] ewW | 9
"SOPI[SPUE[ JO UONUIAId

(S00Z ‘preog IU2WSSISSY WISASOIF] WNTUUI[IA) 91 PUE UONUIAI [10S UT 907 Juedsodwr ue sie[d 10A00 9AReIA89A | UONEMNSIT UOISOIE] (BW | €9
*SIMII00S AUBW UT UONEINPI [EWIOJUL PUE [EWIOJ 1Oq

(SO0T ‘preog IUdWISSISSY WNSASOIH WNTUUS[[IA) | FOJ siseq 213 opraoid sassad03d pue syuouodwiod J1oy) pue SwaIsAsod oN[eA [BUONEINPY BW | 79
‘sooymbsow st Yons ‘s103094
9SEISIP JO 2dUBPUNE I JAI[E ULD PUE “LIS[OYD Sk yons ‘suadorped

(S00Z ‘preog 1U2WSSISSY WISASOIF] WNTUUI[IA) uBWwNY JO 2dULPUNQE 913 dFUBYD ARIIIP ULD SWIISAS009 UT SOSUBYD) |  UONE[NGTOF 9SEISI(T ‘W | [9
*$90U9IOdXd dNOYISOE PUE ‘UONEIIII ‘VONII[JIF
Quotrdo[ASp 2ANMUS0D GUIWYIIUD [enids YSnoIy) SwalsAs009

(5007 “Te 30 ouensiden) wo3j urerqo 9[doad $17oU0q [EMF2IBWUOU 9} 9JE SIITAJIS [eFmin,) 90TAFIS [EIMIN) (BW | ()9
'so1dods 1uednTUSTS

Areanad J0 ( sodeospuef [eananod, ) sodedsspue] Juelzodwr A[[ed1r0IsIy anfea

(S00Z “preog 1UoWISSISSY WAISASOIF WNTUTIIIA) JOURIS JO DULUIUTEW Y3 O anfea Y31y 90e[d sanaros Auejy 9%eIIoY [eIIN)) ‘W | 66
“soIn3md

(S00Z “preog 1UWISSISSY WAISASOIF WNTUTIIIA) 3O AIISIDAIP oY1 SUDUIN[JUT JOIDEJ SUO ST SWAISAS099 JO AIISTOAIP 9Y T, KITSTOATP TEIMIN)) B | G

sdom ew | /G

s ‘dwoy ‘uono)) ew | 9g

(S00Z ‘preog 1UdWSSISSY WIISASOIH WNTUUIIA) Areqo[8 pue AJ[ed0] Y10q 21BWID 9JUIN[FUT SWISASOd |  UONENSoT NewI) bW | GG

a0Ino0g uonmuRq s1daouoo) ON



1§

.wawum%wOUO SULIeW puUt [€1SEOd PpUt Sjajem
pueur 61Ul padnponuUI S9ISEM UHCNWHO DwOQEOUM.@ pue 1no 13313 031 Qﬂvﬂ

luounean) Asem pue

(00T “preog IUWISSISSY WISASOIH WNTUUS[IA) UEd OS] INq Jorem Usa3J UT sonmndwil JO 90IN0S © 9q UEd Swisisody | uoneogund Jojep few | ¢
JqUIT, bW | 78
"UONEWIOJ [I0S PUE ‘VISAXO
jo wononpoid ‘vononpoid rewrrd se yons ‘s001AFS WISASOID FIYIO [[e
(c00z “Te 12 ouensiden)) jo vononpoid o) 303 A1ess909U 93¢ JBY) 9SO T $931AIds Supsoddng | oo1azes Supioddng ew | 18
‘siuauodwod Fay) an[eA snoIsIas
(00T ‘preog IUWISSISSY WISASOIH WNTUUS[IA) 30 SwISAS009 0] san[eA SNOISIF pue [emFIds YdeIIE SUOISIAF AUBIA pue renapdg ewr | (8
*$O1ATO0S
[eFNI[NOTISE O SUTPIS JIPLWOU WOIJ SUONEL[RF [B1D0S ) UT $3109dsax
Kuewr ur 3o331p ‘ordwrexo J05 ‘som9100s JUTYSI] *$oIMINd Femonied
(00T “preog IU2WSSISSY WISASOIT WNTUUS[[IA) | UI PAYSIeISd 93¢ L1} SUONE[II [E10S JO $9dA) oU) 20UIN[JUT SWAISASOI UONE[RI [B120G (B | 6/
"WISAS0d
a1 JO s309dse SUIPN[OUT YUIWUOIIAUD JIOY) JO SIINILIJ PIZIUSOIF
(00T “preog IUAWSSISSY WISASOIH WNTUUS[IA) PIm pajerosse st e 29e[d Jo asuas, oy anfea ajdoad Auey 2oe[d jo asuag rew | g/,
‘wonedgund
I91EM PUE ‘SISEISIP ULWMNY JO UONENGFI [OFITOD TVOISOID ‘UONE[NSF
arewrd ‘oouruurews Aenb Jre Surpnpour ‘sassaoord wasdsod9s jo
(S00z “Te 10 ouensiden) uonem3as oy) woxy ureiqo oydoad s11yousq oy o7e $901AFOS SUNEMSY | 907AFS FUNLMIAY W | L/
UOoNe[N3aF AJEWI
[€20[ pU [BUOISYY BW | 97,
“eaye yenonied e ur sodeospue] pajeannd
3O [eINJBU 93 JO SOMSLINIDEIBYD 913 UO 1xed UT PIseq awn INSII| WSHIN0J09
(S00T “preog IUWSSISSY WASASOI WNUUS[[IA) | FPY) puads 01 93y 95001d U210 9[d0dJ "WSIIN0I0I9 PUE UONEIFIIY PUE UONEIIIIY ‘eW | G/
*S90JNO0SF DNIUIT PUE Jaem U[soFJ ‘Joqy ‘[ony ‘pOOJ st yons 9OTAIIS
(S00g “Te 30 ouensiden)) | ‘swols£s009 woxy ureiqo s[doad s1onpoid o) 93¢ $901ATIS SUTUOISIAOK] SUTUOISIAOX BW |
*s3018UT[[0d JO SSOUQANDIIID
(S00T ‘preog 1UWSSISSY WISASOIH WNTUUSIA) pUE ‘9duEpuUNqE ‘VONNJIASIP SU3 199JJ& SAZULYD WISASODT] UONEUI[O] ‘BW | €/
“SoAEM
93xe[ J0 soueorny £q PIsned 9FBWEP I} 9ONPIT A[[LONELWEIP UL uonensar
(SO0T “preog IUWSSISSY WISASOIT] WNIUUD[[I[A) |  SJOOF [6F0D PUE SIAOISUBW St (ONS SUWISAS0D2 [#ISLOd JO 20uasaxd oy, prezey [eIIeN] [BW | 7L
a0Ino0g uonmuRq s1daouoo) ON

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO



[4°

"SUONEBAFISCO
(2102 “Te 30 yosy) 10931p ySnoxyp eep Arewrrd JO UORDI[OD SN POYIOW AFEWT ] powpow Axewnx | 00T
*901ATOS
(21027 “Te 3 yo3y) wW2Is£5009 rnseaw 01 pasn £x0xd oY) SUNDI[JoF 9I€ SIOILIIPUT AFeWI ] J01e01puT A3eWI] | 66
(900 “1¢ 32 UPH) CWH| [ UBYJ SS9[ UOISUSWIp Sey S[e3S 30Id | 86
*s901AF9s o1 Jo Anuenb osn pue Ajddns
o Jo drysuone[ar Anowoas oy) Uo paseq palear 9q Ued Ay ], Bore
jopny | SunPoUaq 90TAIIS PUE BIFE SUIPIAOKd 9014398 U9aMIaq dIySuone[dF 9y T, driysuoneoy 29¢[d | L6
2e[J /A3o1o1u0 /330 erpadqp / /:dny "UONED0[ JO SIUTL SO oe[d | 96
€1957D . LIDN/0qo /310'Aerqroqo-pnd / /:dny *JOJEUTWOUIP Y} St POOISIOPUN ()()] UIA ONET JO UONILIJ 28e1u0019d | §6
*S1q [EUONIIIP o 2dedspue] Surpunoms
(600C “Te 32 32ysLY) 311 IY2U( NG UONEIO] JUO UT PIPIA0Kd 9Fe SIOTATIS o) I A\ [euon2Mp-Tuw() | {6
$.218D LIDN/0qo /310 &reiqroqoand / /:dny "P[oY BIep € UT PIUTEIVOD [eI0WNU € JO WIOJ 9Y) UT UONLWIOJU] anfeA duowWnN | €6
"anJeA LISIDATPOIq ‘OnfeA
soypuny | A(ddns ‘sopads jo oqumu :o[dwexy "Aouow UO Paseq JOU ST anjeA Y], oNJEA JTWOUO0II-UON] | 76
[PUOREN | T6
redpruny | 06
‘uvonenba oy UT s9[qELIEA
(210 ‘Fequn(y 29 ‘SOBJN ‘USWI[IA\ ‘NOYeI( ‘YoIH) SE Pasn 238 SJOILJIPUT YDIYM UT S[OpPOW $82303d ursn porpgawr s1yJ, [PPOIN | 68
“JIUnN J9YI0 UT JO (Jrun AFelouow) anfeA d[WOU0dd
Joyny UT 9q UED UDTYM 9NJEA IDTAFIS WISASOII JO IIUN JUIWOFNSLITA] JTU() JUOWIOINSEIT | 88
"‘GONELIUasa3dos JOUONUIATOD
swos 01 3urpr0dot sdIysuone[as pue s9z1s ‘surr0y 2ANd2dsax
FOYD UT WO SUIMOYS ‘SU2ALIYaL JO Uoniod B JO [aIed o) JO ©IJe Uk
dett /35M03q /WO ATeUONIIP MM / /55101 JO $23NILIJ O JO St 90eINS JB[ & U0 AJfensn ‘voneiuasordor e st dejyr dely | 28
[oNJ POOA\ BW | 98
POo3 PIIA\ -eW | 68
‘seage ueqin s spueidord jo spue[doid
M $18930F JO 1UdWde[dar 9U3 JO SPUL[IM JO UOISIDATUOD ) St
yons ‘wasks oy jo enualod 98eI0Is IoTeM I3 93ULYD Je) SUONEIN[E
‘renonred ur ‘GurpnPUI ‘FOA0 PUE[ UT s9FUBYD Aq paouan(jur A[SU0NS aq
(00T “preog IUdWSSISSy WISASOIF WNTUUS[[I) | Ued 287eydax Joymbe pue ‘Gurpooyy ‘Jyouns Jo spmrusew pue Jurwn Y, uopeN3oT FNEA\ BW | H8
a0Ino0g uonmuRq s1daouoo) ON


https://www.dictionary.com/browse/map

€9

"Apeord Ayea Lewr os1An]|

20139 WAISASO2 JO UONBZINN JIAY) PUE IS2IAUT U 2ABY A1) YoTym

UT 901AJOS WISAS009 9} 01 vonuane Aed o[eds Yoo I8 SIOP[OYN IS

"PIFOMA o) PUE ‘TONEU 0] ‘s90UrA03d 1O $a1EIS 01 U ‘sopreddrunuy

JO SONIUNWIWOD St YINS [9AI] FOYSIY 03 ‘SP[OYISNOY PUE S[ENPIAIPUT

SE UONS ‘(9A3[ [EUONMINSUT 1SIMO] Y3 WOIF $93UeT yorym (8661

“Te 39 UBPIOTY,O ‘G661 WORNSO) PUE JOYI9¢) SUONMINSUT JIWOTOIION0S

JO AUDIeIOTY © OIUT PIYISSE[D 9 UL 9DTAIIS WISAS0DI JO AIedjouaq

(€10T “Te 30 Sueyy) ST, "eo3e SUNTJOUIq 9371AFG JO 9[eds [erodwol pue [eneds oy,
“UOIEIIPISUOD JOPUN WM JO UOREINP O JO BFe ApPnIs

