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Why are we here?



Soil Security

the maintenance or improvement of 
the world's soil resource so it can:-
provide sufficient food feed and 
fibre and fresh water, contribute to 
energy sustainability and climate 
stability, maintain biodiversity and 
overall environmental protection
and ecosystem goods & services.
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People need 
quantitative 

information and our 
expertise for that



Analogue -> Digital



Television



Television
Analogue Digital

System Scanning lines Pixelated
Resolution ? 625 lines 1920 x 1080
Metadata none EPG
Interaction On/off Freeze, delay, 

playback
Speed Instantaneous Delay



Soil Maps



Soil Maps
Analogue Digital

System Choropleth 
classes /legend

SSIS - Vector & 
pixels- classes 
and properties & 
pixel 

Resolution scale pixels/unit 
length

Metadata separate attached
Interaction Indirect Direct and 

detailed
Speed Instantaneous Delay



Digital Soil Mapping
(DSM)



“the creation and population of 
spatial soil information systems by 
numerical models inferring the 
spatial and temporal variations of 
soil types and soil properties from 
soil observation and knowledge and 
from related environmental 
variables”

(Lagacherie and McBratney 2007).  



Spatial data on soil-forming factors

S = f ( S,    C,    O,     R,    P,    A,    N ) + ε
Climate

Organisms

Relief

Parent Material

Age

Location xy

Climate
model
outputs

Remote
sensing of
vegetation 
and
land use

DEMs and 
their 
derivatives

Digitized
geological
maps

Maps of
distance
from
landscape
features

Expert 
knowledge
?

Soil class or 
soil property



S = f ( S, C , O , R , P, A, N ) + ε (McBratney et al, 2003)

Soil 
attribute
to be 
predicted

Prior
Soil
information

Climate

Organism
Relief

Parent Material

Age

Location xy

Spatially dependent residuals

Legacy soil data (soil profiles, soil maps, 
expert knowledge)

Soil sensing (remote & proximal)

Prior soil information



• Rescuing/Saving soil data (scanning – descriptions, maps, notes)

• Defining and populating a soil data model

• Filtering data
•Digitising errors
•Geo-referencing errors

• Harmonising soil data
• Harmonisation of soil descriptions (e.g. textural classes, )
• Harmonisation of soil depths ( Malone et al, 2009)

• Defining modality of use - respecting data-owner rights

Rcognising & Collecting 
legacy soil data



Interpolation/extrapolation function calibrated (validated) over
limited sets of soil observations (profile, maps, …).

Spatial inference models

Quantitative soil surveyor 
approaches 

(largely knowledge driven)
• Human and artificial 
intelligence model e.g. SoLIM
(Zhu et al. 2009)
•s(x,y) = f(s,r)

Pedometric approaches 
(largely data-driven)

Non-linear environmental 
correlation models

s(x,y) = f({c,o,r,p,a,n}(x,y))
• Regression, classification 
trees, neural networks, 
random forests etc.

Pedo-Geostatistical
models

s(x,y) = f(s(x+u, y+v),
{c,o,r,p,a,n} (x,y))
•Co-kriging, 
regression kriging, 
conditional simulation 
etc.
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2008

2010



GLOBALSOILMAP



North America

Latin
America/
Caribbean

Eurasia

Africa

East Asia

Oceania

South
Asia

North Africa/West Asia

Jordan



Which soil data are available?Which soil data are available?

Define an area of interest

Detailed soil maps
with legends
Detailed soil maps
with legends

Detailed soil maps 
with legends
and Soil Point data

Detailed soil maps 
with legends
and Soil Point data

Soil Point dataSoil Point data Almost no dataAlmost no data

Assemble environmental covariatesAssemble environmental covariates

Yes 

Assign quality of soil data and coverage in the covariate spaceAssign quality of soil data and coverage in the covariate space

A legacy-based 
approach



Which soil data are available?Which soil data are available?

