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b)

Figure 19 —Demonstration 3 clients.

Shows GlobalSoilMap Organic Carbon predictions (a) as WMS layers in the Demonstration 1 client and (b)
WCS coverages juxtaposed with CSIRO soil sampling sites in QGIS.

12 Results

This Soil IE successfully met the stated objectives. It developed a core soil information
model, implemented standardized services against the model from a number of different
sources, demonstrated the ability to satisfy the defined use cases, and delivered this [E
engineering report and a set of recommendations to further progress this work.

12.1 Information modeling
The following were discovered during the modeling process.

1. Soil is a complex entity and therefore is often difficult and time consuming to
conceptualize. This is reflected in the existing candidate models: they are either
relatively simple, and defer a lot of the work to implementers, or extensive, but
complex and difficult to comprehend. Both approaches have their limitations.

2. Simple models rely on extension through soft-typing and risk proliferation of
extensions that may not interoperate.

3. Explicit, complex models can be difficult to implement and result in complex and
cumbersome physical implementations.
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4.

When defining a soil data exchange standard, we need to strive for a continuum from
the conceptual to physical models where simplicity and complexity are used
carefully, but not uniformly. For example, by defining an explicit conceptual model
to guide and constrain implementations but using a more flexible physical encoding
utilizing soft/virtual typing. Regardless, the models need to be defined in modules and
developed in increments. Also, for a given application, not every aspect of a soil may
be described, instead the end user will compile a view of the soil using only those
modules that are needed.

The new model developed in the IE is simple, but robust, defining a soil as per the
profile model (a collection of horizons) but reconciling it with the existing OGC
standards baseline by decoupling the profile as a combined soil and soil sampling
artefact. However, while the current model for soil composition (SO_Component)
works well for a description of soil properties according to the GlobalSoilMap
project, it is unlikely to be extensible. A more robust means of describing the material
composition of the soil, and the interaction of those components should be defined.

The use of OM_Observation as a datatype was very useful for annotating property
values with useful provenance and quality metadata, but expensive in terms of
volume of XML generated; not all OM_Observation properties are needed in this
context. An ability to switch between a terse view of an observation (when inline) and
a comprehensive view, when provided as a feature would be valuable.

12.2  Implementation

The following were discovered during implementation.

1.

50

The IE did not have sufficient resources to develop the model further, especially with
the limited time for face-to-face meetings and development work.

Most participants were inexperienced information modelers and this further hampered
the modeling exercise. Future agreement on a standard soil data model will require
increased access to experienced information modelers with capacity to mentor other
participants and soil domain specialists.

The use of Linked Data principles for identification and linking of features was
helpful, simplifying much of the interaction with services on RESTful lines; these
were easily implemented using the PID service.

Participants reported difficulty deploying services. Although the physical model is
relatively simple, implementation was complicated by:

a. Limited experience with web service applications and object relational
mapping techniques;

b. The complexity of mapping from the source database tables to the target
schema; and
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c. The reliability of the application used to provide the service.

5. Simple desktop clients for ‘quick and dirty’ testing of services are rare. WFS 2.0 and
GML Simple Features Level 1 application schema support in GIS tools is poor. When
restructuring the data to provide layer driven GML/GeoJSON formation information
can be lost or compromised.

6. TimeseriesML can be used to deliver soil moisture and rainfall data and WaterML 2.0
can be translated to TimeseriesML 1.0 with minimal effort.

7. As aresult of the IE we believe GML is missing some useful core datatypes:

a. A Measure and Reference range data type (also a known requirement for
geology and groundwater data) to consistently provide interval values; we
expect most schema that work with interpreted/aggregated data would benefit
from such a type; and

b. A register of sampling feature types building on the informative O&M
common sampling features [ISO 19156:2011, clause 10.4] would be useful;
this should be a cross domain vocabulary as features like plots are not unique
to soil, e.g. ecology.

8. There were conceptual difficulties implementing O&M observations. The
‘featureOflnterest’ as used in the O&M Abstract Specification is inconsistently
applied in implementations, representing either the immediate sampling feature or the
ultimate domain specific sampled feature.