S} JO 971 U ST IUIXD oy T, *(eIep JoIsex 03 2z1s [oxid “39) 19s erep

U2AIS & I 9[qIssod uonnjosar [eneds JO [9A9] 1SOUT OU SI UTEIS YT,

(8661 “FoyIed PUET UOSINDJ) IUAIXI PUL UTLI3 [10q Aq PIZIIaIoeIeyd

‘(owmn Jo YI3Ua] JO BIFE JO 9ZIS "5'9) $59203d 70 1990 UE JO

uorsuowIp [ezodwol 30 [eneds o) 9q UED 9IS “WIISAS B JO UONESIUEIIO

JO [9A9] 9} 01 Pa3F2JaF OS[E sty INq ‘(UONN[OSIF PUE 7T “UTLI3 YUK

(8661 “FoxTe 29 UOSIAND]) *9°T) own pue 90eds UT SUOISUIWIP PUE SIUIWINSEIW 0} S19J9T I[edS

"UOTIBIIBA JO 9B JO SIW] AU ‘SoN[eA [EdIWNU

1S9USIY PUE 1S9MO] 913 U9IMII] 9DUIIJJIP O3 SI aN[ea d3uey

s303e21pUT M1sodwWod s yons ‘G dUOP

(21027 “Te 32 yosy) 0] Pasn 93¢ $J0JEJIPUT PIVIQUIOD JO J[BUIS & YDIYM UI sporpow 4xoxd

uondwnsuod Jo 9[edg

9[edS

anfeA a8uey

powpow £X01 ]

[eouIAOI

S0t

y01

€01

<01
101

aoInog uonTuga(q

s1daouoo)

ON

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO



£

(600T “Te 32 UsLY)
(Z10T “ZreM 2 2974S)
(Z10T “ZreM 2 2974S)

(2107 “Te 32 yo3y)

(€10T “Te 32 Sueyy)

(€10C “Te 3° Sueyy)

(€102 “Te 3 Sueyy)

SIMOY
*$901A39s 2deISpuE[ JO 223NOS 21p) 23k Je sun [eneds oy,

"SNONSNUO0D 10U 238 BITE JJIUI(

201ATOS PUE BaFE SUIpraord 901398 UaYM 90eds SUTUIATNIUT JO BITE O[T,
‘parmbaz

o7 WISAS09 JO $IFOUIQ O} DFIYM JO SPUBIIIP IDTATIS I} JO UONEIO|
*302ed1puT Arewrid oyp 9sodwod

0] pasn UONBWIOJUT £18$$909U o) 9praoid s101ed1pur £32pu0dag

7824

*92TAJOS [EUOIS9F JO I[AFIS [6qO[3

SE POFOPISUOD 9 UED IDTATIS WIISASODD ‘UOrSTIWIp [eneds JO swira) uf
*(SINOT) 927ATOS WIFI-IFOYS PUE (F8IL) 9OTATOS [EUOSEIS (SOPEIIP) 9ITATIS
WI9)-3UO[ OIUT PIPIAIP 9 UED IIJAFIS WAISAS00d ‘vorsuawp [erodwa
JO swi3al U "eare Surpraoid 901A19s Jo Jualxo [erodwal pue feneds oy,
“so[eas [exodway pue [eneds ojdnmnuw 1e 10eI9UT

SIUSMINISUOD PUE SWSIUELSIO [IqOw A[YSIY 9oUIS SIALFLPUNOQ WISASODI
Sugyop 01 SULSUD[[BYD ST 1] "BaTE UTEIIFD JO Sairepunoq [edrsiyd

S I OPIOUTOD $9INIEIJ JO $9559003d W9ISAS0DI WS ‘FOAIMOL]
“passarppe 3uraq uonsanb oyl UM swalss [ernieu Jo Arxajduwod o
$SIPPE 01 91eNbIPLUT ST U2IJO ‘WELINS € JO I[E[ € St YONS ‘Somepunoq
[ea1sAyd payynuapr A[Iseo UO paseq SATFEPUNOC WIISASOID IYI SUTULI(T
“JUOUISSISSE WIIISASOID I} JOJ SLIFE SALLPUNO] ) JO 9[IS YT,
‘szoproyayels oy 01 A[xrerdordde s1sozorur Supedo[ye

ur 3ueazoduwr ST $3[€IS JDUNSIP OIUT $IJ1AFIS WANsAs009 Suneredog
(000Z ‘Twoooe]) Sutuue[d osnpue] PUL UOREAIISUOD WISLS0ID
juowsdur pue oess euonmnsur errdordde ue e JuowoSeurw
wo3s4s009 pue sue[d JUsWRSeULW PUL UOREAIISUOD [9A9] 2dedspue]

UO SUOISIOOP 9YBW O} [EINLID ST 3] “UOISI & JO UONEU & JOJ Sumjew £orod
311 JO PI9U 913 199W O} J[qEUN 93k I[LIS [EO[3 © IT SINSIT UONLN[eA
wWISASOT "WAISASOII O} JO SONSIIANIIEIEYD ) YA IDUELPIOIIE

UT 9q P[NOYS JUSWSeULW WIsAsod] *soeds [erodwa pue [eneds i1 03
Pa1e[o7 A[YSIy ore wols£s009 UE WO} UreIqO SULWNY el SISIIAIUL YT,
‘sue[d UONEAIISUOD PUE JUIWITEULW WIISASOId UO [ YT,

9TAFIS WF-1FOYS
vore Surpraord 901a719G

©2JE SUNJOUUO0D 9I1ATIG
©2JE SUNJOUD( 9I1ATIG

307ed1pUT AF7ePU0d9g

JDTAIOS EUOSEIG

uononpoid Jo a[edg

UONEBAIISCO JO I[BIG

JUSWOTEULBW JO J[Edg

144
114

(41"

145

o1t
601

80T

LOT

901

aoInog

uonmuyaq

s1daouoo)

ON



Gg

"PIBWNSIIOPUN UIJO 9B $1S9JOJ WOIJ SPOOT
PIA\ ‘vondwnsuod uewny] J0J pooj apraoid Os[e s1S9J0J JO SWISAS
IOIEMYSITJ PUE JUIFBW IN( SWISAS009-033e pageurws woij Aredpurd

010z “Te 30 3s1abury) $OW0D POO,] "POOJ FUIMOIS F0J SUORIPUOD 9} 9praoid swois£soor] Poo :q931 | 171
‘pavoss Jued 1roddns 03 parmbas syusmnu
i pos op A[ddns swols£s000 Suruonouny [[om pue FIMINOLISE Arnroy
pue 11033 Jued 30J [enUassa ST L1NI9J [10G "UOISOFD [10s SunUaAaxd [TOS JO 22ULUNUTLW
£q 9014395 SUNE[NSOF [EIIA B SOPIAOId JOA0D UONEIIGFI A\ "UONEIHNIISIP pue uonuoaaxd
(0102 “Te 30 3sabuwyy) PUE UONEPEISIP PUE[ JO $$9203d 913 UT 30108) A9 © ST UOISOID IO UOISO¥E] Q991 | OZL
(8S00Z “VIN) "SonfeA dnoIsde pue
‘SUOTE[IT [BID0S ‘SWIISAS 9FPI[AMOUY “3'0 ‘BUIPN[OUT 9oUaTadX0 dpaYIsoe
PUE ‘UONE9F ‘VONIIJRI Yuawdo[PAdp 2ANTuS0d GuauydIuS [enyds
(0102 “Te 30 3stabuwyy) ysnoxy swaisisods woiy urerqo o7doad s1gouaq [ErIaewuou 9y T, 901AJOS [BIMNY) QA | BT
*93UBD 21BWI]D JO §199332 3 03 1depe
01 sw)sAs029 yo Ledes oy Sursordurr 4q ofox yuerrodwr ue sed osye
AIISIOATPOTY *$9J0IS VOCIED dTB STIIISAS0ID 15970J Aem ST UT 'sonssn
F1 Ut AeMe 31 YO0 A[0AND93J2 pue 25oydsount o) WoIj IPIKOIp o8eJ018
UOQFEd 2A0WIJ o) ‘m033 s1ue[d pue $991) Sy 'SISES 9SNOYUII3 pue uonensanbas
(0102 “Te 32 3sabuy) Burraisonbos pue Surrols Aq 21w [BO[S 911 9IB[NSIF SWASAS0dT] uoqre) :qe | QY[
*S[OFIVOD [BINIJBU SE 10 [[¢ [SUNy pue s501j ‘sdsem ‘sorfy ‘syeq ‘spaig
‘soyrsered pue s701epazd JO SONTAROE oY) YSNOIY SIsEISIp pue s3sod
918[Nn3a1 swashsody -o[doad pue spewrue ‘syue[d yoene 18 SISLISIP
(0102 “Te 30 3stabuwyy) auF0q J0309A pue $1sod Junensas y05 Juerrodwr ore SwAISASOI | [OTIUVO0D [EdISO[0T Qo | LI
*90U912s 10J A[SUISEIIOUT PUE dFMI[ND
9 N0 Jo Yonw 10§ uonesdsur Jo 903N0Ss I U] ALY sodeospue|
[EFIBU PUE SWISASOID ‘AIISIDATPOIE *AFOISTY ULWNY INOYSNOIY) PAIL[X uonesdsur
A[91BWRUT U29q 9ABY JUSWUOIIAUD [EJNIBU I} PUE 23pa[mouy ‘odendue | pue uonedsardde
(0102 “Te 30 3stabuyy) :uSrsop pue 13e ‘93mmd 303 uopesdsur pue vopepardde onoyisoy dMOYISAY QA | 9T
"poonpas st uonnod pue SIUSTHNY JO [0AJ] 91} PUE
‘pareuTWI[d 938 (SOOIdTW FUISNED 9sBISIP) suddoyped Aqaioy T, "UmOp
UOY0I( ST 9)SEM JSOW “[TOS I} UT SWS[ULSIO0IOTW JO AITANDE [€d130[01q
93 YSNOIYT, IUSWUOIIAUD SUIPUNOIINS I} O JOJJN [EINILU © SE 10 JuoUnNEIN
(0102 “Te 30 3sabury) PUE 21SeA [EWIUE PUE UBWNY IO FI[IJ SPULHIM SE [INS SWISASOI IOJBM-DISEA\ © 991 | GIT
a0Ino0g uonmuRq s1daouoo) ON

