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http://www.isric.org/content/data-usage-and-citation

Roadmap

ISRIC mission
Standardising/harmonising soil profile data
Automated production of soil property maps
Use of quality-assessed soil information

Spatial data infrastructu
and inter-operability

Concluding remarks
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Simplified representation of ISRIC's workflow & Spatial Data Infrastructure



USER COMMUNITY

Soil Soil Museum
Information & Capacity
Brokering building

Setting Co-creation
Standards & Boosting
& References impact

World Seil Information

‘g World Reference Collection
S
?% Scientific Excellence
® S
© &
%> Soil Data ‘_,q}'
% >
% Q

4R ISRIC

World Soil Infermation

BONARES Conference 2018



HER
User needs vary at different scales

Scale
1: 5,000,000 Global assessments
Regional studies
4 {
1: 250,000 National studies
v
1: 5,000 Spatial planning /
Precision farming
\4 [
1:1 Soil monitoring

‘There is no magic single resolution that serves all purposes’
(HarvestChoice, 2011)

@ I S R I C "wWbDC~ BONARES Conference 2018
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Data provider x

(data model i ; data conventions j ; data licence k)

Workflow for serving quality R
assessed world soil data Store datasetin

ISRIC’s Data Repository

v

Import dataset ‘as is’ into PostgreSQL

WoSIS

Map to standard data model

¢

Standardise data

{

Harmonize data

Distribute standardised data /

B

1ttp://www.isric.org/projects/data-wosis-project



http://www.isric.org/projects/data-wosis-project

Key areas of harmonization

Present focus in

WoSIS

(data derived from
conventional soil survey;
spectral data later)

Soil profile
descriptios
Mapping

Terminology

Samplingand
sample /
processing /
/ T
Quality
assurance
—

Harmonization
of soil data

Land suitability
classification

N\
. -\
Soil quality
Pedotransfer jndicators
functions

GLOBAL SOIL

Interpretatio®

“Providing mechanisms for the collation, analysis and exchange
of consistent and comparable global soil data and information”

World Soil Infermation
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http://www.fao.org/fileadmin/user_upload/GSP/docs/ITPS_Pillars/annexV_pillar5.pdf

Main standardisation steps

« Basic quality control

« Identify repeated profiles

« Attribute names

« Units (incl. conversion factors)

« Measured values

« Analytical method descriptions.

Soil observations and measurements (O&M):
« Feature (georeferenced profiles & layers ; x,y,z
and time)
« Attributes: layer-field (O) or layer-lab (M)
« Method
« Value, including units of expression
Lineage:
« Datasets, reports & maps

ava Cenge, |
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World Soil Information ‘ —
——

Current focus:
GlobalSoilMap
specifications

pH

Qrganic.carbon = -

CEC

BulkDenstty

‘Water Holding Capacity® © © |

- Galcium carbonate equivalent -

Sand, silt; clay fractions. . .- i .|

'Coarse fragments ($2mm; @s’ "
volume percent oﬁ whole soil):

Electrical conductivity

http://www.globalsoilmap.net/specifications



http://www.globalsoilmap.net/specifications

Standardise analytical method descriptions

« Characterise major components of commonly used
analytical methods for measuring a given soil property

« Criteria and coding steps are shown in flowcharts

Procedure
Key ISO? ISRIC® USDA’ WEPAL®
Pretreatment <2 mm <2 mm <2 mm <2 mm
Solution KCI KCI KCI KClI
Concentration 1M 1M 1M 1M
Ratio 1:5 1:2.5 1:1 1:5
Ratio base v/iv w/v w/v v/v
Instrument Electrode Electrode Electrode Electrode

Ribeiro et al., 2018. WoSIS Procedures Manual 2018

BONARES Conference 2018


https://www.isric.online/sites/default/files/isric_report_2018_01.pdf

HE
Harmonise to reference method 'Y’

- Make the data comparable, as if assessed by a single
given (reference) method 'Y".

« No universal equation for converting from one method to
another.

« Need ‘region-specific’ conversions to a given reference
method Y, building on comparative analyses of reference
soil samples (GSP WG5; GLOSOLAN).