9. The use of SKOS for data definitions is well established but they are not well
integrated into the OGC suite of standards. Moving from GML to RDF/XML and
OWS to SPARQL when working with vocabulary data is an irritant for software
engineers. It would also be useful to filter across the GML/SKOS disconnect, for
example a filter to find all features classified with a Concept that also discovers those
classified with its narrower (transitive) concepts. Finally, there are inconsistencies
between RDF implementations, for example comparing RDF from SISSVoc services
and the Linked Data Registry, each uses properties from different namespaces for the
same purpose. At the very least an OGC profile for SKOS/RDF should be defined.

10. The ability to use coverages to provide predictions of the variation in soil properties
in space was expected and proven. In a useful distributed soil information system,
data from soil observation and description services would be used to generate and test
predictions. Further testing is required to investigate and demonstrate the utility of the
IE services in this context.
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12.3 Conclusions

This Interoperability Experiment has shown that the problem of soil data interoperability
can be addressed and the definition of solutions has already been well advanced by
existing initiatives. Overall, the information model defined by the Soil IE:

Matches the conceptual needs of the GlobalSoilMap specification;

Exceeds the coverage of the ISO SoilML, ISO/IUSS and eSoTerML schema;
Is broadly equivalent to the INSPIRE Soil model;

Falls well short of the ANZSoilML model; and

Requires reworking to better allow class and property extensions.

N O B B I O

Future work will need to reconcile the need for a comprehensive and unambiguous
conceptual model and a flexible, lightweight implementation model.

Meanwhile, current technology allows the deployment of web services to support soil
data exchange. The main impediment to progress is the absence of a standards
community that is well enough resourced and mentored to develop the necessary
technical and modeling skills required to develop a model and systems that describe a
complex and nuanced natural resource. A resource that we must describe and understand
in as much detail as possible to ensure we can support the Earth’s human population and
biosphere well into the future.

13 Recommendations

We make the following recommendations for related OGC standards:

1. Create feature or data type to support attributed property values, either by defining an
XML implementation of OM_Observation where all properties except result are
optional, or a new datatype that uses OM_Observation as the pattern for structure.

2. Add a MeasureRangeType to GML Basic Types.

3. Develop best practices for the use of SKOS in OGC services, perhaps including a
GML encoding of SKOS (consistent with ISO 19150-2:2015, clauses 6.2.7 and 6.7.2
[6]) with a view to defining SKOS operators in the Filter Encoding Specification.

4. Change the O&M abstract specification to add ‘samplingStrategy’ to O&M
Observation and restrict ‘featureOfInterest’ for the feature with the observed property
(as per [9], Table 13).

14 Future work

We make the following recommendations for future work.
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1. The OGC establishes a Standards Working Group to undertake the modular
development of a set of abstract and implementation models for soil data in
coordination with activities of the [USS WGSIS and the FAO Global Soil
Partnership (Pillars 5 and 4).

2. An initial task of the SWG would be to review the recommendations of this report
and initiate change requests, or other activities, where appropriate.

3. Initiate a Soil Coverage Interoperability Experiment to test the integration of soil
description, observation, monitoring data (plus other environmental covariates) for
the development of soil property predictions to support farm and environmental
management activities.
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Annex A

Use Cases

Al Use Case 1 — Soil Data Integration

Participants CSIRO (AU), Federation University (AU), ISRIC (NL), Landcare Research (NZ)
Synopsis This use case involves using the soil schema as a canonical structure into which
heterogeneous soil data (for sites, laboratory results and historical reports) formats
are transformed and published. The focus is on data generated by an observation,
or similar process, at a given location. For data that describe interpreted or
modelled data see Use Case 3.
Scope Site registration; soil sampling, observation, classification and mapping;
vocabularies.
Benefits/Value This use case provides a basic mechanism for exchange of soil data which has been
captured for a variety of purposes and is managed in many disparate data systems.
Publication of standardized data services will greatly benefit soil research, analysis
and reporting mechanisms at individual, local, national and international levels.
Objective The objective of this use case is to have a number of different soil data
management organizations delivering a set of agreed soil data services compliant
to an agreed data model. Many applications could then be conceived to access and
utilize this standardized data for a variety of purposes, such as those above. This
would also facilitate:
— Serving soil data so it can be used for commercial purposes such as to inform
farming decisions; and
— Serving soil data so it can be used to determine temporal trends in soil health
for farm and environmental management and reporting.
Actors Human:
— farmer-consultant
— researcher/analyst
— archive manager
Machine:
— portals
— web services
— modeling software
Actions An 'actor' accesses multiple services to determine if soil sampling has:
— occurred in a certain area (such as farm, paddock, region);
— measure certain properties (such as texture, EC, pH, carbon content);
— determined the soil type (soil classification); or
— has been stored as an archived specimen.
Implementation Web Feature Service
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A2 Use Case 2 — Soil Sensor Data