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO



99

(010T “Te 3 Is1abwy)

(010T “Te 3 Is1abwyy)

(0107 “Te 3 Is1abwry)

(0102 “Te 32 3s1abuwry)

(0102 “Te 32 3s1Abwy)

(010T “Te 3 Is1abwry)

(010T “Te 3 Is1abwry)

*$92JNOSIJ EUDIPAW JO 92IN0S [eNUN0d B 978 SWISAS0ID [[y "ARSNpul
[eonnodewreyd o1 J0J S[ELIIeW Mex ot} SUIPIAOId Se [[9M S SOUIPIW
revonipen se pasn siue[d Auew opraoid A1sI9ATPOIq PUE SWAISASOI

* s10ds10y A1s10ATPOIq, SE

UMOUY 98 PUE SIOIO UL ISTOATP A[[EONOUIS 9FOW WY SI[eT YOIy
so109ds Jo 3oquunu Y31y A[reuondodxs Ut ALY $1EIIEY SWOG "YO0ISIAI|
pue sdoxo [errowwod Suido[aasp 3o1pIng 303 [00d JUSS € puE SILARND
pardepe-[jom A[[eo0] 303 siseq o Surpraoid snua JOUYIO0 UOBd WO

$9JBI JO SP92Iq JUIIIJJIP SAYSMIUNSIP AISIATP dpouax) ‘suonemdod
$9109ds UTPIA PUE U241 S9US JO AJO1TEA O} ST AIISIDAIP DIUIL)

‘aroydsoune

oy woiy sjuenjjod Suraowas £4q Lipenb e Sunemsor ur sjor Juelrodur
ue Ae[d osye syued 1oya0 JO $991 7, A[[eUOIGaI pue A[[Ed0] YpOq AIIqereAt
J9)eA PUE [[BJUTET 2DUIN[JUT SISIFOJ IS[IYM dpey[s opraoxd sooxT,

*(9014398 398U pue [ood suad oy Sururerurew snyp) saads £3o1eISrur
pue 1UpIsaF 03 20eds SutAl opraoid 01 sweIshs029 Jo sdurIzodwy oy T,

"STUQWIOAOW FIAT) SULIP SWISAS0ID

1ua30131p uodn puadop [[e $109SUT PUE SEWWEW ‘YSY ‘SpFIq SuIpn[dul
sa1ads A701ISTIA] 91240971 $2192ds © FOF [BNUSSD 9q TED 1B SILIIqRy
1U293JIP $opra0id WISAS0ID YOBH IS PUL LIOIBM {POOJ DATAINS
01 SPaaU Tewue 30 Jueld [EnpIATPUT UE 1) SUTyILIoAd opraoid siearqer]

*98UeYD 9JBWID PUE JUIWUOIATD

[ed0[ 01 uoneidepe pue ‘Onfea [eUORINNU Jo uonezindo OseasIp

01 2DUEBISISIT ‘P[OIA SUISLIIOUT JOJ S9ATIODO JO 9FULI IPIM B (IIM
‘(ermymoenbe pue somoysy ‘sfewrue wirey ‘syue[d doxd 105 ‘3-9) swersord
Surpoaiq paaoidwr jo 1roddns ur 3uerzodwr T $90IN0SOF DPOTIN)

“A[eoo] o[qerreae sorem jo Aapuenb o souonyyur
$1S9J0J PUE UONEIIZI A ‘Jorem Jo uonedoyund pue MO[j 9y3 91e[n3ox
Koy se “9[o4d [e2130[03PAY TeqO[3 o3 UT 9707 [eta € Ae[d swals£soor]

20IN0SAF
[BUIDIPIIN Qo

A1STOATP dNOTS
JO JDUBUNUIBJA :q99)

Lrenb e
PUE 21BWI [€D07] :q29)

9014398 Suproddns
30 YeIIqe] Qo)

saads 03 1eIqe ] o

$32JN0S9F d13aUaL) 1293

Ja1em (satg :qoal

8¢C1

LTt

9Cl

14}

144"

14"

(44"

aoInog

uonmuyaq

s1daouoo)

ON



19

“JUIWDINSEIW JO SINNOTFIP 931dsap ‘pazrugooas

Buraq A[sursearour st aesy [edrsdyd pue erusw Sutureurew ut skefd
ooeds 10013 ey 9107 9y T, Xe[ox 9[doad s3] os[e Inq 9s1079x9 TedrsAyd
Jo wir0j poo3 & A[uo j0u st 90eds U913 ur syrods Suikerd pue Sumex
‘sarods jue[d pajeannd pue prm woiy

paarrop Apoasrp o3¢ Jerp sfro Jue[d pue sPNJoIq ‘poom SUIPNIUT [ong
PU® UOTIONIISUOD JOJ S[ELFAIEW JO AJISIDAIP 18913 € opraoxd walsfsody]

010z “Te 3 Is1abwry)

(010T “Te 3 Is1abwyy)

*$90IN0SX
JOUIO PUE JAIEM ‘POOJ IPNIUT 43U T, 'SWAIs4s029 woiy sindino £55ou9 j0
[B1F91BW 913 IIIOSIP I} IDIATIS WSASOID TE SIIIATIG SUTUOISIAOK]
"(LOOT 'Te 32 UPLY]) 29302 pue

©0202 st yons sdoxo yseos Juearodwi Surpnpur vopeurod ewrue uodn
puadop sdoid pooj [eqof3 Surpes] G| 9p JO INO /§ SWOS ‘Sieq pue
SPIIq 2WOs £q OS[E INq $3995UT £q papraoxd AJurewr 937439 WIS£$009

Ut S UonNeU[od [BWIUY "SPa9s PUE SI[IAFIA ‘Sniy JO Juawdo[oAdp
a1 JOJ [eNUISS ST YPTYM 2951 pue syue[d ajeurjod puim pue s109su]
*AIISIOATPOIq I PIMOPUD SSI[ SIMII0S JO SIIQUIdW

Aqaream £q s0oz pue sosnoquaais areanrd ‘suopred ‘syred ur pakofus oq
01 $9109ds JO J9JSUBN PUE JOJ UDIEs 93 Aq pauurdropun sem ‘AT0A0DSIp
JO s93eLoA Y JO S[EUONEI AU JO JWOS PUE 130JJ9 UoneLIOo[dxo
S[qEFOPISUO)) "YIEq PUE WIS UNIJ GUIIS ‘SIALI] OPN[IUT SIFNILIJ
[EIUSWEUIO BOWWOD JIUIO0 N SIIMOTJ Jo Jo Ae[dsip oy 103 umors
Aqreard£y oxe syue[d [pausweus() *9dUAN[FUT puk UoNIsod ‘smiels [enprAIpul
Surrrojuod ur Juearoduwr Uaaq 24y ‘spIiq jo asewn(d Aqerdadso

‘syred pewtue pue Jueld jo sas() "£19100s urwNY Jo JudWdo[aAdp

912 INOYSNOIY J[OF [LIUIWEUIO Oru0d1 uk pake[d sey L1rsroarporg

(010T “Te 3 Is1abwyy)

(0102 “Te 32 3s18bwy)

(0102 “1v 32 3s1abug)
"93eWep WI0IS WOIJ

sourIseod 399101d d[oy soroigurws pue $3997 [e307) *sado[s az1[Iqels ued
$997) IS[IYM F91em poo[y dn yeos ued spuepam 9[dwexa Jo,] ‘9Fewep
sqrssod Sunuoaaaid £qozot ‘s3ISESIP [BINIEU ISUTESE STOJJNC )LD
SWSIUESIO SUTAI] PUE SWISASODT] "SIPISPUL] PUE SIYDUE[EAL ‘STLUBUNS)

(0102 “Te 30 3sabuy) ‘SWI0IS ‘SPOO[} 9PN[IUT SPIEZEY [EINIBU JO SIUIAD JOUIBIM JWINXH

ey
Tearsdyd pue eruow
PUE UONEIIIIY (9

[erralelu MeY (o3l

201AFDS
SUTUOTSIAOX :q99)

UONBUI[O o

22JN0S3T

[easowieur() :qaal

JUIA9 QWAIIXI
JO UOREISPOIA :q293

vel

el

(43

153

0¢ct

(14"

aoInog uonTuga(q

s1daouoo)

ON

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO



8¢

g X4 0 6¢1 6¢1 ¥¢ ¥¢ 6¢1 1Unon)
suoneRs
SUOTIB[dI | SUONB[oX -0U’SONISIIES SOW00INO | J3parmous 1U9)U0D
01 ue G uey -1daou0o Surureay yonrd yonuyap (1x3) Aue s1doouod WL
IO\ QIO | -[BIOU5 199YS [90Xd Moy N Moy momyIIN moyIrx [elo1, | sonsneig

APOOﬁ Fﬁd 19 NNQNumOUv

066£LD™.LIDN/0q0/330"Aseaqioqo-pand / /:dny

(0102 “Te 32 3s18bwy)

(0102 “Te 3 1s1abwry)

(010T “Te 3 Is1abwry)

- LIDON

“BuTUEBOW SNOISI[OF B 9ABY FO PIIOES PIFOPISUOD 93 SUTEIUNOW JO SIALD
‘5150703 o3100ds SE YONS SOINILIJ [LFNIBU P[FOM o) JO sired Luewr uy

0JUQST JO UONBWLIOUI DNiSIIE)S BY |

*901A398 WISAS02 JO anfea 9y Jo syuauoduwiod

193Jeti-uou pue 193 Jell 9yl Y10 91eWIIS9 O] pasn Spoylowr ST 1]

"owmn Aq paITwI[ 30 9w 03 SUNE[Y
*£1839A1p TEI180[01q JO 2duEIrodwi oys Inoqe 9[doad a1eonpa os[e ued
WSEIN0I-039 Pue [eInny) VO[] +H6G $SN 03 dn pawwns WsNo) woij
SSuTUFED [8qO[3 §OOZ UT "SIIAUNOD AUBW JOJ SWOIUT JO 9FNOS [EI[A

© ST PUE $1IJOUDq DTWOU0II [LIIPISTOD $IPrA0rd UIny ur YoryM WSLINo)

Jjo spuny Luew 703 903 Jueizodurr ue Ae[d LISIDAIPOIQ PUE SWAISASOIH

“Sursuoraq jo
9suas & 3UNeaId J05 1UEIFOdUW 9FE SWOISND PIIBIDOSSE PUE ‘9FPa[mouy
[eUONIPET) PUE SUOISI[2F JO[ew [[& JO JUSWI[d UOWWOD B ST IINIEN]

“[OFIVOD ISBISIP pUE
pooyj surpraoxd 4q 30 [10s pue 31e Jo L1enb oY) Sunensas ‘39 SJ0IBMNTI

se unoe £q opraord swal£s009 L) SIITATIS O} 9FE SIITATIG SUNEMIY

poylowy uonenje A | 6¢T

oreas rexodway, | g€t

wspnoT, i) | Lg]

soerd
JO 2suas pue 2dudrIdxd

remuidg :qea1 | 9gf

9014708 Upen3oYy QoA | GET

aoInog

uonmuyaq

s1daouoo)

