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Introduction 

These guidelines are aimed at users already familiar with an Ontology1 structure, and its 

definitions of classes, properties and axioms. This document guides the reader through the steps 

of an ontology modeling process to be integrated into a multi-source graph database such as 

NEO4J2. The development of a Soil Ontology is used as an example. It covers the principles of 

modeling to include soil measurements, geocoordinates and units, so that the ontology can 

support data transformation and queries. 

These guidelines result from collaboration between the Varda platform development team and 

the CGIAR Ontology Team.  

Basics about ontology modeling  

This section guides the user through key questions and steps when developing an ontology to 

capture specific dataset semantics.  

Before starting: What should be modeled in the ontology (as classes) vs. what can be 
modelled at the instances level? 

 

1. What do you want to model?  

2. What kind of inferences do you need?  

Note: ‘under-modeling’ is always better than ‘over-modeling’ as the later could 

lead to wrong inferences 

o Locations will have geocoordinates. They can be regions or countries, which could 

be represented either as points or polygons. 

o Region can have soil, a type of soil, etc. 

o Soil will have properties 

3. Who are going to be the main users? 

a. domain experts or not? how many stakeholders? 

4. How many data sources do you want to integrate? 

5. What already exists in terms of ontologies or controlled vocabularies?  

Here we will use the example of  soil ontology that will support the description of soil datasets, 

with the following key elements: Soil, Soil properties, Geolocation 

 

 

 
1 An ontology is a trait dictionary, e.g. The Crop Ontology (CO) - a digital breeding tool providing access to 
validated lists of defined crop traits and variables- (www.cropontology.org). 
2 https://neo4j.com/ 

https://bigdata.cgiar.org/digital-intervention/crop-ontology-2/
https://neo4j.com/
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Selecting the ontology model for representing measurements 

Domain knowledge can be modelled in different ways. There is no “wrong” answer, just 

different ways at looking at a given domain. For instance, several models already exist that 

represent observations and the related measurements (Observation and Measurements, OBOE, 

Basic Formal Ontology, …).  

In this section, two models are proposed that are inspired from existing standards. The objective 

is to get something simple enough to implement it in a graph database (such as NEO4J) that 

doesn’t have a strong inference engine.  

An ontology model is composed of statements (axioms) that describe a domain of interest by 

defining classes and properties as a domain vocabulary. In the examples below: 

• schema axioms describe the domain → TBox (Orange) 

• data axioms express facts → Abox (Blue) 

Basically, there are two ways for modeling information. The modeling can be done at the 

class level (model 1) or at the property level (model 2). 

Model 1—All the types of parameters are created as classes in the ontology. Then an instance 

corresponding to a given measurement in a dataset is linked to a measurement type, which is a 

class in the ontology. In the example below, the ‘meas X’ (= measurement) is exemplified here 

as a type ‘Clay content’.  

 

Model 2 — Each measurement is modelled as an object property. My instance of soil then 'has 

a clay content' - object property - the ‘Clay content’ value that is measured 
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Both models will need all the measurement types to be created as Classes or as Properties. The 

decision to choose between the two models will be based on how you will need to query the 

data, but also on the need to attach more complex information to the class. For instance, in the 

case of modeling measurements as properties, apart from the basic metadata that you can attach 

to the property, you won’t be able to say that measurement x is somehow related to or affects 

measurement y. To represent this type of relation, measurements need to be modelled as classes. 

But in some cases, it is acceptable to represent things as properties.  

Recommendation - The domain should not be modelled exactly after the data. In a dataset, 

measurements likely appear as properties of some things (location, soil, plant, …) but it might 

be better to model them in the ontology as classes, to define more precisely what they are.  

If you add new data sources, the domain (i.e. the classes in the ontology) won't change, e.g. 

soil will always have same properties. When new data are described using different 

vocabularies then you may be led to remove or add axioms (e.g. adding a synonym, linking 

to a new term). You can add axioms in the domain (extend it) without modifying it too much. 

The content will change but not the modeling principles.  

 

Making decision on axioms – what inference do I need? 

When looking at a knowledge domain, it is easy to get carried away, and to want to represent 

everything as precisely as possible within the ontology.  

To decide what kind of axioms are needed, or what terms need to be included, it is good practice 

to look at what semantic standards exist, and look at the data that need to be annotated with the 

ontology. It is also important to look at what different stakeholders might want to harvest from 

the data. 

