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Why are we here?
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Soil Security SYDNEY

the maintenance or improvement of
the world's soll 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
guantitative
Information and our
expertise for that
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Analogue -> Digital
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1939 Marconi - Model 700
9" screen (UK)

< Television
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Television

System
Resolution

Metadata
Interaction

Speed

Scanning lines
? 625 lines
none

On/off

Instantaneous

Pixelated
1920 x 1080
EPG

Freeze, delay,
playback

Delay



THE UNIVERSITY OF

afo SYDNEY

Soll Maps
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System

Resolution

Metadata
Interaction

Speed

'bﬁ\ SOIIMapw et

Soll Maps SRS
_________ Analogue _Digital

Choropleth
classes /legend

scale

separate
Indirect

Instantaneous

SSIS - Vector &
pixels- classes
and properties &
pixel

pixels/unit
length

attached

Direct and
detailed

Delay
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Digital Soil Mapping
(DSM)
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‘the creation and population of &2 sy
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).
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Spatial data on soil-forming factors '« SYDNEY

s=f(S, C, O, R, P, A, N)

! |

Climate Relief Age
Soil class or Oraani ¥ v
_ rganisms , :
soil property Parent Material Location xy
Climate
model
outputs DEMs and
their
Remote derivatives
_ ¢ o Maps of
sensing o Digitized Expert d
- : istance
vegetation geological knowledge . . -
and maps ? landscape
land use
features
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S=f¢ ( S, C , @ , R ; P, A, N ) + € (McBratney et al, 2003)

L D

<ol Climate Relief Age Spatially dependent residuals
Ol : v
- Prior Organism v v
attribute Soil J Parent Material Location xy
to be_ information
predicted

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

—> SolIl sensing (remote & proximal)
@JSoilMap.net H* TSH?JBf\IRSE&o;

»*




R Nnisin llectin
cognising & Collecting Een
legacy soil data
* 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
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Spatial inference models
SYDNEY
Interpolation/extrapolation function calibrated (validated) over
limited sets of soil observations (profile, maps, ...).

\

Pedometric approaches

Quantitative soil surveyor (largely data-driven)

approaches
(largely knowledge driven)
 Human and artificial

intelligence model e.g. SoLIM _
(Zhu et al. 2009) Non-linear environmental Pedo-Geostatistical

s(x,y) = f(s,r) correlation models models

s(x,y) =f({c,o,r,p,an}xy))  s(x,y) = f(s(x+u, y+v),
* Regression, classification {c,o,r,p,a,n} (X,y))

trees, neural networks, Co-kriging,
random forests etc. regression kriging,
B o conditional simulation
' etc.
AN R _
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Guidelines for
Surveying Soil an

Land Resources 1N

SECOND EDITION

A.E. Hartemink

A. McBratney

M.L. Mendonga-Santos
(Eds.)

Bridging Research,
Environmental Applicatic
and Operation

ENVIRONMENTAL SCIENCE

Digital Soil Map of the World

Pedro A, Sanchoz,* Sonya Ahamed. ' Forence Carré. * Alfred E. Hartemink. ! Jonathan Hempel.*
n. g Lgachare Alex . oBramey el L Mokarsie, ' Waria s
Budiman Minasny.Luca Montanarella, Potor Okoth,
m..mmm'.m.,n Sachs, Koith D. Shephord, * Tor-Gunnar Vigan,
Bermard Vanlauwe, * Markus G. Walsh,* Leigh A Winowieckl,* Gan-Lin Zhang'"

jor  the degree of soil ion (4). At peesent,
109 countnes b soil maps at
s food production and climate regula-  a scale of 1:1 million or finer, but they cover

tion (7, 2), and demand for up-to-date and rel-
evant soil information is soaring. But comm-
nicating such information among diverse audi-
ences nemaing challenging because of incon-
sistent use of technical jargon, and outdated,
imprecise methods. Also, spatial wsolutions
of soil maps for ma parts of the world are too
low to help with practical ||\|dmmmn\cm
While other earth sciences (e

only 31% of the Earth's ice-free land surface,
leaving the remaining countrics reliant on
the FAO-UNESCO map (). [See supporting
online material (SOM) for more histoey |

To address these many shortcomings,
soil scientists should produce a fine-rosolu-
tion, thre-dimensional grid of the fiunctional
properties of sofls relevant to wsers. We call
for development of a frealy accessible, Wab-
based digital soil map of the world that will

Science
AAAS

dations, and serving the end users—all of
them backed by a robust cyberinfrastructure,
[See fig. $1, expanded from (7).] Specific
countries iy add their own modifications.