Participants

Horizons Regional Council (NZ), Landcare Research (NZ), USGS (US)

Synopsis

This use-case involves identifying the location of soil monitoring sensors and
accessing dynamic soil properties at these sensor locations as well as related
observations from these sensors to inform farmers, scientists, managers, and the
public about local soil conditions. The test case is the provision of soil moisture
data.

Scope

Site registration; soil monitoring.

Benefits/Value

Soil moisture timeseries data is of particular interest to drought coordinators for
predicting and evaluating drought conditions, to flood forecasters to improve base
conditions used for modeling flood conditions, emergency managers for
controlling wildfires, and farmers to manage crop and pasture irrigation.

Objective

— Serve in-situ soil moisture timeseries data in concert with soil sensor metadata
and soil parameters.

— Serving data aggregated as part of a national monitoring network of in-situ
sensors (e.g. soil moisture monitoring network).

— To deliver a temporal feed of actual soil moisture data using of in-situ, site
probe based data through related services.

Actors

Human:
— drought modelers
— emergency managers
— water resource managers
— flood forecasters
— farmers
Machine:
— portals
— web services

— modeling software

Actions

An actor discovers soil sensors and accesses soil properties at the locations of those
Sensors:

— at one or more depths/depth intervals beneath the surface; or

— as a continuous vertical function for a soil profile or pedon.

An actor accesses related timeseries observations at sensors

Implementation

Sensor Observation Service

Web Feature Service
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A3 Use Case 3 — Soil Property Modeling and Predictions

Participants

CSIRO (AU), ISRIC (NL)

Synopsis

Provision high resolution estimates of functional soil properties across the globe.
These estimates will be provided as coverages describing variation in a property
over a horizontal extent (either at the earth's surface or subsurface intervals) or
vertically (for example continuous variation within a soil profile). An example
application is the provision of the data products generated by participants in the
GlobalSoilMap project (a global map of regularly distributed soil property
predictions over six depth intervals).

Scope

Soil description, classification and mapping.

Benefits/Value

Supports the development and implementation of policies for the management of
the soil resources and to respond to natural resource emergencies (e.g. floods,
droughts, wildfires).

Objective

Serving soil data:
— so it can be used for commercial purposes such as to inform farming decisions;

— for integration into farm management software, then delivering outputs for
monitoring purposes e.g2. phosphorus, management for maximum yields,
subsequent impact;

— for environmental monitoring (e.g. drought monitoring), soil moisture
coverage would fit this;

— aggregated as part of a national monitoring network of in situ sensors (e.g. soil
moisture network); or

— describing vertical variation in soil properties (e.g. profile slices for pH, EC
and organic carbon).

Actors

Human:

— farmer-consultant
— fertilizer company
— researcher

— emergency manager
— natural resource manager
— flood forecaster

— agronomists

— catchment managers
Machine:

— portals

— web services

modeling software
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Actions

An actor accesses multiple services (potentially provided to meet Use Cases 1, 2
and 4) to get input data for a process that will generate the coverages addressed by
this Use Case. An actor may use a pedo-transfer function from Use Case 4 to
generate the coverage.

An actor accesses a service providing a coverage describing the variation in a soil
property:

— across the surface of the earth;

— at one or more depths/depth intervals beneath the surface; and/or

— as a continuous vertical function for a soil profile or pedon.