Example regression functions for converting values of pH between different methods

No. Target Method (Y) Source Method (X) Equation R2 Reference

1 pH {1:10.01 m CaCl2) pH {1:1 water) wm 1.08(x) - 0.973 0.8 Miller and Kissel [2010)

2 pH {1:10.01 m CaCl2) pH {saturated paste] wm 1,10 (=) -0.923 0.8 Miller and Kissel [2010)

3 pH{1:10.01 m CaCl2) pH {1:2 water) wm 1.05 (%) - 0.950 0.57 Miller and Kissel [(2010)

4 pH |1:1 water] pH {1:1 0.01 m CaCl2} ymx+ 0267 (EC 1:1 WHTEFF-EME 0.99 Miller and Kissel (2010])

5 pH |1:2 water] pH {1:1 0.01 m CaCl2} ymx+0.239(EC 1:1 water}'ﬂﬂs 0.98 Miller and Kissel (2010)

& pH (1:50.01 m CaCl2) pH {1:5 water) wu 1012 (=) - 0.76 0.99 Conyers and Davey (1988)

7 pH{1:50.001 m CaCl2) pH {1:5 water) w0579 («) - 0.71 0.68 Bruce et al., (1989)
@ I : 8 pH (1:50.01 m CaCl2) pH {1:5 water) wu LERT [x) - 0.195% 0,288 Aitken and Moody (1991)
™ g pH (1:50.01 m CaCl2} pH (1:5 water) ym0.197 (x)* - 1.21 {x) + 5.78 Source: GlobalSoilMap

A = IA-C AT e =1 N E T e e—_——_ srmm I GNAS o ™M 9310 B T o T S —



Serve the standardised data

WFS (dynamic):
http.//data.isric.orq/geoserver/wosis_latest/wfs

TEERLRY VRS ARRAQQLV- OB L L AHPLORLER @ % & -
! Layers Panel a%
| A TR IR

v @ MapQuest-osm

Server connections

Connect | | New 2 Delete
] Filter
Title s Name Cache Feature
Allunique profiles wosisprofile ]
Bulk density fine earth wosisigeaserver_bulk_density_fine_earth @
Bulk density whole soil wosis:geoserver_bulk_density_whole_soil ]
Calcium carbonate equivalent to.... wosis:geoserver_calcium_carbonate_equi @
Carbon organic wosisigeaserver_organic_carbon ]
Carbon total wosisigeoserver_total_carbon Modify WFS connection
Coarse fragments gravimetric to... wosis:geoserver_coarse_fragments_gravi @
Coarse fragments volumetric total, wosisigeoserver_coarse_fragments volu... & | Connection detalls
Texture - Clay total wosisgeaserver_clay_total ] Name [wosis
total _sand_total 2
Texture - Silt total wosisigeaserver_sil_total ] URL  [httpy//whs.sric.org/geoserverjwosis/wfs/
gravimetric wiater_retention_gravim. ]
Water retention volumetric wosisigeaserver_water_retention_volum... @ Authentication | Configurations
B pH Cacl2 wosis:geaserver_ph_cacl2 @
pHH20 wosisigeoserver_ph_hzo -1 If the service requires basic authentication, enter a user name and
pHKC wosisigeaserver_ph_kel @ oEcal pheswon
PHNaF wosis.geoserver_ph_naf 2 User name
< 1 | password
@ Use titie for layer name
& Only request features overlapping the current view extent
Help [ T

Coordinate reference system

_ Help | Add | Buildquery || Close

Browser Pa... LayersPa

i ® coordinate: 18595498,17378304 Scale 147,914,387 | v Rotation: 0.0 . @ Render ©@Epsc3ssy(OTF) @

CSV (snapshot): Larth Syst. Sci Data 9, 1-14

Earth Syst. Sci. Data, 9, 1-14, 2017
https://doi.org/10.5194/essd-5-1-2017

© Author(s) 2017. This work is distributed under
the Creative Commons Attribution 3.0 License.

Article

WoSIS: providing standardised soil profile data for the world
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http://www.earth-syst-sci-data.net/9/1/2017/

HER
Distribution of profiles (WoSIS, Feb. 2018)

Normalised and structurally sound
data model serving:
» ~110 thousand geo-referenced
profiles; corresponds with ~30M soil
records of which ~4M have been
standardised so far:
« Bulk density
« Calcium carbonate
« Carbon (Total & Organic)
« Cation exchange capacity
« Coarse fragments
« Electrical conductivity
. pH
« Water retention
« Texture (Sand, Silt, Clay)
X,y z &t « Total Nitrogen
 Available P (different methods)

« Classification. FAO, WRB,
| USDA Soil Taxonomy (year)
« Horizon designation (cleaned only)
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HEN
From points to grids: Digital soil mapping

Geo-Data Model specifications 3-D predictions

Soil profile
measurements

Mass/Depth integrating function(s)

\ Soil properties

Z s
o~ N > "33-""/ . _—
-

X
Scaling/Spatial function(s)

Apply statistical models to predict soil functional properties at
unobserved locations in the landscape: s; = AQ); + e



HER
Fit model(s)

(a) 2 .:? . '.. .
Soil profile e \ .
—> i e . . 150 O- Val‘lates
measurements fe W oo <

(b)

soil map only ordinary
i —> Krigin
predictor ging
G '_‘»"
| L% regression
regression ——p- | 8 : €s
° B3 Kriging

. run model(s) and
.. 1 (cross)validate against
. independent data sets

— O -



HEN
SoilGrids

« Automated soil information system

« Uses profile data and spatial information (covariates)