If we look at the Soil Physics ontology (https://archive.researchdata.leeds.ac.uk/42/), which is 

an Ontology of Soil Properties and Processes, they define a relationship as 'has impact on', 

which is used to present things, such as 'SoilClayMineral 'has an impact on' 

SoilbufferingCapacity', or ‘SoilTemperature’ has impact on and is influenced by 'soil cover'. 

Being able to derive these types of inferences from the data might be useful at some point in 

the process, but might not be an immediate need in terms of integrating several soil datasets 

together. It is important to ask if the influence of the climate or soil cover on soil temperature 

will be useful for the project, or if you will have data on this. Also, modeling complex things 

in a web ontology language (OWL) implies that the database storing the data will be able to 

exploit OWL. For instance, the graph system called DGraph does not have an OWL reasoner. 

In such a situation, other ways to model complex information, if needed, will need to be 

implemented. 

Modeling geolocation information 

‘Geocoordinates’ are important pieces of information that need to be captured. They can be 

represented as a property of a location. At class level, you can indicate ‘Soil’ has a ‘Location’ 

https://archive.researchdata.leeds.ac.uk/42/
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and the ‘Location’ has Geocoordinates. Then, you can use another database to get the location 

names (e.g. Geonames) 

 

 

Proposal - Create a separate ontology for the Geocoordinates and Location, so if new 

locations imply changes, then you just modify the separate location ontology and you refresh 

the import into the Soil ontology. 

 

Recommendation: When modeling you should think about the entire graph and not focus 

on the triple. Looking at the whole graph will provide vision of the links between e.g. a clay 

content and a measurement, a soil type. 

 

Geolocation modeling 

We are looking at modeling the two following use cases. 

Use Cases: 

• For a given geocoordinate, get region/country information 

• For a given geocoordinate, get other points that are in the vicinity of it (even if the 

decimals are not the same) 

Different approaches can be applied as follows. 

Solution 1: Using a reverse geocoding service 

e.g. Google map Geocoding API and Python libraries exist to do this. It means that you send 

geocoordinates and you get the admin levels in return. 

Check guidelines: https://developers.google.com/maps/documentation/geocoding/overview  

Solution 2: using Geonames 

 

Solution 3: Using any geodatabase 

 

https://jena.apache.org/documentation/geosparql
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Graph databases have limitations when dealing with geocoordinates and particularly when these 

have different formats. Apparently, there is no satisfactory solution in NEO4J to handle 

coordinates with different decimals. 

 

Existing Ontologies: Geonames vocabulary and Geosparql 

 

A Geoname Ontology can be opened in Protégé (https://protege.stanford.edu/, open-source tool 

to edit ontologies). It provides a good model. 

 

and properties: 

https://protege.stanford.edu/
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A polygon requires calculations to generate the points of a polygon and this must be embedded 

into the database. The issue affects the querying, not the storing. 

Check the documentation on GEOSPARQL: https://Jena.apache.org/documentation/geosparql   

Jena is a java library integrated in APACHE. Useful to programmatically develop ontologies. 

  

The Query presented hereunder enables returning to a polygon and, with the ‘contain’ property, 

users should indicate: give me all points contained in this ‘box’. ‘Location’ is a shape, and this 

shape has information. If you want to get all points coming from different data sources but are 

located in a given polygon, then you will need a specific SPARQL query. 

 

Filtering functions: 

https://neo4j.com/docs/cypher-manual/current/functions/spatial/
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Geolocation modeling Schema 

During the data import into NEO4J, one solution would be to call an external geo-service to 

send the points you have and get reverse geocoding results. Geo-services are spatially 

referenced web services which make geodata accessible in structured form. Then, you can add 

the admin level information to the data (city, region, country) and store the information. 

The query can then be done in NEO4J on the desired admin level for example. Give me all the 

points located in country X. 

Conclusions 

Modeling latitude and longitude (lat & long) in the ontology will be useful for using a geo 

model in the graph or with an external service. 

Modeling the Polygon (boundaries) in the ontology is necessary.  

Example of a query calling an external service to get values for a given location 

 

Query is: “I send Lat and Long to get the name of the region (ADM1)”. 

Note: Translation of region names: for example, Location names can be provided in various 

languages. GEONAMES provide some translation facility. 

