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Preface

ISRIC - World Soil Information has the mission to create and increase the awareness and understanding
of the role of soils in major global issues. As an international institution we inform a wide audience about
the multiple roles of soils in our daily lives; this requires scientific analysis of sound soil information. To
be most useful, all data should be findable, accessible, interoperable, and reusable in compliance with
so-called FAIR principles.

The purpose of this technical report is to give an overview of main procedures and standards in use at
ISRIC — World Soil Information, a regular member of the ICSU World Data System. As a dynamic and
innovative organisation we will issue updated versions of this document when appropriate.

ISRIC is seeking collaboration with national institutes with a mission for soil resource inventories in order
to further develop its world soil information services for the benefit of the international community.

Ir Rik van den Bosch
Director, ISRIC — World Soil Information
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Summary

This report serves to give an overview of main procedures and standards in use at ISRIC — World Soil
Information, regular member of the ICSU World Data System. These cover the whole data /ife cycle from
field sampling to serving quality-assessed soil data to the world community. Consistent procedures and
de facto standards are used to screen (QA/QC) and standardise respectively harmonise the wide range
of soil-related data that have been shared with us for consideration in our world-covering databases and
web services. Ultimately, these processes are aimed at facilitating global data interoperability and
citeability in compliance with FAIR principles: the data should be findable, accessible, interoperable, and
reusable’.
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1 Introduction

ISRIC — World Soil Information is a regular member of the International Council for Science (ICSU) World
Data System (WDS). It has a mission to ‘serve the international community with information about the
world's soil resources to help addressing major global issues.’ This process involves all stages of the
data life cycle from data sampling in the field and laboratory analyses to collation into quality-assessed
databases followed by data standardisation/analysis/modelling and publication of the data. This requires
adoption and development of internationally recognised standards, such as the World Reference Base for
Soil Resources (IUSS Working Group WRB 2015) for international soil correlation.

As indicated by RDA-CODATA (2016), the ‘ability of the research community to share, access, and reuse
data, as well as to integrate data from diverse sources for research, education, and other purposes
requires effective technical, syntactic, semantic, and legal interoperability rules and practices’. An
important aspect here is that data should be ‘Findable, Accessible, Interoperable, and Reusable’ that is
complying with FAIR principles (Wilkinson et a. 2016).

The purpose of this document is to provide an overview of (main) procedures and standards currently in
use at ISRIC. As an international institute dealing with world soil information, with partners, we are
working towards the maintenance and development of new, internationally, recognised standards. For
example, we are proactive in working groups of the International Union of Soil Science (IUSS), the Open
Geospatial Consortium (OGC, Ritchie 2016), GODAN (Global Open Data for Agriculture and Nutrition),
GlobalSoilMap (Arrouays et a/. 2014) and the Global Soil Partnership (Baritz et a/. 2014; FAO-GSP
2014a).

The present document consists of the following, broadly defined, sections that cover successive stages
of the data life cycle:

o Data acquisition (Chapter 2)
o Data management and processing (Chapter 3)
e Serving data (Chapter 4)

e Measures of uncertainty (Chapter 5)

A list of abbreviations, respectively acronyms, is provided in the Appendix. This list also provides the
locator (URL) to the corresponding on-line resources.
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2 Data acquisition

2.1 Field description and soil classification

From its inception, ISRIC (formerly International Soil Museum) has been supporting the initiative of the
FAO concerning international soil characterisation in relation to the development of the FAO-UNESCO Soil
Map of the World (FAO-Unesco 1974; FAO 1988) and its successors (FAO/IIASA/ISRIC/ISSCAS/JRC
2012).

Main procedures currently in use at ISRIC are described in the following documents:
¢ FAO 2006. Guidelines for soil description (Fourth ed.), FAO, Rome, 97 p.
ftp://ftp.fao.org/agl/agll/docs/guidel_soil_descr.pdf

e |USS Working Group WRB 2015. World reference base for soil resources 2014 - International
soil classification system for naming soils and creating legends for soil maps (update 2015).
World Soil Resources Reports 106, Global Soil Partnership, International Union of Soil Sciences,

and Food and Agriculture Organization of the United Nations, Rome, 182 p. http://www.fao.org/3/a-
i3794e.pdf

