S0ilGrids250m and Soillnfo App:

providing public access to soil information
across borders

A AT A e b O S Ll i i ,.: T _"E| . 1!;.[__",' ; '-':--'I Paiifin ‘.'-w
Bl :*‘"i"'ﬁ
£ SRS b Ay 5l =0 ke TEAREE L S S M ,ﬁ:"\{\
55 i iy ar - : ]j
M World Soil Information
T . : -

T. (Tom) Hengl <tom.hengl@isric.org>


mailto:tom.hengl@isric.org

SOILGRIDS

A system for automated global soil mapping

www.sollgrids.org




Thanks to:

e ISRIC staff:

Jorge Mendes de Jesus, Maria Ruiperez Gonzalez, Bas
Kempen, Robert McMillan, Niels Batjes, Eloi Ribeiro, Gerard
Heuvelink, Johan Leenaars and others

e GlLab (Belgrade):
Aleksander Blagotic, Milan Kilibarda

e External collaborators:

Mario Antonio Guevarra (University of Delaware), Amanda
Ramcharan (Penn State University), David Rossiter ...

- i World Soil Information

gr=

g e




Big thanks to:

O NRCS

Natural
Resources
Conservation
Service

USGS

science for a changing world




ATSIS project

Bill & Melinda Gates
Foundation BILL#MELINDA

Business Operation

Bill & Melinda Gates Foundation is one of the
largest private foundations in the world, founded
by Bill and Melinda Gates. It was launched in
2000 and is said to be the largest transparently
operated private foundation in the world.
Wikipedia

Nonprofit category: Private Grantmaking Foundations
Founded: 2000

Assets: 36.79 billion USD (2010)

Income: 53 billion USD (2010)

Founders: Melinda Gates, Bill Gates




Also thanks to:

Center for International Forestry Research

UN-RED

PROGRA E
43 £ vy
Food and Agriculture \"?A%-
Organization of the g_,"gy
United Nations e
D[P} UNEP
Empimmed i
fepvtent netons

The United Nations Collaborative Programme
on Reducing Emissions from Deforestation ;
and Forest Degradation in Developing Countries = »




A bit of history




Why SoilGrids?

FAO-UNESCO
Soil Map of the
World

5km [:
Pixel size HH“‘“*{:}

......
.

-----

vi.l v1.2
1km -—
250 m -
100 m -
- [ [ | | I [ |
1970 1980 1990 2000 2010 2020

2030



Why SoilGrids?

FAO-UNESCO
Soil Map of the
World

5km D
Pixel size T D

......
.

-----

vil v1.2
1km —
250 m —
100m .| GlobalSoilMap
- | | [ I I | I
1970 1980 1990 2000 2010 2020 2030




Home = Science Magazine = 7 August 2009 = Sanchez et al, 325 {5941): 680-681

Article Views

* Summary

¥ Full Text

* Full Text (PDF)

¥ Supporting Online
Material

Article Tools

' Save to My Folders
* Download Citation

¥ Alert Me When Article is
Cited

* Post to CiteULike

¥ Article Usage Statistics
* E-mail This Page

* Rights & Permissions

¥ Commercial Reprints and
E-Prints

* View PubMed Citation

Related Content

* Load related web site
information

Similar Articles In:

mocess ' Spience Magazine

* Web of Science

* PublMed

g m

B ommemls oo e & omly e

Science T August 2009
Vol. 325 no. 5941 pp. 680-681
DOl 10.1126/science 1175084

¢ Prev | Table of Contents | Next »

POLICY FORUM

ENVIRONMENTAL SCIENCE
Digital Soil Map of the World

Pedro A. Sanchezl’f, Sonya Ahamedl, Florence Carréz, Alfred E. Har‘teminké, Jonathan Hempel‘—‘, Jeroen Huisingé,

Philippe Lagacherieﬁ, Alex B. M::Eratneyz, Neil J. McKenzieﬁ, Maria de Lourdes Mendnng:a—Santnsﬂ,

Budiman Minasnyz, Luca Mnntanarella;, Peter Dknthé, Cheryl A. F'alml, Jeffrey D. Sachsl, Keith D. Shepherdm,
Tor-Gunnar \fégenm, Bernard 1'n.n"anlau'u'maé, Markus G. Walshl, Leigh A. Winowieckil and Gan-Lin ZhangH

Earth Institute at Columbia University, 61 Route 9V, Palisades, NY 10964, USA.

2 joint Research Centre, European Commission, 21020 Ispra, VA, ltaly.

3ISRIC-World Soil Information, 6700 AJ, Wageningen, Netherlands.

“National Soil Survey Center, U.S. Department of Agriculture Natural Resources Conservation Service, Lincoln, NE 68508,
USA.

5Trr:npit: al Soil Biclegy and Fertility Institute of the International Center for Tropical Agriculture, Post Office Box 30677, Nairobi,
Kenya.

B aboratoire d'Etude des Interactions Sols-Agrosystemes-Hydrosystémes, L'Institut National pour la Recherche
Agronomique, Institut de Recherche pour Développement, SupAgro, 34060 Montpellier 1, France.