Query in the graph: Give me data located in Bavaria. 

 

Using the location to merge datasets 

In this section, we will illustrate how two datasets from different domains can be merged. For 

that, we will use the soil ontology to annotate soil data, and a crop ontology to annotate crop 

data (crop measurement, growth stage, species/varieties). We recommend having a generic 
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ontology aside from crop and soil ontologies, that can be used to merge datasets that are 

described, and harmonize the generic types to facilitate querying. 

 

 

With this model (illustrated above), ‘Cropx’ and ‘Soilx’ are linked by the location. For a cropx 

located in a given region, we can retrieve information on the crop and also on the soil because 

the two datasets are linked by their common geo-information. 

The Soil and Crop ontologies were both loaded together in the script, along with instances and 

merged into one file to enable query. 

 

 

Get all the data, types and unit. You can get data for both the crop and the soil 

 

and from the crop: 

 

Get all data located in ‘Bayern’. 
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Relying on a generic ontology, which is shared between the two domains, is powerful as it 

makes it possible to query any class in the graph (crop, soil, etc.) that is linked to the same 

geocoordinates. For example, we may need to get the weather stations located in a specific area. 

Get all data from ‘somewhere’ in Germany: 

 

Class country  

 

The ontology resulting from merging the Soil and Crop Ontologies: 

 

To link location and geocoordinates in the Soil ontology, it is necessary to use a SPARQL 

(SPARQL Protocol and RDF Query Language) endpoint, and an Application Programming 
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Interface (API) to get information on the geocoordinates. Use an object property to make the 

link: 

  

Measured vs. predicted values 

Users need to be able to differentiate between measurements that have been measured in the 

field and those that derive from models or other predictive tools. The approach described below 

illustrates two different ways of modeling this type of information in the ontology. Inference 

engines or specific queries can be built on the knowledge represented in the ontology in order 

to derive the expected results: in this case, measured vs predicted values. A similar approach 

can be extended to different type of expected inferences, in different contexts.  

There are two different ways of modeling knowledge to enable differentiating between 

measured and predicted values.  

Solution #1 - Have a dedicated property and pointing to prediction and measurement 

 

Use different properties for the measured vs. predicted values. Instead of using a ‘Has property’ 

to link a soil instance to a measurement instance, use a dedicated one that will have specific 

range ‘has predicted property’ since the range of this property will be defined as a Prediction, 

so everything linked will be a prediction. 

 

 

Solution #2 - Use a data type property with a Boolean, in addition to all information. 

We add a data type property ‘is predicted’, where all predictions would have the property ‘has 

a prediction’ and all measurements would not have this property. 
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The solution #1 is simple where ‘is predicted’ property is defined as ‘object property’. For a 

given ‘soil x location’, several types of measurements and predictions can be done so the user 

should be able to separate the predictive value. The way data is collected or produced is 

different. Therefore, ‘Predictions’ need more information that can be enforced like: 

• the model that generated the data 

• Accuracy of the data 

• Calibration used 

Note: Definition of a prediction in Crop Ontology: A predictive value is a result of a model 

or a spectrum before it is directly observed so information about the model used is important. 

Also noted that recording the calibration will be important. 

In RDF, we can build a shape in a Shape Constraint Language (SHACL; 

https://www.w3.org/TR/shacl/), which is the language for describing and validating RDF 

graphs. It will validate the fact that predicted data that has attached the necessary information. 

All World Wide Web Consortium (W3C) standards have a data validation language built on 

top of RDF to validate data, define constraints. It is possible then to check that the information 

required for a prediction really is in the data you hold, and not in accompanying metadata for 

example. 

 

Soil Depth information 

Another common need is to attach contextual information to a given measurement. For 

example, soil measurements are made at a certain soil depth, or within a specific soil depth 

range. Again, several modeling approaches are possible to fulfill the goal. Two of those are 

described below.  

Model #1 - Easier solution: Create a data property to attach to the ‘soil measurement’  

The measurement has ‘Depth’ and we attach the value ‘Depth value’ as a label – a limitation 

of this model is that ‘Depth value’ is literal (0-5 cm) so the graph cannot be extended further. 