2.2 Soil sampling and laboratory methods

Until closure of the ISRIC reference laboratory in 2001, the following standards were used for analysing
samples of the ISRIC soil reference collection:

¢ van Reeuwijk LP 2002. Procedures for soil analysis (6th edition). Technical Paper 9, ISRIC,
Wageningen, 81 p. http://www.isric.org/sites/default/files/ISRIC_TechPap09.pdf

Quality control was performed according to:

e van Reeuwijk LP 1998. Guidelines for quality management in soil and plant laboratories, FAQ,
Rome, 143 p. http://www.fao.org/docrep/W7295E,/W7295E00.htm

e WEPAL 2015. Wageningen Evaluating Programmes for Analytical Laboratories (WEPAL).
http://www.wepal.nl/website/about_wepal/History.htm

Since 2010, soil samples collated in conjunction with the ISRIC soil exploration and sampling project
(SOLEX) are sent to the National Soil Survey Center (NRCS), Lincoln NE. These samples are analysed
according to:

o Soil Survey Staff 2011. Soil Survey Laboratory Information Manual (Ver. 2.0). Soil Survey
Investigation Report No. 45, National Soil Survey Center, Soil Survey Laboratory, USDA-NRCS,
Lincoln (NE), 506 p. http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052226.pdf

According to earlier inter-laboratory comparisons, results of the ISRIC and USDA laboratories are
considered to be similar for application at a broad scale (Pleijsier 1989; Vogel 1994).
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e Pleijsier K 1989. Variability in soil data. In: Bouma J and AK Bregt (editors), Land Qualities in
Space and Time. PUDOC, Wageningen, pp 89-98.

o Vogel AW 1994. Comparability of soil analytical data: determinations of cation exchange
capacity, organic carbon, soil reaction, bulk density, and volume percentage of water at

selected pF values by different methods. Work. Pap. 94/07, ISRIC, Wageningen, 37 p.
http://www.isric.org/sites/default/files/isric_report_1994_07.pdf

2.3 Soil monolith preparation

ISRIC maintains the World Soil Museum, presently located on the Wageningen Campus. On display are
some 80 monoliths (Figure 1), representing a selection of our collection of over 1000 monoliths covering
all major soil types of the World (FAO-Unesco 1974; FAO 1988; IUSS Working Group WRB 2015). For
each soil monolith we have sample data, a full profile description, soil chemical and physical data, and
information on the landscape and land-use. Since 2016, this information is managed in WoSIS our central
server database (see Section 3.2).

Procedures for taking and preserving soil monoliths are described in:

e Van Baren JHV and Bomer WCWA 1979. Procedures for the collection and preservation of soil
profiles. Technical Paper 1, International Soil Museum, Wageningen, 30 p.
http://www.isric.org/sites/default/files/ISRIC_TechPap1_UK.pdf

o Bomer WCWA and van Baren JHV 1985. Aspects of the exhibition of soil monoliths and relevant

information (prov. ed.), International Soil Reference and Information Centre (ISRIC), Wageningen,

67 p. http://www.isric.org/sites/default/files/ISRIC_TechPap10.pdf

R

Figure 1. Guided tour through the ISRIC World Soil Museum.
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All samples in the collection have unique barcodes for ease of reference and traceability (Figure 2). New
procedures for the preservation of soil monoliths that use environmentally safe impregnants are being
tested in the ISRIC workshop (Figure 3). Details will be provided in the revised ‘Collection Management
Plan for the World Soil Museum’ and associated documentation (Mantel 2017, pers comm.).
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Figure 3. Testing new water-borne impregnants in the ISRIC workshop.
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3 Data management and processing

3.1 Data archiving

As a World Data Centre, since 1989, we ensure the long-term preservation of our collection of country
documentation (reports, maps and slides), soil specimens (monoliths, samples, thin sections, hand
specimens), as well as geo-referenced databases (point, polygon, and grid). Many of these holdings may
be consulted both on site and on-line.

A substantial section of our soil map collection was digitised in collaboration with JRC-EU in the
framework of the EUDASM project (e.g. Selvarajdou et a/. 2005). Subsequently, a wider range of scanned
reports and HR maps has been made available through the ISRIC on-line library (see Batjes 2007).
Digitisation of the collections is ongoing and new materials® are welcome!