Implementation

Web Coverage Service
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A4 Use Case 4 — Pedo-transfer Functions

Participants

ISRIC (NL)

Synopsis

Soil pedo-transfer functions (PTF) are predicted functions of certain soil properties
using data from soil surveys and normally used for the purpose of translating
between soil properties, attributes and/or agronomic values. The use case will
focus on running specific functions on soil data obtaining values that were not
measured in the field, new agronomical significant values, soil classification
parameters.

Scope

Soil description, classification.

Benefits/Value

Most soil data is collected for a specific purpose and while some has detailed
analytical results, often only a few properties of interest are analyzed in
laboratories. Pedo-transfer functions allow development of mathematical
relationships between values of different properties, such that the properties of
interest can be estimated from the results of those analyses that are available.

Objective

— Data conversion / harmonization

— New derived soil attributes from field measured

Actors

Human:
— researcher
— agronomists
Machine:
— web services

— modeling software

Actions

An actor accesses multiple services (potentially provided to meet Use Cases 1, 2
and 4) to get input data for a process that will generate the coverages addressed by
this Use Case. An actor may use a pedo-transfer function from Use Case 4 to
generate the coverage.

An actor accesses a service providing a coverage describing the variation in a soil
property:

— across the surface of the earth;

— at one or more depths/depth intervals beneath the surface; and/or

— as a continuous vertical function for a soil profile or pedon.

Implementation

Web Processing Service

Web Feature Service (input)
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Annex B

Soil Information Models

B.1 Australia and New Zealand Soil Mark-up Language (ANZSoilML)

Agencies

CSIRO (Australia); Landcare Research (New Zealand)

Synopsis

ANZSoilML was originally developed in Australia (as OzSoilML) to capture
soil descriptions created according to the Australian Soil and Land Survey Field
Handbook. It was intended to support the exchange of soil description and
laboratory data between Australian state and federal government agencies. The
design of the model made reference to the SoTerML, INSPIRE Soil and ISO
SoilML models.

It became ANZSoilML when it was adopted in NZ, both for data exchange and
also as the conceptual model for the NZ National Soil Data Repository.

This work included the extension of the model to define a profile of
Observations and Measurements to support the GlobalSoilMap.net consortium’s
metadata requirements for the individual cells in its global grid of soil property
predictions.

It is currently at version 2.0.1

Documentation

http://anzsoil.org/anzsoilml/

Scope

Site registration; soil formation, description, sampling, observation,
classification and mapping; vocabularies.

Modeling approach

Comprehensive; hard-typed, additional properties can be provided using related
Observations and Measurements observations.

Imported models

Observations and Measurements 2.0 (sampling and observation data) and
GeoSciML 3.1 (extends Earth Material for soil material descriptions).

Accessibility Publically available.

XML Schema http://anzsoil.org/def/schema/

Implementation Medium-high. Complex model requires skilled/experienced technical staff
readiness (database and service configuration).

Implementation Yes
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Figure B.1 — Australia and New Zealand Soil Mark-up Language overview
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B.2 e-SOTER Soil and Terrain Mark-up Language (SoTerML)

Agencies

ISRIC (Netherlands); University of Miskolc (Hungary); BGR (Germany); JRC
(EU); Cranfield University (UK); Szent Istvan University (Hungary); Scilands
GmbH (Germany); INRA (France); University of Nottingham (UK); Czech
University of Lfe Sciences (Czech Republic); Chinese Academy of Sciences
(China); INRA-Maroc (Morocco); Wageningen University (Netherlands)

Synopsis

“The e-SOTER project aims at providing web services for soil and terrain data
based on [...] quantitative mapping of landforms; soil parent material and soil
attribute characterisation using pattern recognition on remote sensing data; and
standardisation of methods and measures of soil attributes to convert legacy data.”

“The design of SoTerML had to take into account two competing aspects. The first
is the various soil attribute data profiles or classifications already used in SOTER
databases. The three main data designs are: the SOTER profile (Oldeman and van
Engelen, 1993) [9], WRB (2006) (World Reference Base of Soil Resources) (WRB,
2006) [8] and the FAO classification schemas (FAO, 1988) [2]. The second aspect is
related to the interoperability developments led by OGC (Open Geospatial
Consortium) concerning geographical datasets. On the one hand the goal is to be
able to facilitate understanding and transfer from existing formats and data models,
whilst on the other the aim is to provide exchange of datasets necessitating
harmonisation and standardisation with compliancy to existing standards.”