Digital Soil Mapping
Digtal il mapping began i he 1970 6
o

dvances in information and
remote-sensing technologies, compuing, sta-
tistics and modeling, spatial information and
global positioning systems, measurement sys-
tenms (such as infrared spectroscopy), and in

gy, gology) have M(mm make qmm
u

Maps can provide soil inputs (e.g., texture, organic
v carbon, and soil-depth parameters) to models
predicting land-cover changes in response to global

Digital Soil

quately express the cor

Mapping with
Limited Data

2008

680

ploxi
dscape in an easily under-

The Foon and Agriculture Orga-
nization (FAO) of the United Nations

i ? jentific and
SCO) published
t world soil map in 1981, using a sin-

soil classification teeminology (3). The
map has been utilized in many global stud-
ies on climate change, food production, and
Land degradation. But its low resolution (1:5
million scale) is not suitable for Lnd manage-
ment decisions at field or atchment scales.
Onc of the most<ited soil degradation stud-
s, the Gilobal dsses Fuaan Indtuced

mm georeferenced soil information read-

climatic and human disturbances.

more recent times, online access 1o informa-

tion. Experimentation with thess technologies

is leading loward consensus (7, 9-12), and
ing

yject, This eflrt originated in 2006
[m in response to policy-makers' frustrations
al being unable 0 get quantitative answers
to questions such as: How much carbon is
sequestered or emitted by soils in a particular

A digital soil map is essentially a spatial
is-

properties, which are mostly measured in the

region? What is its impa

Soil Degradation, isbased en expertjudgment
by a few individuals, has very low resolution
(1:50 million scale), and lacks quantitative
information on soil properties that indicate

e o Cobumbia Unfversty, 61 Route 9¥, Py
21020 ypra, W, taly
5. Dy

ades, NV 10964, USA

e Secheche gout Développemen
S

mates change over time?

The GSM consortium’s overall approach,
consists of three main components: digital
svil mapping, soil management recomumen-

TR B b, Byl

Watlonal
woln, NE 83508, USA.
o el s, ot Ol Bon 30677,
haposyyimevydromatimes, et Nl onst o’
upharo, 060 Manpellie 1, Fance.

Resourees, Thels

2 . sl i
pepe b B 1666, Canoerra, ACT,

o B, =¥

wo. U5 u-n,ummq
ol Sciences, Nanjiog, €

and Stinae g,

\ Auajardim
T~0E100, Wi 0t

“Auther ar corespandence. E-malk panchergge cobmbia.cu

laboraory. Th
soil properties in areas not sampled. Digital
sail maps describe the uncertainties associ-
ated with such predictions and, when hased
on time-series data, provide information on
dynamic soil properties. They also differ
from conventional, polygon-based maps, in
that they are pixel-based and can be more eas-
ily displayed at higher resolutions currenily
used by othee carth and social sciences
There are three main steps in digital soil
mapping. Step 1, data input, starts with the
production of base mags, assembling and cal-
ibrating spatially contiguous covariates from
wailable data [o.g, the 90- % 90-m resolution
digital terrain models from Shuitle Radar
Topography Mission (SRTM v.3}), Covari-
afes, reflecting staie faclors of soil forma-

7AUGUST 2009 VOL 325 SCIENCE wwwsciencemag.arg
Pubiaactby AAAS

Downicaded from www sciencemag org on August 8, 2008
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A legacy-based
approach
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| Define an area of interes4

}

Assemble environmental covariates

}

Which soil data are available?

}

Assign quality of soil data and coverage in the covariate space

+
Detailed soil maps
with legends
and Soil Point data

BVSoilMap.net

Soil Point data Detailed soil maps Almost no data

with legends




THE UNIVERSITY OF

SYDNEY
}

Which soil data are available?

v

Assign quality of soil data and coverage in the covariate space

"

Detailed soil maps Soil Point data Detailed soil maps Almost no data
with legends with legends
and Soil Point data

1 Scorpan
Full Cover? kriging Full Cover? Extrapolation
across space -
Yes / Homosoil
Soil maps: _ _ . .
: : Extrapolation from -Spatially weighted mean Extrapolation from
-Spatially weighted mean o _
e . reference areas: -Spatial disaggregation reference areas
-Spatial disaggregation S Spatiallv weighted
Soil data: - o! ma.lps patially weighted mean
. -Soil point data
- scorpan kriging