Reports and maps are assigned unique identifiers (ISN) and registered in compliance with the
Wageningen University & Research library management system (http://www.isric.org/explore/library). Since
2016, ISRIC can issue its own unique identifiers (DOI) to reports and databases that result from ISRIC
projects; for this we have an agreement with DataCite, Netherlands?.

We follow the certificates and standards of the ICSU World Data System. These are in accord with FAIR
principles (Susanna-Assunta and Philippe 2016; Wilkinson et a/. 2016). Accordingly, ISRIC World Data
Centre for Soils (WDC-Soils) is listed as a trusted repository in the re3data.org registry (Figure 4).

re2data.or

REGISTRY OF RESEARCH DATA REPOSITORIES

Of o B

http://doi.org/10.17616/R3X01J

World Data Centre for Soils

Figure 4. ISRIC adheres to international standards for research data repositories.

1 http://www.isric.org/explore/share

2 https://mds.datacite.org/
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Preferred and acceptable formats for generating and submitting data are in line with those recommended
by WDS, DANS (2015), and OGC. As a general guideline, according to DANS, file formats best suited for
long-term sustainability and accessibility should be: “frequently used, have open specifications, and be
independent of specific software, developers or vendors’. Different levels of support are provided for the
various file formats depending on whether they are proprietary or open source; see list prepared by
datacentrum.4tu.nl®,

3.2 ISRIC soil information system (point)

In the 1990's the ISIS stand-alone database was specially developed to store data from the ISRIC Soil
Reference collection, originally in dBase format. This collection characterises a selection of monoliths
with morphological, analytical data that represent the main soil reference groups of the World (ISIS 2015;
Kauffman ef a/. 1996; van de Ven and Tempel 1994).

As of 2015 the ISIS holdings are handled in WoSIS (see Section 3. 6), ISRIC’s central server database
(Ribeiro et al. 2015). Standardised datasets served from WoSIS, however, do not (yet) consider the
whole suite of attributes considered in ISIS. The full complement of ISIS holdings, as served from WoSIS,
may be consulted on-line at http://isis.isric.org. Further, the ISIS holdings can be consulted through the ISRIC
virtual soil museum at: http://wsm.isric.org.

3.3 SOTER world soil and terrain database (point, polygon)

SOTER aims to establish a World Soils and Terrain Database, at scale 1:5 M, containing digitised map
units and their attribute data in standardised format. The programme was implemented in 1986 by FAQO,
UNEP and ISRIC, under the aegis of the IUSS, to be carried out in collaboration with a wide range of
national soil institutes. ISRIC played a lead role in methodology development and programme
implementation, and de facfo standard setting (Oldeman and van Engelen 1993; Van Engelen 2011; van
Engelen and Dijkshoorn 2013). SOTER databases provided the soil-geographical basis for large sections
of the Harmonised World Soil Database (FAO/IIASA/ISRIC/ISSCAS/JRC 2012). As of 2015, all SOTER
holdings have been incorporated into WoSIS (Ribeiro ef al. 2015).

SOTER procedures are described in the following manual:

e van Engelen VWP and Dijkshoorn JA 2013. Global and National Soils and Terrain Digital
Databases (SOTER) - Procedures manual (Ver. 2.0). ISRIC Report 2013/04, IUSS, ISRIC and
FAO, Wageningen, 191 p. http://www.isric.org/sites/default/files/isric_report_2013_04.pdf

3 http://researchdata.4tu.nl/fileadmin/editor_upload/File_formats/Digital_Preservation_Support_levels.pdf
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3.4 WISE world soil database (point, grid)

The WISE project, generally known as the ‘World Inventory of Soil property Estimates’ project, has
developed homogenized sets of soil data, linked to a spatial data set, relevant for a wide range of
environmental studies at global scale, such as agro-ecological zoning, assessments of crop production,
soil vulnerability to pollution, soil carbon stocks and change, and soil gaseous emission potentials (Batjes
2016; Batjes and Bridges 1994; Batjes ef a/. 1997; Bouwman et a/. 2002; Maire et al. 2015; Stoorvogel
et al. 2016).