“The approach in designing SoTerML data attributes was to incorporate as much
flexibility and reuse as possible. Different elements in the class hierarchy of
SoTerML require attributes to be associated with them without restricting their
numbers or their data types or specificities.”

From: http.//dx.doi.org/10.1016/j.cageo.2011.11.026

Documentation

http://www.esoter.net/content/standards-and-services-soil-and-terrain-data-
exchange-soterml

Scope

Site registration; soil formation, description, sampling, observation, classification
and mapping.

Modeling approach

Framework; soft-typed, no soil properties specified — added using a structured
attribute data type.

Imported models

None

Accessibility

Publically available.

XML Schema

http://www.isric.org/specification/SoTerML.xsd

Implementation
readiness

Medium. Requires development of property lists.

Implementation

Yes
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Figure B.2 — Soil and Terrain Mark-Up Language (SoTerML) overview
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B.3 INSPIRE D2.8.111.3 Data Specification on Soil (INSPIRE Soil)

Agencies

INSPIRE Thematic Working Group, Soil

Synopsis

“Based on the definition given by the Directive (2007/2/EC), the scope for the soil
theme covers:

a) Soil inventories, providing one-off assessments of soil conditions and/or
soil properties at certain locations and at a specific point in time, and allow
soil monitoring, providing a series of assessments showing how soil
conditions and/or properties change over time.

b) Soil mapping, providing a spatial presentation of the properties linked to
the soils, including soil types; typically, soil maps are derived with the help
of data available in soil inventories.

Also other soil related information derived from soil properties, possibly in
combination with non-soil data are within the scope.”

From: see Documentation.

Documentation

http://inspire.ec.europa.eu/documents/Data_Specifications/INSPIRE DataSpecificat
ion_SO v3.0rc3.pdf

Scope

Site registration; soil description, sampling, observation, classification and mapping;
vocabularies.

Modeling approach

Targeted; ‘essential’ properties are hard-typed, all others soft-typed — values
provided using associated O&M observations (certain properties are from defined
code lists that may be extended).

Imported models

Observations and Measurements 2.0 (sampling and observation data).

Accessibility Publically available.

XML Schema http://inspire.ec.europa.cu/schemas/so/
Implementation Medium. Requires development of property lists.
readiness

Implementation Yes
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Figure B.3 — INSPIRE D2.8.111.3 Data Specification on Soil overview
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B.4 ISO 28258:2013 Soil quality — Digital exchange of soil-related data (SoilML)

Agencies

ISO Technical Committee 190 (ISO/TC 190)

Synopsis

“This International Standard contains definitions of features, several parameter
specifications and encoding rules that allow consistent and retrievable data
exchange. It also allows the explicit geo-referencing of soil data by building on
other International Standards, thus facilitating the use of soil data within
geographical information systems (GIS). Because soil data are of various origins
and are obtained according to a huge variety of description and classification
systems, this International Standard provides no property catalogue, but a
flexible approach to the unified encoding of soil data by implementing the
provisions of ISO 19156 observations and measurements (OM) for use in soil
science.”

From: https://www.iso.org/obp/ui/ttiso:std:iso:28258:ed-1:v1:en

Documentation

https://www.iso.org/obp/ui/#!iso:std:44595:en

Scope

Site registration; soil sampling, observation, classification and mapping.

Modeling approach

Framework; soft-typed, no soil properties specified — added by creating
application schema that extend this model.

Imported models

Observations and Measurements 2.0 (sampling and observation data).

Accessibility Restricted, charge for access.