ON




« £q paruosoxdor st

9N[EA 9DTATIS WIISASOIT] ey
* 3O PUR * 30 *JO PUR| © ST

© ST WSTUESI() :S9O10 | PUIY B SI SSEWOI :S9010 |  [ELdIewl DPIUIL) $901D onorg
ormoNINs

waIsAs005] Jo axed st onorg
o[eds

[€9130[02%] JO PULY © SI sworg
©a¥E JUNJOUq 901AJOS WNSASOIH

UBWN] AQ Pasn ST 9DTAIOG UT PIBIO] ST 4 £q po18IoUI3 ST ouag
armonns

waIsAs005] Jo axed st snoIqy

suopear SurodinQg 1daouo)

sdiysuole|al s1i pue sjdeouod ay |

11 Jo sonzodoxd s1,, drysuopepy
/1 St unouy s, diysuonepy
¢ L, U1 p21e00] s1,, digsuone[oy
9 ,Aq pasn s, digsuopey
71 ,Aq paruasardos s, diysuonepy
1 £q pasarnas st,, digsuonepy
S ,&q pare3ouas st,, driysuoneoy
¥ 703 papuarur si,, digsuone[oy
il wAq pardagye st diysuoney
z Jo 1ed s, diysuonepoy
L11 WJO pury e st digsuoney
sdiysuomneyas yo roqunN ad£y 30d sdysuoneras yo soquunp

OUOST ul pasn sdiysuonejal ay |

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO



09

[erForeW
MEY :qI9] SB UMOUY] ST 4

asodind A3rou7 19010

92IN0SAF [BUDIPIA
:q991 SB UMOUY ST 4

steonnadewreyd
‘soumIpow

TeInaeu ‘S[edTwayd0rg
W SE UMOUY ST

[PN,] ‘W JO PULY ® ST

1941, :BW JO PUNY B ST 4

asodmd £8rour 159010

+ J0J popuU ST ISUNy
70 9¥3[e ‘SITL[J SO

« JOJ popuuL
ST WSTUELSI() 1S90

SONNUD [EdI30[01q
AU JO UONINHISUOD
pUE USIsa(J :S9010

901AFIS
WoISASOJF JO PUTY B ST

921AJAS [BIMI[N)) :SIDID

asodind £3rouyg
1S901D JOJ PIPUIUL ST

sseworg
:S921 JO PUTY B ST

asodind euonmnN
1S901D JOJ POPUITT ST

asodind [emrorey
1S901D JOJ PIPUIUT ST 4

yued
[BIFISOTIO) PIITATI[N) 1SIDTD

asodind £3rouy
1S901D JOJ PIPUIUT ST

sseworg
:S921 JO PUTY B ST

asodind euonmnN
1S901D JOJ PIPUIUT ST

asodmd remmarey
1S901D JOJ PIPUNUT ST 4

jue[d openbe pajeanny) :s9010

« JOJ popuIUT ST I3Uny
30 S¥3[E ‘SIuB[ S

+ JOJ papua1ul
ST S[EWIUY :$901D

Kyorrea
3O UTERS MOU PI9X( :SII1D

* 3O PUR
® sTaued Pl :$9010

* 3O PUH
© ST [BWUTUE PIIA\ :S901D

SSEWOTE :SIJ1D

+ JO PUTY E ST [BWIUE
openbe poreay] 59010

*JO PUR ©
ST S[EWIUE PIEIY S

* JO
pury & st iue[d [e1RSo1I0)
PareARN[NY) :SII1D

« Jo pury & s1yue[d
onenbe pajeanny) :$201

SSEWOI¢] :S9010

DDTATOS SUTUOTSIAOL ]
1S90 JO PUIY B ST 4

d101g JO PUTY E ST 4

SSEWOI¢] :S9210

[e13o12W DPAUIL)
:S921D JO PUIY ® ST

vonemndod

© SUTYSI[qeIso

30 SUTUTEIUTEJA]

1S91D JOJ POPUIUT ST

Kyorrea
3O UTETIS MU Paaig
:S921D JOJ POPUDITT ST 4

S[eWITUY :S9210

suopneas urodinQg

1daouon




19

+ JOJ papuaIul
staued piA\ :S9010

+ JOJ papuaul
ST [eWTUE. PIIA\ :S9210

+ JOJ POpUDIUT SI [EWIUE
openbe poreay] 59010

asodind [euonmny] :$901

+ JOJ popuaIUT
SI S[EWIUE PIedy 2010

« 703 papu21ur
st Jue[d [e1RS9310)
paieAnny) 189010

& SB UMOUY SI POO,] W

« 303 papuaiur st jue[d
onenbe pajeanny) :$9010

asodmd [euonmnny] :$9010

pood
:q99) SB UMOUY ST 4

asodind [euonmny] :s9010

« JOJ papuur
staue[d Ay 901

+ J0] papuaul
SI [BWIUE P[I/\ :SI21D

asodind [errorely 89210

+ JOJ POPUIUT SI [eWIUE
openbe poreay] 159010

+ JOJ popuaIUl
ST S[EWTUE PFLdY :$9J1D

+ J0J papuaur
staueld [ernsarIo)
PpareAn[nY) SO

« 303 popuaqur st jue[d
onenbe pajeAn[ny) 59010

asodind [errore]y :s9010

[eorRW
MEY :q99) SB UMOUY] ST

92JN0S3I [BUIDIPIIA
1q991 SB UMOUY ST 4

speonnaoewreyd
‘saupIpaw

‘TeInieu ‘S[EdTWIAYd0IYg
BW SE UMOUY| ST 4

asodind [errore]y :s9010

« J0J popuUY ST ISUNy
30 9¥3[e ‘SITL[J SO

+ J0] papuaiur
ST S[EWIUY :$901D

vonemdod e Surysiqeisa
30 SUTUTEIUTE]A] :S9D1D

+ JO PUIY ® ST 13Uny
10 9¥3[E ‘SIUE[ S0

* 3O PUR
€ ST WSIUESI() 1$9010

* 3O
PULY © ST SEWIUY $9010

[B1F21BW d[AUIL) :$IID

S92INOSIT DNIVIL)
:q991 SB UMOUY ST 4

DDTATOS SUTUOTSIAOL ]
1S90 JO PUIY B ST 4

$92IN0SIT DNIVIL)
W SB UMOUY ST

d101g JO PUTY E ST 4

[B1F91BW D1AUIL) I

+ JOJ papuaur
st aueld P\ :S9010

+ 30J papualur
SI [EWTUE P[I/\ 59210

asodind A3you7 159010

+ JOJ POPUIUT ST [EWIUE
openbe pareay] :$9010

+ J0J papuaur
ST S[EWITUE PIIBdY S92

« J0J papu1ur
styue[d [B1S91I9)
PpaleAnn) 1$201D

« 30J popuaur st 1ue[d
onenbe pajeanny) :$201

asodmd £8roury 159010

suopneas urodinQg

1daouon

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO




29

« Aq paoagye « Aq paooyye
ST TOLMDE COﬁ:w.de\/ ST 9JTAJOS Euum%mOum OMENLU wO FOALIT
« Aq paroagye st * %30 %3O

ON[EA 9ITAJIS Evuw%mOUm

%ﬁ P2399j3® ST JO3edIPpUT

PUTY B ST JOALIP 109JIpU]

PULY © ST JOATIP 12931(]

98uBYD JO JOA(

drysuoneoy
Y[ JO PUR ¥ ST 4«

[euon2ax (]

agued
JO IOATI(] JO PULY B ST 4

JOATIP 12371

asodind £3rouyg
1S901D JOJ PIPUIUL ST

sseworg
:S921 JO PUTY B ST

asodind euonmnN
1S901D JOJ POPUITT ST

asodind [emrorey
1S91D JOJ PIPUIUT ST 4

jueld plij S9010

asodand £3rouy
1S901D JOJ PIPUIUL ST

sseworg
:S921 JO PUTY B ST

asodind euonmnN
1S901D JOJ POPUITT ST

asodind [emrorey
1S901D JOJ PIPUIUT ST 4

[ewitue PIA\ :S9210

901AFIS
WoISASOIF JO PUTY B ST

9DTATOS QJUBUNUTEW
pue uoneM3oYy S92

asodind £3rouy
1S91D JOJ PIPUIUT ST

sseworg
:S921 JO PUTY B ST

asodind euonmnN
1S9ID JOJ PIPUIUT ST

asodmd remmarey
1S901D JOJ PIPUNUT ST 4

[ewrue onenbe paredy :$9010

asodind £3rouy
1S901D JOJ PIPUIUT ST

sseworg
:S921 JO PUTY B ST

asodind reuonmnyNg
1S901D JOJ PIPUIUT ST

asodind ferrarey
1S901D JOJ PIPUNUT ST 4

S[EWITUE PoJEay :S30I0

* JO
PUTY © ST SSEWOT :$9010

* 3O PUR © ST
[B13918W DTIUIL) 1$IIID

ODTATOS SUTUOTSIAOI ] (ST

901ATOS
W2ISASODT] JO PULY B ST 4

901AJOS SUTUOISIAOI] :SID[D

vonemndod

© SUTYSI[qeIsd

30 SUTUTEIUTETA]

1S901D JOJ PIPUIUT ST

SONNUD [B2130[0Iq
MOU JO UOTIONIISUOD
pue udsa(y

1S9010 JOJ POPUITT ST

£yorrea
JO UTEFIS MU PIdrg
19210 JOJ POPUIUI ST

[e1IoIRW DNOUDL)
:S9210 JO PUTY B ST 4

13Uny 70 9E3[E ‘syue[ 59010

SONNUD [B2130[0Iq
MOU JO TUOTIONFISUOD
pue udsa(y

1S901D JOJ PIPUIUL ST 4

[B13912W DNOUIL)
:S901D JO PUIY ® ST

OHOId JO PUR B ST &

WSTUE3I() :$901D

suopneas urodinQg

1daouon




€9

+ Aq po1EIOURS ST
onJeA 931AJOS WASASOY

* 3O PUR T ST
901AJ9s UNEN3Y QN

90TATOS WIISASOI

+ JO PUIY B ST 907A10S
SUTUOTSIAOX :q991

* 3O PUR
© ST 9014395 Sunyoddns
30 YeIqe] Qa3

«Jo pury e

ST 9TAJOS [eFMI[N)) :qoAN

* 3O PUB[ © ST
201305 Suproddng rew

9JTAJIS Euuw%mOUm

* 3O PUR © ST
901AJ0S SUNENSY ‘W

xJO PUI{ © S
90TAJOS SUTUOISIAOL] ‘e

* JO PUR
© ST 9D7AJOS [BIMI[N)) B

* 3O PULY
© ST 90TAJOS QOUBTANUTEW
PUE UONE[NSIY 59010

9DTAFOS WNSASOIT]