An important element of the WISE project has been to develop consistent procedures for filling gaps in
measured soil (profile) data using taxotransfer rules (Batjes 2003; Batjes ef a/. 1997). These procedures
have also been used to fill soil analytical gaps in primary SOTER databases, thus making thes suited for
modelling applications (Batjes ef a/. 2007). The resulting ‘SOTWIS’ databases also provided the soil
attribute data for large sections of the Harmonised World Soil Database (FAO/IASA/ISRIC/ISSCAS/JRC
2012). As of 2015, the point holdings from WISE have been incorporated into WoSIS (Ribeiro et a.
2015).

References to procedures and standards used for WISE may be found in:

o Batjes NH 2016. Harmonised soil property values for broad-scale modelling (WISE30sec) with

estimates of global soil carbon stocks. Geoderma 269, 61-68.
http://dx.doi.org/10.1016/j.geoderma.2016.01.034

o Batjes NH, A-Adamat R, Bhattacharyya T, Bernoux M, Cerri CEP, Gicheru P, Kamoni P, Milne E,
Pal DK and Rawaijfih Z 2007. Preparation of consistent soil data sets for SOC modelling
purposes: secondary SOTER data sets for four case study areas. Agriculture, Ecosystems and
Environment 122, 26-34. http://dx.doi.org/10.1016/.agee.2007.01.005

¢ Batjes NH, Fischer G, Nachtergaele FO, Stolbovoy VS and van Velthuizen HT 1997. So// data
aerived from WISE for use in global and regional AEZ studies (ver. 1.0). Interim Report IR-97-
025, FAO/ IIASA/ ISRIC, Laxenburg, 27 p. http://www.iiasa.ac.at/Admin/PUB/Documents/IR-97-025.pdf

3.5 Africa soil profile database (point)

The Africa Soil Profiles Database (AfSP) contains soil profile records compiled from a wide range of
sources (Leenaars 2014). The database was compiled in support of the Africa Soil Information System
(AfSIS 2016) in conjunction with the GlobalSoilMap project. Soil attribute values in AfSP are standardised
according to SOTER conventions and validated according to routine rules. As of 2015, the point holdings
from AfSP have been incorporated into WoSIS (Ribeiro et a/. 2015)

References to procedures and standards used for AfSP are provided in:

e Leenaars JGB 2014. Africa Soil Profiles Database - A compilation of georeferenced and
standardised legacy soil profile data for Sub Saharan Africa (version 1.2). Report 2014/01,

Africa Soil Information Service (AfSIS) and ISRIC - World Soil Information, Wageningen, 160 p.
http://www.isric.org/sites/default/files/isric_report_2014_01.pdf
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e Leenaars JGB, Kempen B, van Oostrum AJM and Batjes NH 2014. Africa Soil Profiles Database:
a compilation of georeferenced and standardised legacy soil profile data for Sub-Saharan Africa
In: Arrouays D, N McKenzie, J Hempel, AR de Forge and A McBratney, (editors), GlobalSoilMap -

Basis of the global spatial information system. Taylor & Francis Group, Orléans pp 51-57.
http://tinyurl.com/zppw9mo

3.6 World soil information service (point, grid, polygon)

ISRIC has developed a centralised and user—focused server database, known as ISRIC World Soil
Information Service (WoSIS) that draws on contributions from many data providers. The aims are to:

1. Safeguard world soil data 'as is' (especially for soil legacy data).
2. Share soil data (point, polygon and grid) upon their standardisation and harmonisation.
3. Provide quality-assessed input for a growing range of environmental applications.

WoSIS, a PostgreSQL server database, includes the holdings from all our former stand-alone databases
(see Sections 3.2, 3.3, 3.4 and 3.5). Any duplicate profiles have been removed in the process (Ribeiro et
al. 2015). Subsequently, these holding have been augmented with contributions from a wide range of
international partners (Batjes et al, 2017).

Ultimately, the quality assessed and standardised respectively harmonised 'shared’ data are made
available to the international community through several web services and formats (Batjes ef a/. 2016;
Ribeiro et a/. 2015). An important aspect of WoSIS is the development of consistent procedures for
describing disparate soil analytical method descriptions under a common (de 7acto) standard. This work
is carried out in support of Pillar 5 (Harmonisation) of the Global Soil Partnership (FAO-GSP 2014b). The
initial list of soil properties in WoSIS is based on the GlobalSoilMap (2015) specifications.