%) iSoilMap.net




Lots of point data — the easiest approach

Soil observations or
maps with legends

scorpan layers

.%Climate
Landcover

DEM
Lithology

ISoilMap.net

S=f(s,c,orpan)+e

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

Krige residuals (e)

Or generalised mixed
model by REML or
MCMC

THE UNIVERSITY OF

SYDNEY

Sand

Clay
Bulk density

Organic C

y
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The spline and depth harmonisation SYDNEY
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‘Modal’ Fit mass- Eitted Estimate
profile preserving spline averages for
spline spline at

standardised
depth ranges,
e.g.,
GlobalSoilMap
depth ranges
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layer Soil C prediction

Carbon Storage (kg'm3)
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carbon

depth {=m]
120 am
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earkon (%)

Carbon (%) 0-5cm
- High : 6.5
L Low: 0.8
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Total silt content

Mean:

-~ 20.44%
St.dev.:
10.18
CV: 0.49

Total silt content (%)_ 0-5cm

[ J<sas [ 11-16 N 22-27 [ 32-35 [ 45 - 62
£ .JS( [ Jao-10 [ 17-21 [ 28 - 31 [ 26 - 4« [ >62
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Top 3 predicting
conditions

97%  soilmap
89% geology _re
32% clc

Top 5 model
predictors

96% horoverlan

93% rvbf

90% &Sibpe

90% valley dep
5 B 7&% el%vation

L1 1 1 | I T T
Kilometers




Fine sand content

Fine sand content (%)_0-5cm

s

[ ]13-18 [ 23-26 [ 31-34 [ 42 - 50

[ ]57-12 [ 19-22 [ 27 - 30 [ 35- 42 [ =51

Top 3 predicting
conditions

100% soilma
97% geology re
33% clc

Top 5 model

predictors
95% mrrtf

95% haoroverlan
72% rrb
66% twi

61% elevation

0 25 50 100

N N Y Y T Y
Kilometers




Coarse sand content

Top 3 predicting
conditions

Mean: 100%  soilmap

36.26% 45%  vertdist_t
St de /. 42% geology_re
Top 5 model

predictors

80% horoverlan
65% ope

55% bf

49% direct_ins

g o f ? 47% valley_dep
Coarse sand (%)_0-5cm 0 25 30 100

[ ]<s7 [ 15-21 [ 28-32 [ 43-53 [ &2 - 74 Kilometers
[ ]58-14 [ 22-27 [ 34-42 [ 54 -2 I -7 g
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Soil pH (CaCl2)

Top 3 prediction
Mean: 5.68  (gnditions

St.dev.: 100% cle
100% georegions
0.94 86% soilmap

Top 5 model

predictors
100% valley_dep
91% elevation
91% HRABkoverlan
r.ﬂ.
91% mr¥
91% mrvbf

Soil pH (CaCl2)_0-5cm

[ Jws D447 Elss-ssMlle-c: Mle - | 7 7 '
[ J36-4a [ 4s-52 [ s56-59 [ 63-66 N > Kilometers
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Bulk density ol SYDNEY

N

A

Top 3 predicting

conditions

99% clc
92% elevation
92% soilmap

Top 5 model
predictors
90% vertdist_t
89%
89%
5%
55%
0 25 50 100

Bulkdensity (gcm-3)_0-5cm o |

Kil
[ J<132 [ 138-1.42 [ 1.47-155 lomeers
[ ] 133-1.37 [ 1.43-1.46 [ 156
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Top 3 predicting
conditions

98% wetlands
84% clc
72% georegions

Top 5 model
predictors

100% elevation

100% mrrtf
10 mrvbf

88% slope
77% twi
0 25 50 100
1T TN TN TN NN NN N N |
Kilometers

SOC (%)_0-5cm
[ J<t28 [ ]182-203 [ 257-381 [ 6.78- 13.7 [ 27.5- 408
[ ]120-181 [ 2.04-256 [ 3.82-6.77 [ 13.8-27.4 | 400
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Carbon density (CD)

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

N

A

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

e

SOC density (t/ha)_0-5cm 0 25 50 100

[ ]<ee [ ]13-14 [ 18-26 [ 47-93 [ 210- 470 S
[ Je7-12 [ 15-17 [ 27 - 46 [ 94 - 200 [ >80
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Variations of CD at different soll depths