+ JO PUTY & ST 907AJOS
SUTUOISIAOX :S901D

+ Jo sonzadoid sr oreog

*
£q po1e3oUd3 ST IJoUd(

«JO puny €
mﬁ DUTV.HDw ﬂmHBuﬂDU ”mvuﬂu

9DTAFOS WANSASOIT]

F01TPUT
£q poruosoxdor T,

wWoISAS00]
£q po1BIoUdS ST

9DTAFOS WNSASOIT]

2IN3ONIIS WNSASOIT]
Aq pardagye st 4

9JE[J UI Pa3edO[ ST

UonNOUNJ WIISASOIT
£q po1€3oUd3 ST 4

a3ue jo
JOATI(T Aq PoI09JJE ST 4

9DTAFOS WANSASOIT]

« Aq parerouasd
ST 9DJAJOS WAISASODT]

UonOUNy WaISASOIT]

wo)s£s007]
£q parerouas st

eare Surpraoxd
921AF9G UT PAILIO ST 4

2IMIONMS WIISAS0IT]
£q po19937%® ST 4

uonOUNJ WISASOIT

« Aq parerouos « Aq parerouasd
ST UONOUNy Wals£sooy ST 901A39S WASASOIF] wshs0dy]
a7eos 9IM1oNNS WISLS0IF]
UBWINE AQ PII2JJe ST, | [EDISO[OD JO PULY © ST £q pajuasardos st wshs0dy]

pogow
uopenye A Aq pasn ST

e1ep 1nduT JO PUTy B ST

on[eA JTWOUOIH

« JO pury & s1 odesspue|

+ JO PUTY & ST W9ISASOd

370s [e2130702%]

* 3O PUHY *
® ST WSIUESIO [ENPIAIPUT | JO PUTY © ST 9[BdG [BqO[5) | 4 JO PUR B SI 9[EdS 10[] + JO PUTY ® ST oworg 370s [E2130702%]
UONEAJISqO JO JUWIFeULW JO uvoponpoid jo

a7e0g jo sonxadoid si

a7e0g jo sanxadoid st

9IS JO PUIY ® ST

a7e0g jo sonxadoid si

370s [E2130702%]

suopneas urodinQg

1daouon

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO




79

Jeds
[EDIS0[ODF] JO PURY € ST 4

WSTUESIO [eNPIATPUT

oeds [PUORNMINSUT

JO PUB| © ST & [enpIATPUT
agued
JO JOATI(] JO PUTY © ST 4 TOATIP 1093IPUT
* * 3O PULY
£q pa1oagye st erep nduy | B ST JOILIIPUT ATEPUOIIG 307BTPUT
« Aq pa1ooyye « Aq pojuasordox + Aq pa1oa3yeE SI + JO pury
ST POYIoW UONEN[EA ST 927TAJOS WSASODF] | oNJeA 9071AFIS WISASOIT © ST JOJEDIPU] ATJeWIx ] 107821PU]
asue jo
de £q pajuasaxdos s, JOATI(T AQ PR1D2JJE ST 4 307BTPUT
« 4q paroogze « Aq paroogze «4q
ST JUDWIFBUBW JO I[EdG « &q pasn sragouag | st uondwmnsuod Jo 9[edg P219933e ST WsAs0d7] uBWNg]
o[eas
[eDIS0[0IH JO PURY € ST S[¥3§ [¥qO1H
S[S [PUONMINSUT
JO PUB ® ST« Arure,g

« £q paruasardor
ST WISASODY]

2IMIONANS WIISAS0IH]

« 4q paroogge
ST UONOUNY WISASOIT]

« Aq pa1oogze
ST 9D1AJOS WAISASODF]

« Jo 1xed st onorg

« Jo 13ed st onoiqy

2IMIONANS WIISAS0IH]

anfeA a8uey
£q poruasoxdor st

oN[EA 90TATIS WAISASOI

ejalichhel
£q poyuasordor st

oN[EA JLIWNN
£q poyuasardar st

1rey))
£q poyuasardar st

HOu&UﬂuQH
4q paroagge st 4

oN[EA 90TATIS WAISASOI

poow vopen[eA
AQ POAITIIOF ST 4

DDTATOS TWIISASOI
£q po1€3oU3 ST 4

depy £Aq paruosardar st

ague jo
TOATI(T Aq P109JJE ST

oN[EA 90TATIS WAISASOIH

suopneas urodinQg

1daouon




99

POO, el JO PUILY T ST 4

SILIYSH D.H.DHQNU Haeel

901AJ9s FURLNSIY
W JO PUTY © ST 4

[OTUOD [ed130[0r¢ Bw

+ SB UMOUY ST
asodmd [emroreyy 9010

4 SE UMOUY
st 9sodind £3zouq 5901

steonnooewreyd ‘souprpow
TeInieu ‘S[edIWAYDO0IY B

92JN0S3I [BUIDIPIIA
Q9] SE UMOUY| ST 4

901AJ9S SUTUOISIAOK]
1B JO PUTY © ST ,

sTeonnadewreyd ‘soupIpow
TeInIeu ‘S[EIIWAYDO0IY B

POO,] ‘8w JO PULY © ST 4

armnoenby ew

901A39s Supem3ay
B JO PULY © ST 4

uonemsar Aenb Iy ew

927AJDS [BIMIN))
BW JO PUNY B ST 4

9N[BA ISy ‘eW

o[eds
[erodwoT, Jo pury ® s 4

901AJOS WIFI-BUO]

3O pury © st Arwe g

oreas
[E2130[007] JO PUTY ® ST 4 odeaspuer|
9[E9$ [EUONMIASU]
JO PULY B ST 4 [BUOnBUINUT
* JO

PUDY © ST [BUONEUINU]

9[¥ds [BUONMINSUT

+JO PUTY T ST [eUOnEN

+ JO PUTY B SI [BIDUTAOI]

+ JO puny ® st [edounyy

+ JO PUDY € ST [enpIApU]

9[ed$ [EUORMINSU

JUSWIFeULW JO
a7e0g jo sanxadoid st

9IS JO PUIY ® ST

uvondwmnsuod jo
a7e0g jo sonxadoid sr

9[eds [BUORMINSUT

driysuonepoy
20¥[J JO PULY B ST 4 ns-uy
x 3O PUR xJO PUR| ¥
© ST ON[EA OTWOUODH] | ST ON[EA JTWOUOII-UON] vaep indug
poow JOEITPUT
uvonenep Aq pasn st | dep Aq pajuosardar st £q pa12933%€ ST 4 eyep induy
suopneas urodinQg 1daouon

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO




99

[erFoYEW 901AT9S SUTUOISTAOL ]
MEY Q93] SE UMOUY ST 4 W JO PUIY © ST 4 3oqI] ‘ew
2014308 SupeNsoY
W JO PUIY © ST 4 UONE[NS2I UOISOT ‘B
901AFOS TEIMI[ND)
W JO PUTY © ST 4 anfeA [euonEINp W
201AJ9s Supensoy
W JO PUTY B ST 4 Uone[N3aT ISLISI(T W
x 3O
% SE UMOUY | PUIY © ST 9N[EA SNOLSI[F
ST 9JTATOS [EINI[NT) 93] pue rerrdg ew 9D1AJOS [BIMI[NY) W
*
+ JO pury +JO PURY | JO PUTY © ST WSFNOJ0ID % JO
® ST UONE[F [BID0G ‘B e s190e[d JO 9sUag W PUE UONEIIOY BW | PUIY © ST yonesdsuy rew 9JIATOS [EFMI[N) 1B
xJO PUR ® + JO PUR] © ST onfea *JO PUR © x JO PUR
SI 9N[EA [EUOREINPT] W 93BIIoY [eAnan)) (Bw | ST AIISIOAIP [eINI[N)) (BW | B ST ON[BA DHIISIY B 9D1AJOS [EIMI[NY) BW
J0TATOS
wWSASOIF] JO PUTY © ST 4 90TAJIS [EININ)) B
9D1AFIS [EIMIND)
W JO PUTY © ST 4 anJeA 9319y [eIIn)) (BW
9D1AFIS [EIMIN))
W JO PUTY © ST 4 AITSIOATP TeImI[n)) oW
POO,] W JO PUILY B ST 4 sdom ew
JOqI,] {eW JO PUTY © ST 4 s ‘dwoy ‘vonon) rew
+ 3O PUH
© ST UONP[NGOT 9JBWID | 4 JO PUIY B ST UONEL[N3x
[820] PUE [BUOISY BW )eWId [BQO[3 ‘bW UONE[N3aT NeWI) W
201AJ9s SuneM3oy
W JO PUTY B ST 4 UONE[N3aT NeWI) W
suopneas urodinQg 1daouon




19

2D1ATDS
wWSASODF JO PUTY © ST 4 201AJ9S SUTUOISTAOK] BW
901A39s Supemsay
e JO PU © ST UONBUI[O ‘eW
901A39s Supemsay
‘BW JO PUR © ST, | UONE[NS2I pIezey [BImeN (ew
POO,J :BW JO PUTY © ST 4 JD0ISIATT BW
90TATOS [EFNI[N))
‘B JO PUTY © ST uvonesdsuy ew
Uone[N3aI LW
BW JO PUIY € ST, | UONE[M32X JBWI]D [BqO[3 BW
« SB UAOUY S
[BLI21EW JNIUIL) 1SID[D $92JNOSIF DIIUIL) 1B
$90IN0SIT DNIUIN) 901AT9S SUTUOISIAOX ]
1Q99) ST UMOUY| ST "B JO PUTY © ST , $90IN0SIF DMIUIL) 1B
xJO PUR| ®
s1 9sodind £37su7 :s9010 PN rew
901AF9S SUTUOISIAOK]
e JO PULY © ST 4 PN, ew
391 [[SOT,] 901AF9S SUTUOISIAOX]
1q99) SE UMOUY] ST e JO PUTY © ST 4 FOJEM USOL] ‘W
* 3O
PUR & ST POOJ PIIA\ ‘tW poo, rewr
* 30 xJO PUR ® * 3O PUHY
PUTY © ST [D0ISOATT (8 | JO pury e st sdord rew | s1 sommoysy ormde)) ew © st orminoenby ew poo, rew
poog asodmd euonmnN 901A¥9S SUTUOISIAOX]
1q99) ST UMOUY] ST 1S9TD SE UMOUY] ST "B JO PUN © ST poo, rew
* 30 * * 3O PUR ® « JO PUR ¥ ST
PUIY ® ST [oN] POOA\ ‘BW | JO pury ® st 3oqui], :ew | syoasodimd £S5our :so0p | s ‘dwoy ‘wonon) ew FoqI,] BwW
suopneas urodinQg 1daouon