References to procedures and standards used for WoSIS are provided in:

« Ribeiro E, Batjes NH, Leenaars JGB, Van Oostrum AJM and Mendes de Jesus J 2015. Towards
the standardization and harmonization of world soil data: Procedures Manual ISRIC World Soll
Information Service (WoSIS version 2.0) Report 2015/03, ISRIC - World Soil Information,
Wageningen, 110 p. http://www.isric.org/sites/default/files/isric_report_2015_03.pdf

¢ Batjes NH, Ribeiro E, Van Oostrum A, Leenaars J and Mendes de Jesus J 2017. WoSIS:

Providing standardised soil profile data for the world. £arth System Science Data 9, 1-4
https://doi.org/10.5194/essd-9-1-2017

Related procedures and standards:

o GlobalSoilMap 2015. Specifications — Tiered GlobalSoilMap products (Release 2.4), 52 p.
https://www.researchgate.net/publication/283156396_The_GlobalSoilMap_project_specifications

e SO 2016. I1SO/TC 190 - Soil quality (standards catalogue), International Organization for
Standardization http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=54328
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3.7 SoilGrids products (grid)

SoilGrids™ predictions are generated at ISRIC — World Soil Information as a result of international
collaboration. SoilGrids™, a system for automated soil mapping based on global soil profile and covariate
data, produces a collection of updatable soil property and class maps of the world. It uses machine
learning and statistics (Hengl et al. 2014; Hengl et al. 2016). Being automated, output can be generated
at various resolutions (e.g. SoilGrids10km, SoilGrids1km, SoilGrids250m, and SoilGrids100m).

SoilGrids layers are available through a web portal with querying and download functionality* (Figure 5).
SoilGrids predictions can also be accessed and queried using the Soil Info® app. In the future, this web
application will also provide additional functionality such as an assessment of regional soil fertilizer
requirements.

SoilGrids is based on Free and Open Source Software (Linux, PHP, Latex, R, GDAL, GRASS, SAGA GIS,
PostgreSQL, Postages, Python, Google Earth, and similar).

SoilGrids™ predictions may be used to support the mapping activities of the Global Soil Partnership,
mainly in data scarce regions (FAO-GSP 2014a; Montanarella and Vargas 2012; Omuto ef a/. 2012).

Detailed information on the procedures and standards used for SoilGrids™ are presented in:

e Hengl T, Mendes de Jesus J, MacMillan RA, Batjes NH, Heuvelink GBM, Ribeiro EC, Samuel-Rosa
A, Kempen B, Leenaars JGB, Walsh MG and Gonzalez MR 2014. SoilGrids1km— global soil

information based on automated mapping. PLoS ONE9, e105992.
http://dx.doi.org/10.1371/journal.pone.0105992

o Hengl T, Mendes de Jesus J, Heuvelink GBM, Ruiperez Gonzalez M, Kilibarda M, Blagotic A,
Shangguan W, Wright MN, Geng X, Bauer-Marschallinger B, Guevara MA, Vargas R, MacMillan
RA, Batjes NH, Leenaars JGB, Wheeler |, Mantel S and Kempen B 2017. SoilGrids250m: Global

gridded soil information based on machine learning. PLoS One (12(2) : e0169748
https://doi.org/10.1371/journal.pone.0169748

4 https://www.soilgrids.org

5 http://www.isric.org/explore/soilinfo
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©SRIC_databases National soil maps are

Figure 5. Screenshot of SoilGrids250m (https://www.soilgrids.org).

4 Serving data

4.1 Data and software policy

ISRIC’s Data and Software Policy governs the use by any user of the ISRIC website and web services.
Recognising the benefits and importance of contributing to the growing international efforts of open data

sharing, ISRIC has adopted the same general data sharing principles as ICSU-WDS, GEO /

GEOSS, GODAN and the INSPIRE directive .

ICSU-WDS data sharing principles:

https://www.icsu-wds.org/services/data-sharing-principles

4.2 Metadata service

Our metadata are managed by a GeoNetwork 3.0 instance that implements the ISO 19115 standard,
defining metadata sections, entities and elements; it characterises and serves datasets and web services
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developed in collaboration with ISRIC. Since 2017, our reference collection of (scanned) maps and
reports is only accessible through the ISRIC Soil Reference library (http://www.isric.org/explore/library); this
facility is hosted by the WUR-Library based on a service level contract.

Figure 6 gives an example of a GeoNetwork search for ‘SOTER'.