If the label is 0-5cm then it means that the unit is already in the label name and this won’t 

accommodate a data provision from multiple sources as it would assume that all measurements 

are expressed in cm which won’t always be the case. Having the information modelled as a 

literal element will therefore be less efficient for querying the data, as the literal element would 

need to be parsed before being used to filter the data for instance.  

https://www.w3.org/TR/shacl/
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Model #2 - Emphasizing the flexibility for query:  To create a second and contextual 

measurement for Soil depth.  

 Preferred solution to have flexibility in the way you query the data 

 

 

 

 Soil has ‘property measurement’ 

 Measurement X has ‘context’  

 Context measurement will be ‘Soil Depth’ and has its own value and unit 

This solution will lead to a larger and more complex model but powerful for querying the data. 

Model #1 – This model is based on 3 major assumptions: 

a) the way the measurements are done is standardized e.g. always cm 

b) so if the data comes in differing formats, a transformation of the data will be necessary 

prior to upload into NEO4J (or any other database) 

c) can’t directly attach the unit unless you create a new property ‘Depth unit’. It will add 

a lot of information on the node ‘measurement x’ 

Model #2 - Soil Depth as second measurement 

a) It assumes that datasets are/can be very different (units, prediction vs measurements, 

etc.).  

b) In NEO4J create 2 nodes, each having their own properties.  
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c) The example of Soil Depth is a contextual measurement, but the same modeling could 

apply to any sort of contextual measurement 

For example, if your soil-depth data ranges from 0 to 5cm, then this range could be represented 

at the class level in the ontology. Add a class 'soil-depth range'. 

However, data sources will bring different scales like 0-10. Data Transformation won’t always 

be possible (e.g. 0 - 10 vs. 0 - 5). The ontology should provide as much information as possible 

to support a description of data as precisely as possible, letting the scientist decide how to 

manage data with differing scales.  

When data is not present (e.g., no information about the depth of the measurement), the 

ontology will not identify that data does not exist. This information could be in the metadata of 

the data set. It is then possible to add a ‘Data type property’ for ‘soil-depth information 

missing’ 

Management practice 

 

Field management practices are operations applied to the soil that will influence crop yields. 

Users need to answer queries like: “get a management practice linked to a soil at a precise 

location”, or “give me all the points where tillage was done”. 

 

Management practices are created as classes with definition. For an example look at the 

Agronomy Ontology (AgrO) (https://bigdata.cgiar.org/resources/agronomy-ontology/).  

https://bigdata.cgiar.org/resources/agronomy-ontology/
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Instances of a management process: 

• A management process is done at a specific date or has start and end dates. Add the 

‘Timestamp’ in the ontology. In AgrO, which follows the BFO rules (Basic Formal 

Ontology rules - https://obofoundry.org/principles/fp-000-summary.html), a treatment 

is a process so by definition is time-bound. 

• A management process has machinery that can be added. 

Provenance Metadata 

Describes the ‘Source’ of the data: versions, creation date, etc. 

Existing standards allow modeling provenance metadata. 

1. The Dublin Core (DC) Metadata Schema: In DC, the provenance is modelled simply, 

answering the basic questions Who, When How 

(https://www.dublincore.org/specifications/dublin-core/dcmi-terms/ ) 

2. The Provenance Ontology (ProVO) provides a real modeling to provenance information 

- Entity generated by an Activity and has an Agent, with an associated date. Enables 

complex queries and allows to describe complex type of information. 

  

https://obofoundry.org/principles/fp-000-summary.html
https://www.dublincore.org/specifications/dublin-core/dcmi-terms/
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DC Terms for provenance  

 

 

Recommendation 

This information could be stored in a resource description framework (RDF) graph which 

will avoid getting a large graph that links each measurement to the same source. Better to 

create a new node having all provenance information, make it part of the graph and create an 

object property ‘has metadata’ that will lead to the record. It will be possible to query it. 

For each data source all information of this metadata may not be present. So, it is recommended 

to define the properties in the ontology as ‘annotation’ so you can use it when importing the 

data. At each data node, you should have the known elements like the source. Having the info 

at the node level will be useful for a data scientist in accessing information about the source, 

for example: 

Best Practice 

If you want to use an easy Dublin Core (DC) attribute, define it as ‘Annotation properties’ 

and use it at the data import step. At the level of the measurement, you can have 'dc.date' and 

have it linked to the data value. 
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List of DC terms in the Annotation Properties tab of Protégé: 

 

 

 

Adding the information at the Node level: 

 

In the ontology you define the information type but not the value of the information. Each of 

the measurements should have only one source so one value of provenance information. 