XML Schema No normative instance (example in informative annex to the standard)
Implementation Low. Requires development of schema to extend the model and define
readiness properties; no available core GML schema (see above).
Implementation Yes (portal specific extension)

B.5S TUSS/ISO ‘Wageningen Proposal’

Agencies International Union of Soil Sciences Working Group — Soil Information
Standards (IUSS WG-SIS); ISO Technical Committee 190 (ISO/TC 190)

Synopsis This model was developed to draft stage by representatives of [USS WG-SIS
and ISO/TC 190. It extends the scope of the ISO 28258:2013 model and
addresses known issues. At this stage it has a similar scope to, and is subject to
the limitations of, the ISO 28258:2013 model but with reorganized classes
relating to soil profiles and descriptions.

Documentation Contact: Peter Wilson, Chair, IUSS WG-SIS (Peter. Wilson@csiro.au)

Scope Site registration; soil sampling, observation, classification and mapping;
vocabularies.

Modeling approach Framework; soft-typed, no soil properties specified.

Imported models

Observations and Measurements 2.0 (sampling and observation data).

Accessibility Restricted, draft.

XML Schema None.

Implementation Low. Incomplete; no properties; no GML schema.
readiness

Implementation No
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Annex C

Utility Classes

A set of utility classes was defined in this model to provide placeholders for complex
data types and classes (Figure C.1). Wherever possible the semantics of these classes was
aligned with their equivalents in the ISO19100 series. Definitions are included in Table
C.1.

class utility classes /

Feature Timelnstant Measure +unilOfMeasu:re ConceptReference
+ identifier: String [1..*] + value: Number 0.1

name: String [0..*]
+ description: String [0..1] +begin 1 +end 1 +begin 1 +end 1 0.*

+

+reference\|/ 1

«union» TimePeriod MeasureRange Concept
Location

+ position: Geometry -
+ address: String +member/[\0..

+scheme\[/ 1

ConceptScheme
Any Party Geometry

I

PropertyType Quality | ]

“ i 1

NamedValue VerticalDatum Line ’ Surface

Figure C.1 — Conceptual utility class model
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Table C.1 — Utility class definitions.

Class Definition

Feature as per General Feature Model.

Any a wildcard class used when the target class is not known.

Timelnstant an identifiable position in time. Timelnstants are used to mark the beginning or
end of a TimePeriod.

Measure a quantity value with a unit of measure. Measures are used to mark the beginning
or end of a MeasureRange.

Concept a term with a definition that is accessed via a ConceptReference and organized
into a ConceptScheme.

Party an individual or organization.

Location a location of a Feature specified using an address or geometry.

PropertyType a property of a Feature.

Quality a representation of the quality of a value. A Quality could be expressed as a
category (for example ‘poor’) or a representation of uncertainty (for example a
probability distribution curve).

NamedValue a soft-typed property value pair.

VerticalDatum the elevation used as the datum for height related measurements.

Geometry a set of geometric primitives including Points, Lines, Polygons, Surfaces and

Solids.
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Annex D

Demonstration Client Workflows

D.1 Demonstration 1: Landcare Research
Step | Description Components Feature/Resource Type
1 Home, map of soil sites WES sams:SF_SpatialSamplingFeature

Implemented using a bounding box (based on the map extent) filtered WE'S GetFeature request.

2 Click on link for individual sampling PID Service; sams:SF_SpatialSamplingFeature
feature to view full site description. WES

Choice: click on link to view specimens
taken at the site (step 3) or the description
of the soil at the site (step 4)

Implemented using an HTTP GET request to the feature URI (provided as an @xlink:href value).
The PID service redirects the client to a WES request to a service that serves the feature instance.

3 View list of specimens at the site PID Service; sams:SF_SpatialSamplingFeature
WFS

Implemented as per Step 2.

3.1 Click on a link to view an individual PID Service; spec:SF_Specimen,;
specimen and its related observations. WEFS om:OM_Observation

Implemented as per Step 2.

3.2 | Hover over an observed property or PID Service; skos:Concept
procedure value to view a definition. Linked Data
Registry

Implemented using an HTTP GET request to the Concept URI (provided as an @xlink:href value).
The PID service redirects the client to the Linked Data Registry which responds with data encoded
according to the MIME type specified in the original GET request’s HTTP Accept header.

4 View soil description WFS soil:SO_Soil

Implemented as per Step 2.