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO




89

J2qL] ‘BW JO PUIY B ST 4

IOqUIL], W

201ATOS
wWoISASOJF JO PUTY B ST

201398 Suproddng ew

927AIDS [BIMI[N))
BW JO PUTY B ST

anpea
snoidies pue eryrdg rew

927AJDS [BIMIN))
eW JO PUTY B ST

UONE[F [BID0G Bl

927AJDS [BIMIN))
BW JO PUNY B ST 4

ooe[d jo asuoag W

* 3O PUR
© ST JUOWIIEIT) 21SEM PUE
uvoneogund 191e A\ BW

901AT9S JUNENIY ‘ew

+JO PUIY © ST | 4 JO PUIY ® ST UONE[NSIF %JO +JOpur ®
UONE[M323 ISLISI(T (B pFezey] [eINIEN] [BW | PULY € ST UONLUI[O] ‘6w | S [OTIVOD [edI30[0T¢ ‘e 90139 Supensday rew
* 3O PUBR ¥ S * 3O PUBR| ¥ «JO PUB[ B ST | 4 JO PURY € ST UORE[NEA3

UONE[N32F UOISOXF (B

ST UONE[NSaF 1918/ (BW

uone3aI LW B

Lypenb Jry rew

901AT9S JUNENIY ew

921ATIS
WISASODT JO PUTY B ST 4

901AT9S UNENIY ew

uoneN3ax AJeWI)
BW JO PUNY B ST 4

UONE[N3oF LW
[B20] PUE [BUOIGY W

927AIDS [BIMIN))
BW JO PUNY B ST 4

WSTIN0J0dd
PUE UONEIDDY BW

+ 30 PUR
B ST JOJeM [S9J,] ‘e

+ JO PUTY B SI POO,] ‘2w

JOTATOS SUTUOISIAOL] ‘e

+JO pury v
ST §92JN0S3T 21AUIL) ‘W

+ JO PUTY ® ST [on,] BW

+ JO PUTY ® ST Joq,] ‘ewW

* 30 PUB

® ST syeopnodewreyd
‘SouUIpoW ‘TeInIeU
‘S[edTwoyY20I| B

JOTATOS SUTUOISIAOL] ‘e

suopneas urodinQg

1daouon




69

oreag £q paruasardox st | depy £q paruasardor st 0e[]
« Aq paruoasoxdos st

INJEA 9TATOS WISASODT] 98e1U0039J
drgsuoneoy

90¥[ JO PUIY E ST 4 [EUONOIIP-TUW()
« &q paruasardoar st + &q pasn

INJBA IIIAISIS Evuw%woum

ST 31U JUDWIAINSEIN

an[EA dIWNN

poyows
uonenye A Aq pasn st

e1ep InduT Jo pury B ST

9N[EA DTWOUTO0I9-UON]

o[eds [BUORMINSU

onyea o3uey Aq pasn s 4

JO PUB] © ST 4 [PUOHEN
O[S [EUONTINSUT

JO PUTY ® ST Tredorunyy
poyow

UOREN[EA JO PUR B ST 4 [PPOIN
anfeA

omroWNN] £q pasn ST

U] IUWRINSLIN

+ Aq pauasardos

st vaep nduy depy

« 4q « Jo sonzodoid % + £q poruasoxdar st
pa1uasardor st 30IEIIPUT | ST UONEAFISQO JO O[S | Aq pa1uasardor sy ooe[] | 9N[EA 9D1AFIS WIISASOIF] depy
91e0g Aq paruasoxdor st depy

32qL e JO PUIY € S

[°0} POOA\ ‘elu

POO,] BW JO PUTY B ST 4

POOJ PIIX\ -eW

901AJ0s FUPLNIIY
W JO PUTY B ST 4

UONE[NSaT FTe N\ BW

JUOWIILOT) JOIBM-IISE A\
: Q991 SB UMOUY ST

201AJ9s SuneM3oy
W JO PUTY B ST 4

JUDWEIT) ISEA
pue voneosgund 11E A\ W

suopneas urodinQg

1daouon

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO




0/

©OTE SUNTJOUIQ ITATOG
jo sopyadoxd st

uewnf] Aq Pa12937e ST 4

9[edS JO PUIY ® ST

uondwnsuod Jo 9[edg

« Aq paroagye x 30 x 3O PUR x 3O PUR|
ST POIoW UOnEN[EA | PUL € STo[eds [exodwa], | & st uononpoid Jo o[edg | © ST UOREAIISqO JO 9[EdS oreag
*
£q paruasoxdor st 90 | 4 Aq paruasaxdar st dejy aeag
xJO PUR ® xJO PUR ® * 3O PUR * 3O PURY
STIUdWAZeUEW JO 982G | ST uondumsuod jo Jesg ® ST 9[€0S [EUONMINSU B ST 9[€DS [EDI30[007] a7e0g
901ATOS WSASOIT]
jo sonyodoid st TS

+ £q poruasoxdosr st
onJeA 931AJOS WAISASOIT

+ Aq posn

ST JTU() JUSWINSLIN

anfeA a8uey]

poyow

uoneNEA JO PURY © ST 4 poupowr £x03J
J[e2s [BUORNINSU]

JO PUTY B ST [eUIAOI]
poyow

UONENEA JO PULY © ST 4

powpow Arewtr g

JOTEDIPUT JO PULY © ST 4

307BTPUT AFeWI

o[eas
[E2130[00F] JO PUTY ®© ST 9[2G 10[]
*« 3O PUR *
© SI [BUONDIP-TUW() +JO PUIRY © SIMIIS-UT | JO PUIY © ST [EUORDIII(] drysuone[oy 29[
20e[ jo sonzadord st diysuone[oy 20e[
+ UT Pa1800] + £q paroarye
ST 90TATOS WASASOI ST POPOW UONEN[EA 29[
+JO puny © + JO PUIY & ST « Jo sonzodoid « JO pUIy ® ST
st eore Surpraoxd 901AJ0G | €OTE SUNDOUTOD 0TATIG st drgsuone[oy 908[ |  ©oTE SUNIJOUIq IDTATIG 20e[
suopneas urodinQg 1daouon




22

&+ S€ UMOUY|
ST JUDUNEIT] JISEM PUE
voneoyund 191e)\ ‘W

109WEaI) J91eM-ISB A\ (991

901AJ9s FURLNIIY
:q991 JO PUTY ® ST

109WEaI) J91eM-21Se A\ (93]

oeas
[erodwa ], JO PULY B ST

IITAIIS WIII-1I0YS

« Jo sonzodoxd
st woponpoid Jo aeag

+ UI P21820]
ST UOTIOUNJ W2)sAS0d

vore Jurpraord 951419

29v|d JO PUDY E ST

eare Surpraoid 201aFog

20¢[d JO PUIY E ST 4

©OJE SUNDIUVOD IDJATIG

+ UT Pa120[ ST IJauag]

« Jo sonyodoxd
st vondwnsuod Jo Iesg

©OFE SUNIJOUL( DTATIG

29v|q JO PUDY E ST

©2Je SUNJOUD( 9JIATIG

JOJEDIPUT JO PULY © ST

J01ed1pUT A7ePU0I9g

oIS

rerodwa T, Jo pury ® st 4

JDTAJIOS EUOSEIG

+ Jo sonzadoxd
st oreos rezodwo

« Jo sonzodoxd
ST 9[€DS [EdL30]00F]

uononpoid jo a[eag

eore Surpraord 901a39g
j0 sonxodoid st

S[EIS JO PUDY € ST

uononpoid jo a[eag

« Jo sonyodoxd
ST 9[€DS [EdL30[00¢]

TONEAISSqO JO 91edS

depy 3o sonzodoxd st

S[LdG JO PUIY € SI

UONEAIISCO JO IMBIG

« Jo sonzodoxd
ST 9[E0s [82130[07]

« Jo sonzodoxd
ST 9[EDS [PUORMINSU

JUSWOFEULW JO J[EIg

9IS JO PUIY ® ST

uewng] Aq Pa1d9JJe ST 4

JUSWITBULW JO I[EIS

« Jo sonzodoxd
ST 9[EdS [PUONMINSU

vondwnsuod Jo 9[edg

suopneas urodinQg

1daouon

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO




¢l

ERACER
Sunzoddns 30 1e31qE

:q991 JO PUTY © ST

saroads 103 1e3Iqe ] Qo)

x SE UMOUY
ST SODFNOSIF dNITIL) (B

& SB UMOUY| ST
[e13OIBW DPOUIL) 1S

$32JNOSIT dNAUIL) 14293

901A39S SUTUOISIAOK]
:q991 JO PUTY © ST

$32JN0S3F dN9UIL) o933

% SBE UMOUY
ST JOJeM USOT,] ‘ew

Jajem 4sai,] o9l

901AF9S SUTUOISIAOK]
:q991 JO PUTY © ST

Jajem 4sai, o9l

« St unouy st asodind

« ST UMOUY ST POO,] ‘B [euOnIINN 9010 Poo] :qa31
901A39S SUTUOISIAOX]
:q991 JO PUTY © ST Poo] :qa31

201AF9s SunEM3ay
:q991 JO PUTY © ST

£IT[RI9 [10S JO OUBUNUTEW
pue uonuaAaid UOISOIY :qa)

* 3O
PUR € ST WSO, :q293

+ JO pury ® st 20e[d
JO 9suas pue 2duaTIadxd
renadg :qoo)

* JO PUR[ ® ST 3[EaY
rearsdyd pue reruow
PUE UONEIIOIY 129}

+ JO puRy & st uopexndsur
pue vonesardde
SHOYISIY Q)

9JIAJIS [eIniny) o9l

207AT9S
WISASODT] JO PUIY B ST 4

927AJDS [BIMIN))
BW SB UMOUY ST 4

9JIAJIS [eIniny) :qo93

901AJ0s FUPLNIIY
:q991 JO PUTY B ST 4

a8e103s pue
uonensonbas voqe)) :qa)

901AJ0s FUPLNIIY
:q991 JO PUTY B ST 4

[OTU0D [E2130[0T¢] Qo)

927AJIS [BITI[N)
:(991 JO PUTY B ST 4

vonexndsur pue
uvonesardde opoysoy g9l

suopneas urodinQg

1daouon




€L

+ JO PUTY © ST 90FN0SF
[BIUDWIRUI() 199}

+JO pury e I
$32JN0S31 ONUIL) “ﬂvuu

901AJ9S SUTUOISIAOK] o)

30 puny
19 wﬂ Jolem Qwu.ﬂm NQDDu

* 3O PUR
© ST [BII01eW MEBY] :q99)

* 3O PUR ¥ S1
92IN0SIF [PUDIPITA] :q921

* JO PUIY € ST POO :qo931

901AJ9S SUTUOISIAOK ] :o)

901ATIS
W2ISASODT] JO PULY B ST 4

901AF9S SUTUOISIAOK] (o)

201AJ9s Sunen3soy
:q991 JO PUTY © ST

UONEUNO ] :qo1

901AJOS SUTUOISIAOK]
:q991 JO PUTY © ST

92JN0S3k [eluaWeui() (293

2014798 Supensoy
1991 JO PUTY © ST 4

1U2AD
QWX JO UONEIIPOIN :qa)

% St UMOUY
st 9sodind £3rou7] 19010

4 SE UMOUY|
st syeonnaoewreyd
‘SouIpaWw ‘eInieu
‘S[EOTWAYD0TIE ‘e

% SE UMOUY ST
asodind rerrorepy :s90m

92JN0S3F TEUIDIPIA (2931

901AF9S SUTUOISIAOX]
199 JO PUTY © ST 4

92JN0S3F TEUIDIPIA (2931

J0TATOS
Sunzoddns 0 je31qET]