Reusing existing standard – the example of the unit ontology 

Looking at the literature we identified two Unit Ontologies (UO) that could be reused in our 
soil ontology. The two ontologies are UO and OM. Will look at how they are modelled, and 
how they can be extended and used in our soil ontology in Protégé. An important need is to 
be able to use the ontology to guide unit conversion. 
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The Unit Ontology (UO) 

 

UO provides some conversion rules and synonyms, but it is not easy to use as conversion rules 

for the data. It contains also some restriction like, for example, cubic meter unit can only be 

used for volume. The Agronomy Ontology (AgrO) uses UO but many gaps were identified 

about units that are widely used in Agriculture. Requests were made to ask for these units but 

it was not yet included. 

Ontology of Units of Measure (WUR) 

Units used in agriculture may not all be present in this one either. UM is more complex to 

support real life use cases. 
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In UM, everything is modeled as instances In Protégé, the example looks like this: 

 

 

 

 

It contains some conversion factors although these are not really useful for our objective. 

The conversion will need to be modelled in the Varda soil ontology, which implies maintaining 

a list of needed units and operations. 



 

19 
Developing an Ontology for a Graph Database in Agriculture: Technical Guidelines. January 2022 

 

 

 Unit conversion  

In the literature, two models have been used to represent unit conversion. 

Generic model 

The following model can be used to model how unit should be modelled in the ontology with 

a clear emphasis of the unit conversion part. 

 

Based on the model, it could be useful to start a new unit ontology for Varda, that will be based 

on an existing ontology that could be extended with missing units as well as a unit conversion 

part. 

OBOE with a ‘unit Conversion’ Class 

In this example, the Extensible Observation Ontology (OBOE) also models the conversion as 

'offset': 

 

Create a class for ‘Acre to square meter’ conversion and a ‘multiplier’. The conversion is at the 

class level. Create a class ' Unit conversion' 

The unit in Protégé is built after some units extracted from the data files. The unit conversion 

was not modelled into the Varda ontology. 
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To model a conversion, you can create a class. For example, you want to create an “Acre to 

MeterSquared conversion” class like in the OBE example. So, column ‘unitID’ is acre and the 

‘ConvertoUnitID’ is meter squared.  

The best is to have a ‘UnitConversion’ class: 

 

and indicate the source unit is ‘Acre’ and target unit is ‘Meter squared’ and ‘multiplier’ 

 

Creating a Unit Ontology based on existing standards 

 

None of the existing ontology was satisfactory, as we found too many gaps. So, one needs to 

develop one’s own ontology. It is still possible to reuse part of the two existing ontologies.  

Recommendations:  

• keep the same Uniform Resource Identifier (URI) and import all metadata attached to 

the URI. 

• Root term should be in your own namespace to support the querying. 

• It is important to have a solution for managing the versioning of your ontology and 

keep metadata attached to the ontology. 

Creation of a new unit ontology in protégé, based on existing standards 

i-Import of UO: 
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All metadata information is imported (synonyms, definitions, links) and some of the properties. 

1. create your own root and namespace 

2. clean – remove classes you do not need either manually or programmatically. It is time-

consuming at the beginning. 

3. Each class keeps its own URI. 

4. Add you units with definitions 

5. Make a first version of it and start using it. 

Import an ontology portion:  

 

Select the ontology 
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Then the ontology is imported. Example of Unit Ontology: 

 

The above steps show how to build an ontology by importing parts of existing ontologies that 

you need. Now the ontology can be extended with new terms, and the new classes related to 

unit conversion.  

Developing a Soil Ontology in Protégé  

Labels were created for all classes: 

 

Focus on ‘Properties ‘class 
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Linked to Properties 

• Soil 

• Soil properties 

• Management also linked to the Soil 

• Substances  

• Unit of Measurements 

Create a new Object property: 'Has property'   

 

with a label ‘has property’ 
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Define the Domain as ‘Soil’ and Range as ‘Property’: 

 

Objective: How to differentiate a real Measurement from a Prediction? A Prediction 

Class needs to be created and precisely defined in the ontology. The information of what is 

a prediction versus a measurement is not directly stated as such in the data, but it is a user 

requirement, as it is important for a scientist using the data to be able to treat them differently. 