Detailed soil maps
with legends
Detailed soil maps
with legends

-Spatially weighted mean
-Spatial disaggregation
-Spatially weighted mean
-Spatial disaggregation

Extrapolation from
reference areas
Spatially weighted mean

Extrapolation from
reference areas
Spatially weighted mean

Full Cover?Full Cover? Extrapolation 
across space -
Homosoil

Extrapolation 
across space -
Homosoil

Detailed soil maps 
with legends
and Soil Point data

Detailed soil maps 
with legends
and Soil Point data

Soil Point dataSoil Point data Almost no dataAlmost no data

NoYes 

scorpan
kriging
scorpan
kriging

Soil maps:
-Spatially weighted mean
-Spatial disaggregation
Soil data:
- scorpan kriging

Soil maps:
-Spatially weighted mean
-Spatial disaggregation
Soil data:
- scorpan kriging

Extrapolation from
reference areas:
-Soil maps
-Soil point data

Extrapolation from
reference areas:
-Soil maps
-Soil point data

Full Cover?Full Cover?

No Yes 

Assign quality of soil data and coverage in the covariate spaceAssign quality of soil data and coverage in the covariate space

Versioning



Lithology

Soil observations or 
maps with legends

DEM

Climate

Existing Soil 
maps

scorpan layers

Landcover

S = f (s,c,o,r,p,a,n) + e

f - Linear regression,
Regression trees,
Random forests,
Neural networks,
Expert system
Etc.. 

Krige residuals (e)
Or  generalised mixed 

model by REML or 
MCMC

Inferred property 
e.g., AWC

pH

CEC

Organic C

Bulk density

Clay

Sand

Lots of point data – the easiest approach



‘Modal’
profile

Fit mass-
preserving 
spline

Estimate 
averages for 
spline at 
standardised 
depth ranges, 
e.g., 
GlobalSoilMap 
depth ranges

Fitted 
Spline

The spline and depth harmonisation



layer Soil C prediction 

0-5 
cm

5-15 cm 15-30 cm

30-60 cm 60-100 cm 100-200 cm



Reconstruct 
splines at 

every pixel

carbon

Carbon (%) 0-5cm
High : 6.5
 
Low : 0.8

1

3
2



Depth at which 
soil C falls 
below  1%

Depth at which 
AWC reaches  
100 mm

‘Non-
linear’
queries



Denmark   - Mogens Greve, 
Kabindra Adhikari

54º33’

57º45’
7’’

8º4’22
’’

15º11’
55’’

Area:  43,000 sqkm
Climate: Temperate zone 

(0º to 15ºC, 700mm rainfal)
Human Pop. :  5.56 M

Pigs: 12 M (2010)



Mean: 
20.44%
St.dev.: 
10.18
CV: 0.49

Total silt content

Top 3 predicting 
conditions

97%      soilmap
89%       geology_re
32%        clc

Top 5 model 
predictors

96%    horoverlan
93%    mrvbf
90%    slope
90%    valley_dep
76%    elevation



Mean: 
24.21
St,dev.: 
8.22
CV: 0.33

Fine sand content

Top 3 predicting 
conditions

100%   soilma
97%     geology_re
33%      clc

Top 5 model 
predictors

95%    mrrtf
95%    horoverlan
72%    mrvbf
66%    twi
61%    elevation



Mean: 
36.26%
St.dev.: 
15.01
CV: 0.41

Coarse sand content

Top 3 predicting 
conditions

100%     soilmap
45%      vertdist_t
42%       geology_re

Top 5 model 
predictors

80%    horoverlan 
65%    slope
55%    mrvbf
49%    direct_ins
47%    valley_dep



Mean: 5.68
St.dev.: 
0.94
CV: 0.16

Soil pH (CaCl2)