:q991 JO PUTY B ST 4

K1ST0ATP
219U JO DULUNUILIN ()

201AF9s SuneM3ay
‘4993 JO PUL ¥ ST

Lpenb
JTE PUE 2)BWI [0 129}

+ 3O PUH
© ST AJ1STOATP ONOUS
JO DUBUUIEIN] (991

* 3O PUB[ ¥ ST
sarads 107 1e3Iqe Qo)

9TAFIS
Sunsoddns 30 1e31qRL] Q991

90TATOS
wWoISASOJF JO PUTY B ST

201ATOS
Sunsoddns 30 1e31qRL] :q99)

suopneas urodinQg

1daouon

S30IAY3S WILSASOOT HO4 INFNOT3AIA ADOTOLNO




|22

% Aq PaAdInaT ST % JO %3O pURy
oNJeA 9J1AJOS WASASOI | PUR B ST poupowr £X0xJ © ST POYIoW AYewrsJ + JO PUIY ® ST [oPOIN poyow uopenfe A
+ £q pasn + &q
ST 9NJBA JTWOUVOII-UON] « Aq posn sy eiep nduy | posn st onfeA JIWOUOI poylow uopenfe A
103edIpUT DMC&SU Jo
20e[J Aq Pa1093FE SI 4 £q po1293J® ST 4 9[e0g Aq Pa1093Fe ST JOATI(T Aq PoI09JJE ST 4 poyow uopenfe A
* 30 puRy 30 puRy 30 puny

© ST 907AFOS WIFI-FUO]

© ST 9D[AJOS WIAI-1I0YS

B ST 9D]AJOS [BUOSEIG

oreos rexodwa,

982G JO PUIY B ST 4

uononpoid jo
o[eag yo sonzadoxd sy

oreas rezoduray,

9D7AIOS TBIMIN))
:q991 JO PUTY B ST

WSO, :qaal

927AIOS [BIMIN))
:q991 JO PUTY B ST

soe[d jo asuos
pue 2ouaradxa eradg :qom

* 3O PUH
© ST UONBUI[[O] Qo9

* JO
PUTY © ST JUIAD JWIFIXD

JO UOTIBIIPOA :qo1

+ JO pUR & st Apenb e
PUE 21BWI [ED07T 1233

9014798 JuneM3oY Qo

« JO PURY © ST 43135
[TOS JO 2OUBUIIUTEW
pue uonuaaaxd
UOISOIY] 1993

% JO PUIY B ST 95€J0IS
pue vopensonbas
uoqIe)) :qed

* JO PUR ¥ ST
[0TUOD [ed130[0T¢ :qo3

+ JO PUIY B ST JU2WIEIR
IOTEM-DISBA\ (99

9014798 SuneM3oY Qo

901ATOS
W2ISASODT] JO PUIY B ST 4

9014798 SuneM3oYy Qo

921AJOS [BIMI[N))
:(991 JO PUTY B ST 4

preay Tesrsdyd pue
[BIUSW PUE UOREIIIY o)

& SB UAOUY|
st 9osodmd £8rour 159010

+ SE UMOUY ST 1oqL] Buw

& SE UMOUY S
asodind [erzore]y 159210

[eIFo1BW MeY (o)

O0TATOS SUTUOISIAO ]
:Q991 JO PUTY B ST 4

[eFo1BW MeY (o)

suopneas urodinQg

1daouon




ONTOLOGY DEVELOPMENT FOR ECOSYSTEM SERVICES

APPENDIX B TURTLE FILE OF ESONTO

MAES Data

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/>.

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#>.
@prefix geo: <http://www.opengis.net/ont/geosparql#>.
@prefix ESOnto: <http://webprotege.stanford.edu/ayu#t>.

ESOnto:CICESNutritionalPurpose ESOnto:isKindOf ESOnto:CICESBiomass;
ESOnto:EcosystemStructure  ESOnto:Biotic.

ESOnto:CICESEnergyPurpose ESOnto:isKindOf ESOnto:CICESBiomass;
ESOnto:EcosystemStructure  ESOnto:Biotic.
ESOnto:CICESMaterialPurpose ESOnto:isKindOf ESOnto:CICESBiomass;

ESOnto:EcosystemStructure  ESOnto:Biotic.

ESOnto:CICESDesignConstructNewBiologicalEntities  ESOnto:isKindOf ESOnto:CICESGe
neticMaterial;

ESOnto:EcosystemStructure  ESOnto:Biotic.
ESOnto:CICESBreedNewVariety ESOnto:isKindOf ESOnto:CICESGeneticM
aterial;

ESOnto:EcosystemStructure  ESOnto:Biotic.
ESOnto:CICESMaintainEstablishPopulation ESOnto:isKindOf ESOnto:CICESGenet
icMaterial;

ESOnto:EcosystemStructure  ESOnto:Biotic.

ESOnto:CICESGeneticMaterial ESOnto:isKindOf ESOnto:CICESProvisioningService.
ESOnto:CICESBiomass ESOnto:isKindOf ESOnto:CICESProvisioningService.
ESOnto:CICESNutritionalPurpose ESOnto:isKnownAs  ESOnto:MAFood, ESOnto:TEEBFood

ESOnto:CICESMaterialPurpose ESOntoiisKnownAs  ESOnto:MABiochemicalNaturalMedicine
Pharmaceuticals, ESOnto:MAFiber, ESOnto:MAFuel, ESOnto:TEEBMedicinalResource, ESOnto:TEE
BRawMaterial.
ESOnto:CICESEnergyPurpose ESOnto:isKnownAs  ESOnto:MABiochemicalNaturalMedicin
ePharmaceuticals, ESOnto:MAFiber, ESOnto:MAFuel, ESOnto:TEEBMedicinalResource, ESOnto:TE
EBRawMaterial.

ESOnto:MAFood ESOnto:isKindOf ESOnto:MAProvisioningService.
ESOnto:MABiochemicalNaturalMedicinePharmaceuticals ESOnto:isKindOf ESOnto:MAProvisioningS
ervice.

ESOnto:MAFiber ESOnto:isKindOf ESOnto:MAProvisioningService.
ESOnto:MAFuel ESOnto:isKindOf ESOnto:MAProvisioningService.
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ESOnto:TEEBFood ESOnto:isKindOf ESOnto: TEEBProvisioningService.
ESOnto:TEEBMedicinalResource ESOnto:isKindOf ESOnto: TEEBProvisioningService.
ESOnto:TEEBRawMaterial ESOnto:isKindOf ESOnto: TEEBProvisioningService.

ESOnto:MAProvisioningServis ~ ESOnto:isKindOf ESOnto:EcosystemService.
ESOnto:TEEBProvisioningServis  ESOnto:isKindOf ESOnto:EcosystemService.
ESOnto:CICESProvisioningServis ~ ESOnto:isKindOf ESOnto:EcosystemService.

ESOnto:ESValue ESOnto:isgeneratedby ~ ESOnto:EcosystemService.
ESOnto:Observationalscale ESOnto:isKindOf ESOnto:Scale.
ESOnto:ProductionScale ESOnto:isKindOf ESOnto:Scale.
ESOnto:BenefitScale ESOnto:isKindOf ESOnto:Scale.
ESOnto:ESValue ESOnto:isRepresentedBy  ESOnto:Indicator.

ESOnto:CICESNP1 a ESOnto:CICESNutritionalPurpose;

ESOnto:Indicator ESOnto:foodcrop, ESOnto:foddercrop.
ESOnto:CICESEP1 a ESOnto:CICESEnergyPurpose;

ESOnto:Indicator ESOnto:energycrop, ESOnto:textilecrop.

#Foodcrop

ESOnto:foodcropl a  ESOnto:foodcrop;
ESOnto:SPA "10kmE395N327"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "7.39384"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foodcrop2 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE395N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "9.21015"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foodcrop3 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE395N329" " xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "6.54996"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foodcrop4 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE395N330" " xsd:string;
ESOnto:Observationscale "10km".

ESOnto:foodcrop5 a ESOnto:foodcrop;
ESOnto:SPA "10kmE396N327"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "13.98004"""xsd:decimal;
ESOnto:MUnit "ton/yeat".
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ESOnto:foodcrop6 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE396N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "19.2076"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foodcrop7 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE396N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "27.47504""~"xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foodcrop8 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE396N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "94.96227"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foodcrop9 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE397N327"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "2.10891"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foodcropl0 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE397N328" " xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "119.58414"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foodcropll a  ESOnto:foodcrop;
ESOnto:SPA "10kmE397N329" " xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "78.61202"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foodcropl2 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE397N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "98.97304"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foodcropl3 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE398N327"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "4.88411"""xsd:decimal;
ESOnto:MUnit "ton/yeat".
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ESOnto:foodcropl4 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE398N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "12.15981"""xsd:decimal,;
ESOnto:MUnit "ton/yeat".

ESOnto:foodcropl5 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE398N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "48.92246"""xsd:decimal,
ESOnto:MUnit "ton/yeat".

ESOnto:foodcropl6 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE398N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "92.25722"""xsd:decimal,
ESOnto:MUnit "ton/yeat".

ESOnto:foodcropl7 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE399N328" " xsd:string;
ESOnto:Observationscale "10km"

ESOnto:foodcropl8 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE399N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "73.09526"""xsd:decimal,
ESOnto:MUnit "ton/yeat".

ESOnto:foodcrop19 a  ESOnto:foodcrop;
ESOnto:SPA "10kmE399N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "51.97356"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

#Foddercrop

ESOnto:foddercropl a  ESOnto:foddercrop;
ESOnto:SPA "10kmE395N327" " xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "13.7589"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foddercrop2 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE395N328" " xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "17.13882"""xsd:decimal;
ESOnto:MUnit "ton/yeat".
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ESOnto:foddercrop3 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE395N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "12.18856"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foddercrop4 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE395N330"""xsd:string;
ESOnto:Observationscale "10km"

ESOnto:foddercrop5 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE396N327"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "26.01491"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foddercrop6 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE396N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "35.74266"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foddercrop7 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE396N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "51.12722"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foddercrop8 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE396N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "176.71158"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foddercrop9 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE397N327"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "3.92439"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foddercropl0 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE397N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "222.52945""xsd:decimal;
ESOnto:MUnit "ton/yeat".
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ESOnto:foddercropll a  ESOnto:foddercrop;
ESOnto:SPA "10kmE397N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "146.28603"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foddercropl2 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE397N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "184.17505"""xsd:decimal;
ESOnto:MUnit "ton/year".

ESOnto:foddercrop13 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE398N327"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "9.08865"""xsd:decimal;
ESOnto:MUnit "ton/year".

ESOnto:foddercropl4 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE398N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "22.62772"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foddercropl5 a ESOnto:foddercrop;
ESOnto:SPA "10kmE398N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "91.03789"""xsd:decimal,
ESOnto:MUnit "ton/yeat".