That is a good example where the domain modelling in the ontology goes beyond what is 

present in the data. A domain ontology should model what is important for users in addition to 

the direct domain knowledge. 

 

We will create a ‘Defined class’ so the property ‘has predictive property’ will be a grouping 

category to group prediction data. Depending on the relation linked, the system will know if 

the data is a prediction or a measurement. 
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Then create a new Object Property: ‘HasPredictedProperty’ with its label 

 

It will go from Domain ‘Soil’ to Ranges ‘Prediction’: 

 

A prediction can have several Data properties: 
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Proposal 

use Dublin Core 'Coverage' that can be spatial or temporal range. 

A Prediction' can have a mean, a pct/accuracy so we create properties: 

 

 

‘Prediction’ and ‘Property’ are placed under ‘Property’: as grouping categories: 

 

For the ‘Prediction’ add a ‘restriction’ like should have an ’AccuracyPct’ that should be an 

integer, should have a mean value: 
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Indicating ‘max 1 xsd:integer’ indicates that it should have one value max. 

‘Soil Properties’  

It can be placed in both under ‘Prediction’ and ‘Measurement’ classes, but this is not correct.  

The reason is that the ‘Soil Property’ subclass inherits of the subclasses of both ‘Prediction’ & 

‘Measurement’ classes e.g. AccuracyPCT and this is wrong for the measurement: 
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Therefore, ‘Measurement’ and ‘Prediction’ are made subclasses of ‘Property’ aside ‘Soil 

Property’: 

 

We create the inverse Property of ‘Has Property’ to enable the distinction between Prediction 

and Measurement: 

 

And indicate it is the reverse of Has Property 
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And we create the inverse Property ‘IsPredictedProperty’: 

 

 

Then we add an Object Property to ‘Prediction’: 

 

Same for Measurement. 

Any Property can be linked to a ‘Unit of measurement’: 
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Now each Soil Property inherited ‘Has_Unit of Measurement’ 

 

To link ‘Soil’ to ‘Soil Management’, we need to create a new Object Property: 

 

A ‘Soil_depth_range’ range property was added under ‘Soil physical property’ 

Then: 
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Add property to link ‘Soil’ to ‘Soil Management Practice’ 

For ‘Soil Depth’ and ‘Soil depth range’ 

 Create New data properties: 

• Top depth 

• Bottom depth 

 

 

If a Property is a ‘Soil Depth range’ then its ‘Soil_Depth_range’ should exactly have a bottom 

depth and top depth: 

 

 

Last, we create an object property ‘has context’ with  
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Proposal 

‘Cation exchange capacity’ is a ‘Chemical Property’ and always comes with a ‘Soil Depth’ 

so the proposal is to put ‘Soil Depth’ directly a sub-class of Property.  And Soil Texture is a 

Physical property’ 

 

So the result is: 

 

 

Note: The Ontology is currently missing all the ‘Soil-Class’; import all classes in the ontology 

 

Each time there is data with new soil property, it will be added into the soil Property Class. 

Checking the Model with Data 

The adopted model provides value, context and unit to the Measurement. 
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Figure 1: final model 

A data import can be performed in Python (https://www.python.org/) for a quick result, loaded 

the file and built triples based on the ontology. The purpose is to transform data into RDF to 

create the instances to check that the model is consistent, and perform as expected. 

 

Steps taken for loading the ontology and data 

1. load the ontology to get all classes, relationships etc. We created this in Protégé to 

avoid recreating this in Python. 

2. Create a Data Dictionary that provides abbreviations with full name 

3. Use ‘rdflib’ library in python 

4. Load and parse the file to create the instances. 

 

 

https://www.python.org/
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The name in the data will be then converted into a URI. We will create a new ttl file. 

 

5.  used the location information from the file to create a Soil instance and that the instance 

has a name and coordinates: 

 

 
6. Then parsed the information for each property: 

 

 

 

Find a source that provides tools to convert into a given unit 

 Check the WUR Unit ontology: 

https://www.wur.nl/nl/product/Ontology-of-units-of-Measure-OM.htm 

Creation of RDF triples 

a. Generate a URI that will be an incremented number (cpt =counter) 

 
 

For example, the URI of ‘silt 5-15cm’ will be #58: 

 

 
 

https://www.wur.nl/nl/product/Ontology-of-units-of-Measure-OM.htm
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b. Attached it to the information needed for a specific soil measurement (like 

in the conceptual model Figure 1: final model) 

 

c. Attach the unit to the measurement 

 

 

d. Link the Soil to the Measurement and it is a Prediction: 

 

A ‘uri_ip’ = Instance Property. 