Top 3 prediction 
conditions

100%           clc
100%           georegions
86%           soilmap

Top 5 model 
predictors

100%   valley_dep
91%    elevation
91%    horoverlan
91%    mrrtf
91%    mrvbf



Mean: 
1.45
St.dev.. 
0.11
CV: 0.07

Bulk density

Top 3 predicting 
conditions

99%      clc
92%      elevation
92%     soilmap

Top 5 model 
predictors

90%    vertdist_t
89%    slope
89%    twi
75%    mrrtf
55%     mrvbf



Mean: 
2.20
St.dev.: 
1.92
CV: 0.87

Soil organic carbon content

Top 3 predicting 
conditions

98%    wetlands
84%    clc
72%    georegions

Top 5 model 
predictors

100%    elevation
100%    mrrtf
100%    mrvbf
88%    slope
77%    twi



Carbon density (CD)

CD (T/ha)= SOC% * Bulk density (gcm-3) * soil thickness (m) * 100

Mean: 15.68
St.dev.: 12.09
CV: 0.77



Depth (cm) Mean Std.dev. CV

0-5 15.68 12.09 0.77

5-10 13.16 8.19 0.62

10-20 24.93 15.98 0.64

20-30 20.62 33.38 1.61

30-50 24.21 28.1 1.16

50-70 36.23 49.19 1.35

70-100 79.07 42.53 0.53

Variations of CD at different  soil depths



Carbon Stock 0-10cm

Mean: 27.97
St.dev.: 
17.96
CV: 0.64



Carbon Stock 0-30cm

Mean:  
73.93
St.dev.: 
54.39
CV: 0.73



Carbon Stock to 1 m

Mean: 
213.06
St.dev.: 
106.62
CV: 0.49



Digital Soil Mapping For Digital Soil Mapping For 
NigeriaNigeria

3
N = 878Locations of harmonised profiles 

for pH (1:5 soil-water)

Nigeria   - Inakwu Odeh, Hannes Reuter
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Soil organic C 5‐15 cm (g/kg)

0.52 ‐ 5.03

5.04 ‐ 7.38

7.39 ‐ 8.61

8.62 ‐ 9.24

9.25 ‐ 10.47

10.48 ‐ 12.82

12.83 ‐ 17.33

17.34 ‐ 25.99

26.00 ‐ 42.62



Example: 
National soil 
organic C map

Detailed soil survey polygon data (SSURGO) and generalized polygon data (STATSGO) 
were converted to raster based information for cumulative organic carbon data to 
100 cm depth Soil Survey Staff, 2010



Capacity Building
DSM



Curriculum
Prior - Soil Science & cognate disciplines

Digital soil mapping

- legacy soil data, soil data modells

- covariates, prediction methods,

- unceertainty analysis

- spatial information systems

Digital soil assessment

- soil functions, threats to soil

- soil ecosystem goods & services

- financial, production, & ecosystem risk



How many DSMers?
YEAR POPULATION No SOIL 

SCIENTISTS
No DIGITAL 
SOIL 
MAPPERS

2012 7 000 000 000 50 000 ~100-200

2062 9 500 000 000 80 000 2 000-10 000

In the next 5 years we need to train 
several hundred (500)



GlobalSoilMap Organisational 
Concepts

GLOBAL Consortium
Nodes – work and capacity-building
Working groups
Scientific coordination



GlobalSoilMap Scientific Concepts

GLOBAL
Regognition of legacy data
Key soil properties
Fixed depths and spline model
Quantitative uncertainty
Resolution ~100 m
Variety of prediction methods 



GlobalSoilMap Particular Successes 
so far ……

Nodes

Legacy data capture and recognition

The splines

Weighted mean estimates

Some training



Challenges   ……

Disaggregation models

Uncertainty estimates

Acceptable PTFs

Capacity building

Secure funding



Thank you!Thank you!



The World Is Going Digital and Global

Do People Remain Analogue and Local?

The World Is Going Digital and Global

Do People Remain Analogue and Local?
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