ESOnto:foddercropl6 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE398N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "171.67786"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foddercropl7 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE399N328"""xsd:string;
ESOnto:Observationscale "10km"

ESOnto:foddercrop18 a  ESOnto:foddercrop;
ESOnto:SPA "10kmE399N329" " xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "136.02012"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:foddercrop19 a ESOnto:foddercrop;
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ESOnto:SPA "10kmE399N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "96.71556"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

#Energycrop

ESOnto:energycropl a  ESOnto:energycrop;
ESOnto:SPA "10kmE395N327"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.54565"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycrop2 a ESOnto:energycrop;
ESOnto:SPA "10kmE395N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.67969"""xsd:decimal;
ESOnto:MUnit "ton/year".

ESOnto:energycrop3 a  ESOnto:energycrop;
ESOnto:SPA "10kmE395N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.48337"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycrop4 a  ESOnto:energycrop;
ESOnto:SPA "10kmE395N330"""xsd:string;
ESOnto:Observationscale "10km";

ESOnto:energycrop5 a  ESOnto:energycrop;
ESOnto:SPA "10kmE396N327"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "1.0317"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycrop6 a  ESOnto:energycrop;
ESOnto:SPA "10kmE396N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "1.41748"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycrop7 a  ESOnto:energycrop;
ESOnto:SPA "10kmE396N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "2.0276"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycrop8 a  ESOnto:energycrop;
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ESOnto:SPA "10kmE396N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "7.00803"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycrop9 a  ESOnto:energycrop;
ESOnto:SPA "10kmE397N327"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.15563"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycropl0 a ESOnto:energycrop;
ESOnto:SPA "10kmE397N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "8.82508"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycropll a  ESOnto:energycrop;
ESOnto:SPA "10kmE397N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "5.80141"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycropl2 a ESOnto:energycrop;
ESOnto:SPA "10kmE397N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "7.30402"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycropl3 a ESOnto:energycrop;
ESOnto:SPA "10kmE398N327"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.36043"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycropl4 a  ESOnto:energycrop;
ESOnto:SPA "10kmE398N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.89737"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycropl5 a ESOnto:energycrop;
ESOnto:SPA "10kmE398N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "3.61038"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycropl6 a  ESOnto:energycrop;
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ESOnto:SPA "10kmE398N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "6.8084"""xsd:decimal,;
ESOnto:MUnit "ton/yeat".

ESOnto:energycropl7 a ESOnto:energycrop;
ESOnto:SPA "10kmE399N328"""xsd:string;
ESOnto:Observationscale "10km"

ESOnto:energycropl8 a  ESOnto:energycrop;
ESOnto:SPA "10kmE399N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "5.39429"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:energycropl9 a ESOnto:energycrop;
ESOnto:SPA "10kmE399N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "3.83555"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

#Textilecrop

ESOnto:textilecropl a  ESOnto:textilecrop;
ESOnto:SPA "10kmE395N327" " xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.00487"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecrop2 a  ESOnto:textilecrop;
ESOnto:SPA "10kmE395N328" " xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.00607"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecrop3 a  ESOnto:textilecrop;
ESOnto:SPA "10kmE395N329" " xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.00431"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecrop4 a  ESOnto:textilecrop;
ESOnto:SPA "10kmE395N330" " xsd:string;
ESOnto:Observationscale "10km"

ESOnto:textilecrop5 a  ESOnto:textilecrop;
ESOnto:SPA "10kmE396N327"""xsd:string;
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ESOnto:Observationscale "10km";
ESOnto:ESValue "0.00921"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecrop6 a  ESOnto:textilecrop;
ESOnto:SPA "10kmE396N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.01266"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecrop7 a  ESOnto:textilecrop;
ESOnto:SPA "10kmE396N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.01811"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecrop8 a  ESOnto:textilecrop;
ESOnto:SPA "10kmE396N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.06259"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecrop9 a  ESOnto:textilecrop;
ESOnto:SPA "10kmE397N327"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.00139"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecrop10 a ESOnto:textilecrop;
ESOnto:SPA "10kmE397N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.07882"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecropll a  ESOnto:textilecrop;
ESOnto:SPA "10kmE397N329" " xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.05181"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecrop12 a ESOnto:textilecrop;
ESOnto:SPA "10kmE397N330" " xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.06524"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecrop13 a ESOnto:textilecrop;
ESOnto:SPA "10kmE398N327"""xsd:string;
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ESOnto:Observationscale "10km";
ESOnto:ESValue "0.00321"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecropl4 2 ESOnto:textilecrop;
ESOnto:SPA "10kmE398N328"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.00801"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecropl5 a ESOnto:textilecrop;
ESOnto:SPA "10kmE398N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.03224"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecropl6 a  ESOnto:textilecrop;
ESOnto:SPA "10kmE398N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.06081"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecropl7 a ESOnto:textilecrop;
ESOnto:SPA "10kmE399N328"""xsd:string;
ESOnto:Observationscale "10km"

ESOnto:textilecrop18 a  ESOnto:textilecrop;
ESOnto:SPA "10kmE399N329"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.04818"""xsd:decimal;
ESOnto:MUnit "ton/yeat".

ESOnto:textilecrop19 a ESOnto:textilecrop;
ESOnto:SPA "10kmE399N330"""xsd:string;
ESOnto:Observationscale "10km";
ESOnto:ESValue "0.03426"~"xsd:decimal;
ESOnto:MUnit "ton/yeat".
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TEEB Data

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .

@prefix foaf: <http://xmlns.com/foaf/0.1/>.

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#t>.

@prefix ESOnto: <http://webprotege.stanford.edu/ayu#t>.

@prefix ENVO: <http://putl.obolibrary.org/obo/ENVO_01001110#>.
@prefix db: <http://dbpedia.org/ontology/>.

ESOnto:CICESNutritionalPurpose ESOnto:isKindOf ESOnto:CICESBiomass;
ESOnto:EcosystemStructure  ESOnto:Biotic.

ESOnto:CICESEnergyPurpose ESOnto:isKindOf ESOnto:CICESBiomass;
ESOnto:EcosystemStructure  ESOnto:Biotic.
ESOnto:CICESMaterialPurpose ESOnto:isKindOf ESOnto:CICESBiomass;

ESOnto:EcosystemStructure  ESOnto:Biotic.

ESOnto:CICESDesignConstructNewBiologicalEntities  ESOnto:isKindOf ESOnto:CICESGeneticMat
erial;
ESOnto:EcosystemStructure  ESOnto:Biotic.
ESOnto:CICESBreedNew Variety ESOnto:isKindOf ESOnto:CICESGeneticMaterial;
ESOnto:EcosystemStructure  ESOnto:Biotic.
ESOnto:CICESMaintainEstablishPopulation  ESOnto:isKindOf ESOnto:CICESGeneticMaterial;
ESOnto:EcosystemStructure  ESOnto:Biotic.

ESOnto:CICESGeneticMatetrial ESOnto:isKindOf ESOnto:CICESProvisioningService.
ESOnto:CICESBiomass ESOnto:isKindOf ESOnto:CICESProvisioningService.
ESOnto:CICESNutritionalPurpose ESOnto:isKnownAs  ESOnto:MAFood,ESOnto: TEEBFood

ESOnto:CICESMaterialPurpose ESOnto:isKnownAs  ESOnto:MABiochemicalNaturalMedicine
Pharmaceuticals, ESOnto:MAFiber, ESOnto:MAFuel, ESOnto:TEEBMedicinalResource, ESOnto:TEE
BRawMaterial.
ESOnto:CICESEnergyPurpose ESOnto:isKnownAs  ESOnto:MABiochemicalNaturalMedicin
ePharmaceuticals, ESOnto:MAFiber, ESOnto:MAFuel, ESOnto:TEEBMedicinalResource, ESOnto:TE
EBRawMaterial.

ESOnto:MAFood ESOnto:isKindOf ESOnto:MAProvisioningService.
ESOnto:MABiochemicalNaturalMedicinePharmaceuticals ESOnto:isKindOf ESOnto:MAProvisioningS
ervice.

ESOnto:MAFiber ESOnto:isKindOf ESOnto:MAProvisioningService.
ESOnto:MAFuel ESOnto:1sKindOf ESOnto:MAProvisioningService.
ESOnto:TEEBFood ESOnto:isKindOf ESOnto: TEEBProvisioningService.
ESOnto:TEEBMedicinalResource ESOnto:isKindOf ESOnto: TEEBProvisioningService.
ESOnto:TEEBRawMaterial ESOnto:isKindOf ESOnto: TEEBProvisioningService.

ESOnto:TEEB1 a ESOnto: TEEBRawMaterial;
ENVO:Ecosystem  ENVO:Grassland;
db:Place "Netherlands";
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ESOnto:SPA  "Dutch Wadden Sea";
ESOnto:ValuationMethod "Direct market pricing";
ESOnto:ObservationScale  "District";
ESOnto:ESValue "27"""xsd:decimal;
ESOnto:MUnit "Euro/ha/yt".

ESOnto:TEEB2 a ESOnto: TEEBRawMaterial,
ENVO:Ecosystem  ENVO:Woodland;
db:Place "Southern Europe";

ESOnto:SPA  "Northern Mediterranean region";
ESOnto:ValuationMethod "Direct market pricing";
ESOnto:ObservationScale  "Region";
ESOnto:ESValue "67.5"""xsd:decimal;
ESOnto:MUnit "Euro/ha/yt".

ESOnto:TEEB3 a ESOnto: TEEBRawMaterial,
ENVO:Ecosystem  ENVO:Woodland;
db:Place "Southern Europe";

ESOnto:SPA  "Northern Mediterranean region";
ESOnto:ValuationMethod "Benefit Transfer";
ESOnto:ObservationScale  "Region";
ESOnto:ESValue "41"""xsd:decimal;
ESOnto:MUnit "Euro/ha/yt".

ESOnto:TEEB4 a ESOnto:TEEBProvisioningService;
ENVO:Ecosystem  ENVO:Wetland;
db:Place "Europe";

ESOnto:SPA  "Danube floodplains";
ESOnto:ValuationMethod "Benefit Transfer";
ESOnto:ObservationScale  "Region";
ESOnto:ESValue "61"""xsd:decimal,
ESOnto:MUnit "Euro/ha/yt".

ESOnto:TEEB5 a ESOnto: TEEBFood;
ENVO:Ecosystem  ENVO:Estuarie;
db:Place "Netherlands";
ESOnto:SPA  "Dutch Wadden Sea";
ESOnto:ValuationMethod "Direct market pricing";
ESOnto:ObservationScale  "Region";
ESOnto:ESValue "450"""xsd:decimal;
ESOnto:MUnit "USD/ha/yt".

ESOnto:ObservationScale ESOnto:isKindOf ESOnto:Scale.
ESOnto:ProductionScale ESOnto:isKindOf ESOnto:Scale.
ESOnto:BenefitScale ESOnto:isKindOf ESOnto:Scale.
ESOnto:CICESEP1 a ESOnto:CICESEnergyPurpose;
ESOnto:Indicator ESOnto:energycrop, ESOnto:textilecrop.
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