« Machine learning algorithms

« Presently: 250 m * 250 m resolution (7 depths to 2 m; GSM specs)
« Accessible through web service and mobile phone app

Pl AR
“" g4 _. Anye|g
i Wy ", b-h-

« Updatable

+ Open data " SOILGREIS -@'

« Moving towards crowd- 0,
sourcing

Bv.ckl >
2Ah

Powered by ﬁ I s R Ic

World Soil Information

AR ISRIC “wbor Hengl et al., 2017 PLoS ONE 12, 0169748

World Soil Infermation



http://dx.doi.org/10.1371/journal.pone.0169748

HER
SoilGrids clay content at 15 cm (%) depth

PS5 S = = =X
| Search with ScilGrids, org

Layer options

Layers

Fiiter layars

» Site characteristics o

Bulk density (fine earth) in kg / cubic~-meter

Clay content (0-2 micro meter) mass
fraction in %

Available depths @

15 em v

Coarse fragments volumetric in %

Silt content (2-50 micro meter) mass fraction in
%

Sand content (50-2000 micro meter) mass
fraction in %

» Chemical soil properties o
» Soil classification (TAXNWRB) (2]
» Soil classification (TAXOUSDA) (2]

Cra ne N X ! X e o -
SOILGRIDS | Lis  CABR S Bk, T

4R ISRIC

s World Soil Information

Hengl et al., 2017 PLOS ONE 12, e0169748



http://dx.doi.org/10.1371/journal.pone.0169748

Use of quality-assessed soil information

Data sources

V

Data standard-
isation and
harmopisation

\/

Data a'nalysis

2

Soil information
(maps)

¥
Use of soil

Point data

Spatial data
contributions

contributions

information

World Soil Infermation
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Earth system modelling

(CIMP), Food security, Carbon

sequestration, Land
degradation neutrality, etc.

WoSIS [ | WorldGrids
I database | | coniriatas New Data
‘ T (crowd sourcing;
J ! oy
_ : & - - Soilinfo A
/"~ Web Feature ™\ ( WorldGrids.org ) pp)
_Service (WFS) /
e R packages Model algorithms )
(e.g. GSIF) contributions et A
Spatial :
SoilGrids location (site) -
v v ‘ . y 2
w:' SoilGrids.org D) € Soilinfo App ) ‘\ISRlC Data Hub_ ) ) FTP »‘l
Modelling:

Policy /
Decision
making

________________________

________________________




HEN
Spatial Data Infrastructure

Spatial data repository

£ (300

Catalogue service

x{‘; GeoServer + REST

Spatial data service and
Processing services

- i) =
_,, i P} w

¢

h:c:m://data.i’sric.orq Software client (Desktop GIS, Web mapping, Mobile Apps)
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http://data.isric.org/

o T
Towards a globally distributed system

User Query

GSP
Soil Data .

111 Data Discovery Mechanism |
FaCIIIlJ/ SoilML data exchange ;/ (webportal) SoilML data exchange PG‘I,ROFGIRS\?HT’
Hosted and managed by GSSDIC
e Ve T !
i Distributed Database System ! i Central Data Repository i
i Managed by GSSDIC ! i Hosted, served and maintained by GSSDIC |
| I }
| | :
| . 1
! National / Regional National / Regional \ | / A\ 3
' | soil data contribution soil data contribution | [« > WosIs U |
! SoilML \ SoilML / I \ i
o A | i |
i Upload i
Mapping to| SoilML Mapping to|SoilML | i
i [ | 3
National / Regional N_atlonal / Re.glon.al i National / Regional National / Regional 3
soil data contribution sol data:NcSoPIr;Erlbutlon \ i soil data contribution soil data contribution !
| |
@ I S Rlc Dl‘afl‘ - WOI‘/( n progress ... BONARES Conference 2018
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: : HEE
Exchanging ‘trustworthy’ open soil data,

using FAIR principles ...

g Global Open Data N, P
for Agriculture & Nutrition
.GSP GLOBAL SOIL
SO|| Data PARI'NL,BSHII
» Conte Facility , .
VAL %, — .,

: t‘l
\ ICSU
WORLD DATA SYSTEM

S
Soil Information

Standards
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http://www.opengeospatial.org/

HE
Concluding remarks

« The soil science community should ensure that soil data can be
utilised to take effective measures at the desired scales.

 In partnership, we have developed a framework for collating,
standardising, mapping, analysing and sharing world soil data.

« The system allows for regular updates of world soil
information at user-defined resolutions (250m to 50km).

« We are pro-active in developing soil data inter-operability and
exchange formats to underpin the GSP Soil Data Facility.

« There is still much to do; being a small organization ISRIC
(WDC-Soils) can only do this in collaboration.

—— C - WDC* BONARES Conference 2018
World Soil Infermation ‘ 2
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