TFac ulty of Agriculture, Food and Matural Resources, The University of Sydney, Sydney, NSW 2006, Ausfralia.

Commoenwealth Scientific and Industrial Research Organization (CSIRO) Land and Water, Government Post Office Box
1666, Canberra, ACT, 2601, Australia.

YEMBRAPA—Brazilian Agricultural Research Corporation, The National Center of Soil Research, Rua Jardim Botanico, 1024,
22.460-000, Rio de Janeiro, Brazil.

1Bworld Agroforestry Centre, Post Office Box 306877-00100, Nairchi 00100, Kenya.

Nstate Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science of the Chinese Academy of Sciences,
*Nanjing, China.
Author for correspondence. E-mail: psanchez{at}ei.columbia.edu

Soils are increasingly recognized as major contributors to ecosystem services such as food production and climate
regulation (1, 2), and demand for up-to-date and relevant soil information is soaring. But communicating such
information among diverse audiences remains challenging because of inconsistent use of technical jargon, and
outdated, imprecise methods. Also, spatial resolutions of soil maps for most parts of the world are too low to help
with practical land management. While other earth sciences (e.g., climatology, geology) have become more
quantitative and have taken advantage of the digital revolution, conventional soil mapping delineates space mostly
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Rome, FAO (Gerda Verburg twitter)

SoilGrids were
officially
launched on
4th of Dec
2013 at FAOQ,
Rome
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https://twitter.com/GerdaVerburg/status/408566672040013824
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Global Soil Information Facilities

SoilGrids

Global Soil
Information
Facilities

ISRIC

\ 4
Query soll data

= Dominant, 2" and 39 soll type
= Nutrient status (e.g. soll organic carbon stock)

Soillnfo App '
= Soll property-depth curves (with confidence
’ e Intervals)

Spatial

; : = Avallable water capacity
location (site)

=  Current and past land use

GPS-enabled mobile phone = Closest soil data provider / agricultural
extension service



SoilGrids1km: criticism

e Artifacts (mainly propagating from HWSD)

e Some soil properties are smoothed-out (regression
only) over-prediction of low values (Organic carbon) /
under-prediction of high values (see e.g. doi: 10.1016
/j.geoderma.2015.08.035)

e Only linear soil property-depth relationships

e No predictions for deserts (are deserts soil bodies?)
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Predictions soil org. carbon (1km vs 250m)
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SoilGrids — Soillnfo App
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Soil Wiki

GBIF's vision: "A world in which
biodiversity information is freely and
universally available for science,
society and a sustainable future.”

GSIF’s vision: .. soil information ...”
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Aspect

SoilGrids1km

SoilGrids250m

Spatial resolution

1000

250 (16 x bigger)

Input point data

ca 100,000 points

ca 130,000 with points also in
Russian Federation,
Artic/Antartic

Covariates

ca 70 unique

ca 150 (2 x more)

Prediction domain (soil mask)

excludes deserts, permanent
ice

excludes only permanent ice

Spatial prediction methods

linear regression (no kriging)

machine learning (random
forests, neural networks etc) /
ensemble predictions

Artifacts and

country borders, artifacts and

noise from MODIS products,

artifacts in the geological map
and HWSD

*reduced to minimum

Systematic bias

(over-smoothing) over-
prediction of low value

*to be tested
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This is probably one of the biggest

(statistical) soil mapping projects ever!
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ca 150,000 points shown on this map
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>850,000 measurements of soill
organic carbon



ca 45,000 points shown on this map

FAO World Reference Base
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ca 52,000 points shown on this map
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Soil_Taxonomy |
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General spatial prediction workflow (data-driven)
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SAMPLED
ENVIRONMENTAL
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Results




Model testing

e FAO / USDA Soil taxonomy classes:
o Estimated Cohen Kappa (weighted): 29-40%
o Map purity: 30-40%

e R-square for soil organic carbon, pH, soil textures,
coarse frasments, bulk density (Random Forest

models): 63-82%
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Soil organic carbon
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Soil pH (5-15 cm)
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16 times higher level of detail

ﬁV 30-50% higher accuracy (lower RMSE)
less and less artifacts than vlkm
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Conclusions




1. (Non-linear) machine learning
algorithms show predictive
potential for automated soil

mapping
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2. There is a potential in soil
mapping automation and in
using global soil data models
(to fill-in the data gaps /
transfer knowledge)
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3. SoilGrids could be used to
generate even hundreds of soil

properties (automation is
possible)!
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(Get readv for the
Soil Data Revolution!
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SoilGrids250m

God's Word is like an iceberg-
there is more truth unseen than seen
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Agricultural policy: Govern our solls PhD problems

Luca Montanarella
23 November 2015

Luca Montanarella calls for a voluntary international agreement to protect the ground
beneath our feet from erosion and degradation.

5] PDF | W, Rights & Permissions

Subject terms:  Agriculture - Policy
How to build a better PhD

There are too many PhD students for too few
academic jobs — but with imagination, the problem
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We know more about soils of Mars..
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" than we know about the soils of

Earth” = we need to change this!
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