Coegoies@®  oaddo@em Categories @@
& Soil and Terrain Database (SOTER) for Malawi E Soil and Terrain Database (SOTER) for Nepal

L

;;;;;

[[]
b4

Figure 6. Example of a GeoNetwork search (http://data.isric.org/).

GeoNetwork provides a Catalogue Web Service (CWS) which is an important part of a Spatial Data
Infrastructure (SDI) and a requirement for interoperability with the Global Earth Observations System of
Systems (GEOSS®) and i ICSU-WDS"’.

4.3 Spatial data infrastructure

ISRIC’s spatial data infrastructure (SDI, Figure 7) is based on open and free OGC standards. As indicated,
it includes a GeoNetwork 3.0 instance providing a better integration between different components of a
SDI (search, description, display and download of data).

With GeoNetwork, a user can search for data content and easily obtain information about a specific
dataset (Figure 8 and 9). The download of data is done directly from this system and allows users to
choose between multiple file formats (e.g. GeoTiff and shapefiles).

6 http://www.geoportal.org/
7 https://www.icsu-wds.org/services/data-portal
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MetaData

Soil layers

| o

& Geoletnork & Geoserver REST
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! }

WebViewers Download to GIS software
(e.g. OpenlLayers, Leaflet) (e.g. ArcGIS, QGIS)

' |

Download/streamlng from Querying based on X, Y data Mobile Phone application
webservice

Figure 7. Serving consistent soil layers to the user community through ISRIC’s spatial data infrastructure

& ISRIC My GeolNetwork catalogue ‘@ Search @ Map

ACDWRB_M_ss| : n x

SoilGrids250m : ACDWRB_M_ss : Grade of a sub-soil being acid e.g. having a pH < 5 and low BS

(0]

© TYPE OF RESOURCES Categories @@ EISRIC
Dataset (1 £ SoilGrids250m : ACDWRB_IM_ss : Grade of a sub-

O TOPICS

soil being acid e.g. having a pH <.
Geoscientific information (1 of 8 sub-s
© KEYWORDS ¥l

A
¢

Acid (1 -

Geostientific information ‘ -

Grade (1

Soilgrids250m (1
© CONTACT FOR THE RESOURCE

ISRIC - Worid Sail... (1 %r | @ &
© PROVIDED BY

My GeoMetwork catalogue (1
© SCALE

Figure 8. Example of a GeoNetwork search (http://data.isric.org/).
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tif
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Download

Add to map
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@ Maps & graphics & Geoscientific information

soilgrids250m
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grade

English
ACDWRB_M_ss
http:ifwww.isric.orglcontent/disclaimer-soilgrids

Open Data Commons Open Database License (ODbL). This means that: You
must attribute any public use of the database, or works preduced from the
database, in the manner specified in the ODbL. For any use or redistnbution
of the database, or works produced from it, you must make clear to others
the license of the database and keep intact any notices on the original
database. Share-Alike: If you publicly use any adapted version of this
database, or works produced from an adapted database, you must also offer
that adapted database under the ODbL. Keep open: If you redistribute
SoilGrids geotifs, or an adapted version of it, then you may use technolegical
measures that restrict the work (such as DRM) as long as you also
redistribute a version without such measures.

&l Overview

- v

@ Spatial extent

© Temporal extent
Publication date
2017-03-10

Period
Sun Jan 01 1950 01:00:00 GMT+0100 W Thu Dec
31 2015 01:00:00 GMT+0100

1+ Provided by
Z2ISRIC

B Updated:

Figure 9. GeoNetwork metadata description and download (http://data.isric.org/).

As part of our SDI (especially for SoilGrids™), point data are served using a REST (Representational State
Transfer) interface (Figure 10). This interace is mainly used for web mobile development where a simple

query using an URL will return formated data that is easly understood by programming languages.
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REST SoilG : :  ISRIC

REST SoilGrids API

These are the supporting pages of Soilgrids REST APl documentation. Here developers can find the
necessary documentation to access the REST interface, query data and download tiles. Developers can
access soil information and values in a simple and straight forward way, without major technical requirements.
For technical support refer to our mailing list.

