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Soil Story




Digital Soil Mapping in a Changing World
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Digital Soil Mapping (DSM)

Abstraction level & complexity

» Sustainability
» Adaptation /
mitigation potential
» Soil ecosystem
services (natural
apital)
/ vulnerability
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Methods

Empirical
Data

Soil
assessment

Statistical methods:
e.g. multivariate regression |
Ensemble trees |
Machine learning

Geostatistical methods
e.g. kriging

Mixed/hybrid
e.g. regressi
PTF & ir




hat is the Purpose of Digital Soil Mapping

) Intrinsic knowledge: “just for the sake of
nowing” (create maps)

insic knowledge: To address societz
global issues; a changing
ve co-create soil €




Multiple Soils Perspectives
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Estimates of Carbon Stocks
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? 4 1,300 to 3,250 ?

Global soil carbon stocks (1 m depth) (Pg C)
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Soil Mapping Methods +— 3D soil models

+—— s Pedodynamic mechanistic modals
» Fuzzy logic soll models
» Geostatistical sofl models (scil pixels)
» Statistical soil models (e.g. pedotransferfct.)
p Crisp soil map units (soil polygons)
» Soil classification
- » Conceptual soildlandscape models

g I » Geographic Information Systems
SeilData !ﬂanaga - Databases; soil information systems

- »Soll survey maps & reports
Technologies which support soil mapping » Soil sensors
- Global positioning systems
» Remote sensing
» Aerial photography
» Soil mapping (field)
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rview of Phenomena of Space and Time, Distribut
oil Properties and Processes at Escalating Spatial S

Soilmodels: ..., ,...ummnec — factorial (statisticsigeostatistics) — Expert-based (soil surveyors)

Attribute processesmunss— Properties — Classes
space:

Soil-environmental
relationships:

Map unitsize

(polygon): . ‘ ‘

Pixelsize: *

Soil profile: Horizons orfixed-depth intervals

Temporal
resolution:

Spatial & temp.
autocorrelations:

Variance of
observations:

Extent:

Geographic
domain space:

Mapscale: 1:1 1:10,000 1:25,000 1:250,000 1:1 million 1:5 million



nvisioned Future of Digital Soil Mapping an
Modeling

Soil models: Mechanistic (deterministic) & factorial (statistics/geostatistics) — cs s ot smwon

Attribute
space: Processes/fluxes & Properties - cu.
Soil-environmental
relationships:
= Map unit size
= 5| (point support): ,
S 3
é Pixel size: . " (] ] . o

Soil profile: — Continuous soil functions

Tempural -------
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autocorrelations:
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Conceptual Soil Formation Models

orial soil models:
oil forming factors - climate (CL), organisms (O), relie
t material (P), and time (T) - form soils

Solls




ORPAN Model = Soil Properties/Class

e Quantitative framewo
suited for digital soil
mapping (DSM)

 Empirical model

e Factors and soi
are spatia
anc




P-AWBH Model=Soil Properties/Class

e Spatially and tempc
uman explicit
A - e Additional factors
Ae hy

(W, H)
e Accounts for ti

dependent
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STEP-AWBH Model
Target soil property, IEHETE
rate, change, -

process, risk, etc. Soil
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S Factor

e.g. soil org. C

SA(Z, P, L) =

Examples - How to populate the S factor:

e Soil taxonomic data (e.g., soil order, great groups)
e Soil drainage class map

e Available water storage top 25 cm

e Soil texture map (clay, silt, sand content)

e Soil organic matter map



S Factor: Historic Soil Organic C (U.S.)
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e.g. soil org. C ,

SA(Z, P, L) =

Examples - How to populate the A factor:

Long-term mean precipitation

Aggregated precipitation during summer months
Max. temperature last year

Max. temperature over the past 30 years

Daily, weekly or monthly soil moisture

Soil moisture yearly average



A Factor: Temperature

Inside Idaho Climate Data
Average Monthly Minimum Temperature
January 1979 - December 2011
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A Factor: Solar Radiation

Solar radiation — 30 yr averages for each month
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W Factor: Soil Moisture

Soil moisture seasonal average (Jan - Apr) Soil moisture seasonal average (Apr - Jul) Soil moisture seasonal average (Jul - Oct) Soil moisture seasonal average (Oct - Jan)
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B Factor: NDVI

NDVI (Normalized Difference Vegetation Index)
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)il Carbon Assessment across the U

4 STEP-AWBH
(environme

SOC Mg ha to 100cm
. <100 + 175.1-2250
«  10.1-250 «  225.1-300.0 ]
+ 251-500 = 300.1-500.0 Data source: NRCSW<e>E
© 501-750 500.1-1000.0 . = - s
© 75.1-1000 + 1000.1-2000.0 N E— s
100.1-125.0 '+  2000.1-3000.0 0 25 510 1,020 1,530 2040
.« 1251-1750 s >3000 S

N

Soil carbon map




Soil Carbon Assessment across Florida, U.S.
(Xiong, Grunwald et al. 2013. Geoderma)
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esian Geostatistical Modeling of SOC with Uncertainty Assess

g X., S. Grunwald, D.B. Myers, J. Kim, W.G. Harris, N. Bliznyuk and N.B. Comerford. 2013. Geophys.
Biogeosciences
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Change of SOC (kg m™)

(Xiong, Grunwald et al. 2013.)

Soil Carbon Change 1965 to 2010 (Florida)
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Remote Sensing Supported DSM

(Kim, Grunwald et al. 2012)

e \Water Conservation Area 2A, Florida, Everglades
e Spectral indices: EVI, MSI, NDVI, NDVI green, NDWI, RSR, SR, TVI

MODIS (250 m)
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mote Sensing Supported DSM

m, Grunwald and Rivero. 2013. IEEE Trans. Geosci &

Remote Sensing J.)

Observed TN (g kg™!)

Observed TP (mg kg ™)

1400 A

w
X
1

w
]
1

]
5]
L

[N
iy
|

-

—
N
Q
=]

1000 A

G0
=]
=]

[=\]
=]
=]

~

o

=]
|

[

o

o
L

~

BK

O

R F SPOT

R F Landsat ETM+

RF MODIS

RMSE: 213.7

“ i 1400
-l B12004

F 1000 A

800 +

600 +

400

200

&
.. R%:0.92

! 1400
L 12004
L 1000
L 800+
L 6004
L 4004

200+

RMSE: 102.

1

RMSE: 102.

¢ R2089 |
RMSE: 120.3

0+4— ; i T T
0 200 400 600 800 1000 1200 1400

Predicted TP (mg kg 1)

0+—4— ; T T T T T
0 200 400 600 800 1000 1200 1400

Predicted TP (mg kg 1)

0+—4— T T T T : :
0 200 400 600 800 1000 1200 1400

Predicted TP (mg kg™ 1)

0+—— T T T T T :
0 200 400 600 800 1000 1200 1400

Predicted TP (mg kg™ 1)

"-R?:0.30
* “RMSE: 2.88

" R2:0.95
RMSE: 1.45

L 364

o324

- o284

o244

/% R2:0.94
RMSE: 1.44

., R2 0.91
" RMSE: 1.56

T T T
24 28 32 34

Predicted TN (g kg™ 1)

T T T
24 28 32 36

Predicted TN (g kg 1)

24 28 2 36
Predicted TN (g kg™ 1)

T T T
24 28 32 36

Predicted TN (g kg™ 1)



Observations (TP)
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TP (mg/kg)
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Soil Gaps
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Human activities triggering “Global Soil Change”

(National Geographic, 2010)




Contact: sabgru@ufl.edu
http://soils.ifas.ufl.edu/faculty/grunwald
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