Add a ‘literal’ so a value will have a ‘Soil-range’ and the category ‘0-5cm’ will be stable.  

Good practice: Avoid creating a range for every property 

 

Attaching all uncertainty and mean values to the measurement: 

 

Every Measurement or Prediction should have a value and a unit, so it applies for a query on 

both a prediction or a measurement. It is important to have a value for each measurement.   
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The statement RDF.value, Literal (mean) translates like hereunder in the ontology for Silt 

measurement: 

 

   

The ‘mean’ value ‘245’ appears in both annotations and property assertion, but this is just to 

attach the real measurement to the property. 

 

Instance ‘Soil Depth’, ‘5-15cm’: 
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Visualization of the results in the ontology 

the script created all the instances in tab 'Individuals' 

The given Soil is represented by the geo coordinates as label and for this soil, we can see all the 

measurement obtained from the data in the right lower window. 

 

When selecting the predicted property ‘Silt 5-15cm,’ we can see the properties in the right 

window: 
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All measurements having a 5-15 cm are visible in the window: 

 

Object, annotation, data properties are all linked to the same URI in the file. You can add as 

many attributes as possible.  

 

The instance of unit was created as we did not have any instance for unit in the ontology, no 

label, so no information about the unit. But to do transformation from one unit to another one, 

you need to model the unit and add information to it and link it to the measurement. So units 

were created as instances. 

Adding a ‘DC:source’ 

 

The DC.source of every URI of the properties will be e.g. ‘Soil Grid’ 

Run the script and check in the ontology the creation of the source ‘Soil Grid’ 
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Note: To add more metadata from Dublin Core, we can add all as shown above or create a new 

URI for the source and the URI will be linked to another URI that has all metadata needed, 

instead of making them data properties. 

Give a 'type' to the measurement. 

Then all knowledge is included in the ontology. 

 

Creating a new ttl file after running the script. 

In annotation properties are all the Dublin Core classes 

  

Every URI of the measurement properties will have a given source. example in ontology 

'Individuals', Silt 0-5 cm has a “DC  source:SoilGrid” 

 

Create the RDF triples from your data and check if the ontology is consistent. Load sample data 

in RDF to check the consistency of the ontology which is a recommended step. 

 

 

For a given soil, you can have both a prediction and a measured value. In the field, you measure 

the clay content so you will only have the unit and the real measured value. You won’t have 

these properties which are for predictions: 
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If you search “give me all ‘Clay content’ in this location”, then if you have predictions and 

measurements, without this duplicated property, you will have to search twice, using separately 

the Mean value and RDF value. With this duplication, you can get all predictions and 

measurements in one query. 

Property 'has context' (line 1393): it means there is relationship between these nodes and why 

are they linked. For example, the link between node 25 and node 2 exists. Without the label 

‘clay 0-5 cm' (line 1386), you would not know at which depth was the measurements done. 

A query can be run about getting all measurements made between 0-5 cm in a given location 

Example when you get predictive and a measured values in same location. The predictive value 

has a much higher GPS resolution than a physical measurement - how to get rid of this 

difference? 

In the ontology the soil is currently represented by the geocoordinates: 

 

It could have been the ‘Location’ instead of the ‘soil’ but if you want to link the management 

practices, it may be better to keep the soil. In the window the decimals are 4 & 6 which comes 

from a prediction and any GPS would have between 2 and 4 decimals, so for a given soil 

location you would have 2 different values. 

Display of the RDF file in the graph 

When loaded in NEO4J using the plugin neo-semantics, classes and instances are created as 

nodes, object properties as relationships, datatype properties and annotation properties are 

created as attributes of a node. 

Sorting out Measurements and Predictions with a reasoner 

Last time we created two classes: 'Measurement' and 'Prediction' so you can run queries to get 

only predictions or only measurements. 
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And we created this property: 

 

 

This with the objective of using a reasoner that will create the instances for us. 