SoilGrids — soil property and class maps

SoilGrids is a collection of updatable soil property and class maps of the world at a relatively coarse spatial resolution (250 m, 1 km) produced using state-of-the-
art =o0il mapping methods. SoilGrids provides global predictions for number of numeric soil properties (organic carbon, bulk density, CEC, pH, soil texture
fractions and coarse fragments) at seven standard depths (0, 5, 15, 30, 60, 100 and 200 cm); in addition to predictions of depth to bedrock and soil classes
based on the WRE and USDA classification systems. For a complete documentation refer to the SoilGrids homepage.

[More.. ]
Examples of use
SoilGrids REST is currently used to display values of soil properties in the Soilinfo App (spatial query by location) and the SoilGrids.org webmapping interface.
Some example of data query outputs can be found here.

[More.. ]

REST API

REST (representational state transfer) is an easy approach to run web service and the common-joe likes to see the results immediately diplayed on his/her
browser. The common choice for data transfer in mobile development is the AJAX call to some REST interface. The soilgrids REST API will provide support for
developers to access data, query and display it

The current APl is divided into 2 major URIs: point-gquery and download. The first is used to query the data, while the second to download specific tiles of data in
geotiff format. The Description section containg information about CORS, HTTP Verb support and extra service metadata.

More.. ]

¥

Download Query Describe REST

Figure 10. REST website (https://rest.soilgrids.org/).

Point data provided by the REST can be vizualized on the soilinfo app as illustrated in Figure 11.

Resources:

e http://data.isric.org
e http://rest.soilgrids.org
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Soil data query
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Soil classification

Site characteristics
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Graph legend
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0 3.2  Valuelabel outside suitable range
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... View More percent (CLYF percent (CRF ... View More
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- 11 - 10 - a4 18
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14 9 4 16
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15 10 5 15
100 15 100 10 100 5 100 15
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200 15 200 10 2004 06 200 15
Soil texture

fraction sand in

View binre

Figure 11. Example of data served through Soillnfo app (http://rest.soilgrids.org).

4.4 Towards data interoperability

ISRIC is actively contributing to various international activities aimed at ultimately achieving global
interoperability of soil data. Such activities are/were undertaken in conjunction with our eSOTER, AfSIS,
GlobalSoiMap, WoSIS-and Soil Data Facility (GSP-SDF) related work and much progress has been made.
However, concerted work is still needed to bring the various approaches to a common mark-up language
for soils (‘soilML’) under a common standard (Wilson 2016). At present, there are several complementary
efforts to the ISO and OGC work (e.g. GODAN 2016; GS Soil 2008; INSPIRE 2015):

¢ Wilson PL 2016. Global harmonisation and exchange of soil data, SciDataCon 2016: Advancing

the Frontiers of Data in Research, Denver (11-13 September 2016), CO
http://www.scidatacon.org/2016/sessions/50/paper/174/

o Ritchie A 2016. OGC Soil Data Interoperability Experiment, Open Geospatial Consortium, 74 p
https://portal.opengeospatial.org/files/?artifact_id=69896

e IS0 2013. Soil quality — Digital exchange of soil-related data
https://www.iso.org/obp/ui/#iso:std:is0:28258:ed-1:v1:en
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o Pourabdollah A, Leibovici DG, Simms DM, Tempel P, Hallett SH and Jackson MJ 2012. Towards
a standard for soil and terrain data exchange: SoTerML. Computers and Geosciences 45, 270-
283. http://dx.doi.org/10.1016/j.cage0.2011.11.026

o) Measures of uncertainty

All ISRIC databases are submitted to rigorous, routine in-house checks prior to their distribution.
Typically, measures for uncertainty or accuracy assessments are described in technical reports and/or
manuscripts for external peer-review, in compliance with common scientific practice (e.g. Batjes et al.
2017; Hengl et al. 2014; Hengl et al. 2015; Hengl ef al. 2017; Heuvelink 2014). Nonetheless, our
products are unlikely to be free or errors. Users may report potential ‘bugs’ and suggest improvements
in the data or software using various automated procedures, for example through a web-based, Git-
repository hosting service® and several Google groups®.

6 Concluding remarks

We continuously improve the scope and management of our physical collections. Further, our activities
are aimed at facilitating global data interoperability and citeability in compliance with FAIR principles: all
data should be ‘findable, accessible, interoperable, and reusable’.