5-10
10-20
20-30
30-50
50-70

70-100

15.68
13.16
24.93
20.62
24.21
36.23
79.07

12.09
8.19
15.98
33.38
28.1
49.19
42.53

0.77
0.62
0.64
1.61
1.16
1.35
0.53



Mean: 27.97
St.dev.:
17.96

25 50 100

I I T I Y |
Kilometers

SOC stock (t/ha)_0-10cm

[ J2215-1555 [ ] 19.27-203 [ 20.59-21.62 [ 25.34 - 38.67 [ s6.61 - 258.9
[ ] 1556-19.26 [ 20.31-20.58 [ 21.63-25.33 [} 38.68-c6.6 [ 2590 - 878



Carbon Stock 0-30cm

Kilometers

SOC stock (t/ha)_0-30cm
& !@@a 21.48-4026 [ | 4872-525 [ 60.96-79.73 [ 1216 -214.5 | 421.3 - 881.1
[ | 40.27-48.71 [ 5251 -60.95 I 7074 -121.5 D 2146 -4212 [N 3812 - 1,004
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0 25 50 100

| I R T T AN TR AN |
Kilometers

SOC stock (t/ha)_0-100cm

| |89.005-165.92 [ ] 187.18 - 193.05 [ 214.32 - 201.13 [} s68.81- 1,572.4
[ ] 165.93-187.17 [0 193.06 - 214.31 [ 291.14-568.8 | 1.572.5-5,190.9



Nigeria

ML LI L IKilometers
100 50 O 100 200

@  Sample location (pH)

Legend ]

__:_-i"ob'ék SoilMap.net Loca |ons of harmonlsed profiles — &z
- for pH (1:5 soil-water)
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[ | [ | | Kilometers
250 125 0

4 i
Legend
Soil pH 1:5 water (0-5 cm)
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Legend

Soil pH 1:5 water (5-15 cm)
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Legend

Soil pH 1:5 water (15-30 cm)

2500
[ 501-550
[ ]ss1-600
[ eo1-650
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o750

7.51-950
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4 N
Legend

Soil pH 1:5 water (30-60 cm)

2500
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[ ]ss1-600
[ eo1-650
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o750

7.51-950
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Legend

Soil pH 1:5 water (100-200 cm)
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Kilometers
0

Soil organic C 5-15 cm (g/kg)\
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_ Soil Organic Carbon 100 cm Depth
| . o 7 Kg per Square Meter
i & A A United States of America
& " S
A :
b )
4
i MEXIq ¢ 0 = :e:u:a
*‘:;“::;IfIL Basin ; -::° -‘n:’
e % ~ —
sl o] [UREN,. i +
Detailed 50|I survey polygon data (SSURGO) and generallzed polygon data (STATSGO)

‘were converted to raster based information for cumulative organic carbon datato -
‘100 cm depth Soil Survey Staff, 2010



Capacity Building
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Curriculum *

Prior - Soil Science & cognate disciplines
Digital soil mapping
- legacy soil data, soil data modells
- covariates, prediction methodes,
- unceertainty analysis

- spatial information systems

Digital soil assessment
- soil functions, threats to soil

- soll ecosystem goods & services

- financial, production, & ecosystem risk

i@JSOilMap.net




How many DSI\/Iers

YEAR |[POPULATION |No SOIL No DIGITAL
SCIENTISTS |[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

SoilMap.net several hundred (500)




GlobalSoilMap Organisational
Concepts

GLOBAL Consortium

Nodes - work and capacity-building
Working groups

Scientific coordination

@.JSOilMap.net
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GlobalSoilMap Scientific Concepts

GLOBAL

Regognition of legacy data
Key soll properties

Fixed depths and spline model
Quantitative uncertainty
Resolution ~100 m

Variety of prediction methods

@.JSOilMap.net
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GlobalSoilMap Particular Successes
so far ......

Nodes

Legacy data capture and recognition
The splines

Weighted mean estimates

Some training

|0b3 ISoilMap.net



Challenges ......
Disaggregation models
Uncertainty estimates
Acceptable PTFs
Capacity building
Secure funding

SoilMap.net
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Thank you!

@JSouMap.net
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Do People Remain Analogue and Local?

analog*
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Information Density vs.
Life Expectancy

The lrony of Modern Media

Papyrus Guisnbseg [T ST Misrafic e Dk
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