4.1 Hover over a drainage class value to view | PID Service; skos:Concept
a definition. Linked Data
Registry

Implemented as per Step 3.2.
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4.2 Click on a link to view an individual soil | PID Service; $0il:SO_SoilHorizon
horizon WES
Implemented as per Step 2.

43 Hover over a soil texture, particle size PID Service; skos:Concept

class, observed property or procedure
value to view a definition.

Linked Data
Registry

Implemented as per Step 3.2.
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D.2 Demonstration 2: Federation University of Australia
D.2.1 Map Selection

Step | Description Components Feature/Resource Type

1 Home, map of soil sampling sites WES sams:SF_SpatialSamplingFeature

UCL1 | Implemented using a bounding box (based on the map extent) filtered WFS GetFeature request.
GML Features are converted to GeoJSON objects before being drawn as markers.

2 Click on a site to view the individual PID Service; spec:SF_Specimen
samples taken at this location. WEFS
Choice (for each specimen) : click on link
to view the sampled soil horizon (step 3)
or the observations made against the
specimen (step 4)

UCL1 | Implemented using an HTTP GET request to the feature URI (provided as an @xlink:href value).
The PID service redirects the client to a WES request to a service that serves the feature instance.

3 Click on the sampled horizon link for PID Service; soil:SO_Horizon
individual specimens at each site to view | WFS
the related horizon description.

UC1 | Implemented as per Step 2.

3.1 Click on a link to view the summary of PID Service; soil:SO_Soil
the description of the soil at the site. WES
(Click ‘Back’ button when finished.)

UC1 | Implemented as per Step 2.

3.2 Click on the ‘Derive additional properties | WPS; PID soil:SO_Horizon
(WPS)’ button to generate additional soil | Service; WFS
properties (soil wilting point, field
capacity and bulk density)

UC4 | A WPS Execute request is sent to the ISRIC WPS, the target soil horizon URI is a parameter value.
The WPS dereferences the URI as per Step 2, runs the process on the horizon data and returns the
set of property values as a soil:soParticleSizeDistribution element in a wps:Output.

4 Click on the link to view all related PID Service; om:OM_Observation
specimen observations, WES
Implemented as per Step 2.
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Step | Description Components Feature/Resource Type
1 Home, map of soil sampling sites WES sams:SF_SpatialSamplingFeature
UCL1 | Implemented using a bounding box (based on the map extent) filtered WFS GetFeature request.
GML Features are converted to GeoJSON objects before being drawn as markers.
2 Click on ‘Soil Property Query’ menu Client N/A
button.
Select the feature type (observation or
soil horizon); depth (if horizon); target
service provider; and property (bulk
density, organic carbon, pH, electrical
conductivity or effective cation exchange
capacity).
Enter a value with an appropriate
comparison operator (<, >, =).
UC1 | Implemented using an HTTP POST request to the target server(s) that contains an XML encoded
WES GetFeature request including an appropriate ows:Filter element.
3 Explore the result set as per steps 2 to 4 PID Service; s0il:SO_Horizon
above. WFS
UC1 | Implemented as per Steps 2 to 4 above.
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D.3 Demonstration 3: Landcare Research
Step | Description Components Feature/Resource Type
1 Select data provider and monitoring Client N/A
station.
Configures the service to make a GetObservation request to an appropriate SOS endpoint for the
defined feature of interest.
Site locations were taken from cached data due to difficulties getting monitoring site data from the
SOS instances used for this demonstration.
2 Draw graphs of time variation of soil XSLT om:OM_Observation/om:result:
Ir'loisture and rainfall measures at selected | Mediator; SOS tsml:TimeseriesTVP or
siie. tsml:TimeseriesDomainRange
Implemented using SOS GetObservation requests for each of the observed properties.
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Annex E

GML Instance Documents

Example GML XML Schema Documents (XSD) and instance documents are published
in the OGC Soil Data IE GitHub Repository.

SoillEML Schema Document:

https://github.com/opengeospatial/SoilDatalE/schema/soil-data-ie.xsd

Instance documents:

https://github.com/opengeospatial/SoilDatalE/examples/
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