Newly emerging procedures and standards of relevance to ISRIC's mission and activities will be gradually
incorporated in subsequent releases of this document. Often, these will become new de facto standards
that evolve from long-term international collaboration.
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Appendix Acronyms and web links

AfSIS: Africa Soil Information Service, http://africasoils.net/
AfSP: Africa Soil Profile Database, http://www.isric.org/projects/africa-soil-profiles-database-afsp

AGROVOC: Multilingual agricultural thesaurus, http://aims.fao.org/vest-registry/vocabularies/agrovoc-multilingual-
agricultural-thesaurus

CC: Creative Commons (licences), https://creativecommons.org/

DANS: Data Archiving and Networked Services, https://dans.knaw.nl/en/deposit/information-about-depositing-
data?set_language=en

DataCite: A leading global non-profit organisation that provides persistent identifiers (DOIs) for research
data, https://www.datacite.org/

EUROVOC: EU’'s multilingual thesaurus, http://eurovoc.europa.eu/
FAO: Food and Agriculture Organization of the United Nations, http://www.fao.org

GeoNetwork: Open-source catalogue application to manage spatially referenced resources,
http://geonetwork-opensource.org/

GEOSS: Global Earth Observation System of Systems (GEOSS), http://www.geoportal.org/
GitHub: web-based Git repository hosting service, https://en.wikipedia.org/wiki/GitHub
GODAN: Gobal Open Data for Agriculture & Nutrition, http://www.godan.info/

GSM: GlobalSoilMap, http://www.globalsoilmap.net/

GS Soil: http://inspire.ec.europa.eu/SDICS/gs-soil

GSP: Global Soil Partnership, http://www.fao.org/global-soil-partnership/en/

ICSU: International Council for Science, http://www.icsu.org/

INSPIRE: http://inspire.ec.europa.eu/

INSPIRE, code list register: http://inspire.ec.europa.eu/codelist

ISIS: ISRIC Soil Information Service, http://isis.isric.org

ISO standards catalogue (ISO/TC190 — Soil quality):

http://www.iso.0rg/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=54328
[USS: International Union of Soil Sciences, http://www.iuss.org/
IUSS WG SIS: IUSS Working Group Soil Information Standards, http://www.soilinformationstandards.org/
IUSS WG WRB: IUSS Working Group WRB, http://www.iuss.org/index.php?article_id=516

JRC: Joint Research Cantre — European Commission, http://driver-project.eu/content/jrc-joint-research-centre-
european-commission

NRCS: Natural Resources Conservation Service (USA),
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/nri/

OdBL: Open Database License, http://opendatacommons.org/licenses/odbl/
OGC: Open GeoSpatial Consortium, http://www.opengeospatial.org/

OGC Standards and Supporting Documents: http://www.opengeospatial.org/standards
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http://www.fao.org/global-soil-partnership/en/
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http://inspire.ec.europa.eu/codelist
http://isis.isric.org/
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http://driver-project.eu/content/jrc-joint-research-centre-european-commission
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/nri/
http://opendatacommons.org/licenses/odbl/
http://www.opengeospatial.org/
http://www.opengeospatial.org/standards

0SGeo: Open Source Geospatial Foundation, http://www.osgeo.org
Re3data.org: Registry of Research Data Repositories, http://www.re3data.org/
RDA: Research Data Alliance, https://www.rd-alliance.org/

SDI: Spatial Data Infrastructure, https://en.wikipedia.org/wiki/Spatial_data_infrastructure
SDF: Soil Fata Facility (for the Global Soil Partneship), https://tinyurl.com/ybSaky79

SOIL EXploration and Sampling for Science and Education, http://www.isric.org/projects/soil-exploration-sampling-
sciences-education

SOTER: Soil and Terrain database, http://www.isric.org/projects/soil-and-terrain-database-soter-programme

WDC-Soils: World Data Centre for Soils, a regular member of ICSU-WDS, https://www.icsu-

wds.org/community/membership/regular-members/@@member_view?fid=isric-wdc-soils

WDS: World Data System, an Interdisciplinary Body of the International Council for Science,
https://www.icsu-wds.org/

WISE: World Inventory of Soil Emission Potentials, http://www.isric.org/projects/worldinventory-soil-emission-
potentials-wise

WOSIS: World Soil Information Service, http://www.isric.org/data/wosis

* All URLs last accessed on 25 September 2017,
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