The reasoner will “understand” that the measurement are predictions because we have a 

prediction range for the property. It is not based on the direct data translation but about 

knowledge modeling: 

 

We use 'HermiT' that is provided by Protégé: 

 

Select ‘Start reasoner’  

You select 'inferred' to check that nothing appeared incorrect – would appear in red: 
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Result: instances are automatically classified under class 'Prediction'.  

 

if we select ‘organic carbon density’ it is indicated that it is a ‘prediction’. 

 

 

The reasoner used the property ‘has prediction’ and classified automatically. It is convenient 

for querying the data and only getting predictive values or measured values. The reasoner 

interprets that all these values are prediction because the range of the property is 'Prediction' 
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On the instance/class modeling aspect, if your use case calls on a 'smart' question or action (like 

a unit conversion), then you will need to model things as classes. For example, anything 

measured can have a unit of measurement, and if it is a weight measurement, you want the 

system to allow only weight units such as grams, kilograms, etc. as possible units for this 

measurement. Modeling unit as classes will allow you to do that. This type of knowledge that 

is added to the ontology can later help for some quality check on the data. 

Good practice: for each created class for units, an instance should be created but it multiplies 

the number of triplets – Ontology punning can be used as an approach to reduce this 

phenomenon (see: https://www.w3.org/TR/owl2-new-features/#F12%3A_Punning)  

One objective is to not load in the ontology what is not needed or required by the data & queries. 

A scientific process can be the validation of predictions with measured values and could answer 

a question like: “Give me all measurements made that confirm or inform a prediction?” As soil 

measurements are linked to a location, then this type of query can be asked of the system. 

Note: A unit ontology can directly be imported. 

 

 

you need instances to infer.  Using the reasoner helps confronting the reality of the data and the 

knowledge model. 

Importing data into NEO4J after conversion into RDF 

 

All instances and ontology were loaded in RDF and now it will be imported into NEO4J. 

When you initialize the database, you need to give a graph configuration.  

https://www.w3.org/TR/owl2-new-features/#F12%3A_Punning
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Use ‘HandleRDFTTypes’: it creates a NEO4J label and a node for each type. So it will enable 

to run query like in RDF with SPARQL. Having a representation of the types makes the graph 

bigger but easier to query. 

All resources (instances, classes) must have a unique URI. 

Two Plug-ins to install 

1. APOC to download the data back into RDF. Useful for implementing versioning 

information, can clone a graph or nodes only.  

2. NEO4Jsemantics plug-in, to load RDF directly. 

Creation of the NOE4J Database 

Create the database and configure the graph 

 

 

The Graph is configured. 

As we have classes and instances: use the RDF import to import all triples we have in the 
ontology: 
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Run the import: 

Results: 10,850 triples imported 

 

It is better to see the namespaces on the right. 
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Use of Cypher language with example of queries based on nodes and relationships. 

 

Examples of Queries 

Query #1 

Get the values of all the cation exchange capacity with a soil unit and return the rdfs labels:
  

 

Result: 

 

Query #2 

Get Value of all ‘cation exchange capacity’ with a ‘Soil unit’ of 3 and a context 'soil depth 
range’ with a upper value 20 or bottom <20 ' 

 

Namespaces come from the ontology: 
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` 

At the import, NEO4J maps the ontologies namespace to a ‘nx’ 

 

 

• ‘ns1’ is the Soil Ontology and ‘cation exchange’ is a class attached to the Soil Ontology 

namespace. 

• namespace: (n:ns1_CationExchangeCapacity) :  

• 'ns1_CationExchangeCapacity' is the label of the node in the ontology. NEO4J does the 

map of the label to ns1 

 

Result of the query: 

 

Query #3 

Get values of ‘Cation Exchange Capacity’, measurement with unit or prediction, in 'Germany' 
which is a sub class of 'somewhere' 

SoilGrid Data are tagged with a region with using the Geonames service. 
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Result of the query: 

 

In this graph ‘Somewhere’ is the location and not the geocoordinates which are connected to 

Soil. 

 

• A Thing, which is a Crop, is located somewhere 

• A Crop that has a quality 

• Somewhere has to be in Germany 

• A Product is located somewhere 

The graph shows the crop and the product linked to same location 

 

send the region for a given location.  

Query #4  

Crop and a Product located somewhere in Germany 
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