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Rationale and Background

 The completion of the initial Soil Survey for
the United States Is projected around
2010;

 The launching of Web Soil Survey (WSS)
and other on-line soll information:;

* New high resolution spatial data and
spatial analysis software.
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Presenter
Presentation Notes
Soil Survey is now focused on creating seamless soil coverage for the US via “edge matching”

WSS has increased soil survey exposure and has created at the same time new demand from 

other customers for soil information in addition to the traditional ones.  Raster based soil info

Is being sought and also soil property maps for special uses.

This coincides with the development of new powerful spatial data and 

Spatial analysis tools.  All these developments present new challenges for the Soil Survey.

While these challenges have been well recognized, Soil Survey is still struggling to raise to the challenge

Not for lack of information but rather lack of standardized methods to generate new raster based maps.  
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® Polygons * Rasters
« Discreet boundaries » Fuzzy boundaries
» Broken interconnectedness » High degree of interconnectedness
« Vague predictions (value ranges) * Specific predictions at specific geographic intervals
« Incompatibility with raster-based models * High compatibility with raster models
« Simplicity of representation, complexity of « Complexity of representation, simplicity of

interpretation interpretation
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Presenter
Presentation Notes
The questions facing all of us as soil scientists are:  Are well positioned for the challenge?” and 

“How do we get from traditional soil polygon maps to raster based soil maps and property maps?” 

“How do we get from soil properties discrete ranges and RV to continuum soil property maps?”  
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TASM Processes

Data Mining from Quantifying Formalizing Al
. : : . . Rater based
digital and analog relationships the relationships maps
sources to establish between soils and between soils and /| == PS
: ) : : : and Predicted
soil-landscape their environment Terrain Attributes Soil Propert
relationships (Terrain Attributeg) (Rules) PErty
maps
— County Soil Survey; - TWI, — Decisions Tree for — Assign a property value
- OSD: L Slope: terrain/soil relationships for each soil;

for each relevant - Depth to Limiting Layer

- SSURGO; — Curvature; terrain attribute: :
. Available Water
~ Aerial Photography; - Valley Bottom ~ IF..THEN..EITHER/OR Holding Capacity; etc.
. DEM - Terrain el — IF Slope < 10 THEN — Based on Fuzzy
Attributes; ~ Ridgetop Flattenss; Soil A; membership values

predict the soil property

— Tacit Knowledge; — Soil Knowledge - IF TWI >10 THEN " T
_ . Soil B: (V) a'[nlj location;
— Field data and miner, : Y sk eV
observations; — Histograms _ IF Slope <10 AND >15 v, :$
Block Diagrams. <l ;55
TWI<5 AND >10 THEN S. — assigned property value;

; |
Soil C. Skij — fuzzy membership value.
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Presentation Notes
We have coined the term TASM that stands for Terrain Attribute Soil Mapping. TASM is a unique combination of technologies within the conceptual framework of Digital Soil Mapping (DSM) defined as “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 observations and knowledge and from related environmental variables” (Lagacherie and McBratney, 2007).  TASM is more of an operational definition compared to broad and conceptual DSM definition and is not intended to replace the later one.  It rather promotes a certain aspect of DSM by emphasizing the knowledge-driven approach (Walter et al., 2007, McKenzie and Gallant, 2007) that uses not only qualitative mental models of pedogenesis to select the most appropriate soil covariates (Lagecherie, 2008) but also energy models (Runge’s Energy Model) best expressed by soil-landscape models.  Many such attempts have been made, some quite successfully, but TASM is the only method that combines fuzzy membership techniques, high resolution data, and tacit knowledge (from field soil scientists, SSURGO data, soil survey, soil characterization laboratory data) with advanced terrain analysis techniques such as the SAGA wetness index, the MRRTF, and the MRVBF.  


TASM Principle

Soil-Water Relationships

Developmen
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Presenter
Presentation Notes
TASM is a systematic and process oriented approach that emphasizes soil-terrain attribute relationships at the landscape scale, 

the scale at which soil patterns and properties and their relationships with the terrain are best expressed.

it is confined within an area where all soil forming factors, climate, vegetation, parent material and time 

are maintained relatively unchanged except for topography.  
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TASM Principle

From Qualitative to Numerical Soil-Landscape relationships via Terrain Attributes

» Expert gains knowledge

» Expert examines landscapes

—
» Expert applies knowledge to new landscapes
» Knowledge communicated via the soil map
Expert/Tacit Knowledge {2
Block Diagrams/Qualitative Soil-
Landscape relationships
2 ) > 3
F - y

AACH MRVBF TWI MRRTF Slope
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Presentation Notes
TASM in principle is similar to the well established soil survey mapping philosophy, except that 

It uses new spatial tools and data  to describe the same soil landscape relationships and is still 

depends on tacit knowledge. 
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Terrain Attributes Soll Relationships

Gilpin
MRRTF < 2.4
MRVBF < 2.9
Slope 12-18 %

Cuba
MRRTF < 2.4

MRVBF < 2.9
Slope 0-2 %
AACH >0.09
TWI <12

—

Zanesville

MRRTF > 2.4
MRVBF < 2.9
Slope 6-12 %

Gilpin-Berks

complex
MRRTF < 2.4
MRVBF < 2.9
Slope 18-50 %
AACH 0.5-2.0

Tilsit
MRRTF > 2.4
MRVBF < 2.9
Slope < 2%


Presenter
Presentation Notes
Back to the Block diagram this is now a numerical representation of the 

Relationship between each soil or group soils and landscape position through

Terrain attributes.


Sym u@ Map Unit

Bartle silt loam
Bonnie silt loam, frequently flooded

Bumside silt loam, occasionally flooded

Cuba siltloam, frequently flooded

Gilpin sitt loam, 12 to 18 percent slopes, eroded

Gilpin silt loam, 12 to 18 percent slopes, severely eroded
Gilpin silt loam, 18 to 25 percent slopes

Gilpin silt loam, 18 to 25 percent slopes, severely eroded
Gilpin-Berks complex, 20 to 50 percent slopes.
Gilpin-Orthents complex, 12 to 25 percent slopes
Johnshurg silt loam, 0 to 2 percent slopes

Pekin siltloam, 2 to 6 percent slopes, rarely flooded

Pekin silt loam, 6 to 12 percent slopes, eroded, rarely flooded
Peoga silt loam

Steffsilt loam, frequently flooded

Stendal silt loam, frequently flooded

Tilsit silt loam, 0 to 2 percent slopes

Tilsit silt loam, 2 to 6 percent slopes

Water

Wellston siftloam, 6 to 12 percent slopes, eroded

Wellston siftloam, 6 to 12 percent slopes, severely eroded
Zanesville silt loam, 6 to 12 percent slopes, eroded
Zanesville silt loam, 6 to 12 percent slopes, severely eroded

Dubois County

I rcic2
B stdaH
I waaAH
B wnc2
B W hic3
I wokaH
I v omD3
I wppp2

Map Unit

Adyeville-Tipsaw complex, 20 to 60 percent slopes
Adyeville-Weliston silt loams, 18 to 50 percent slopes

Apalona silt loam, 0 to 2 percent slopes

Apalona silt loam, 2 to 6 percent slopes

Apalona silt loam, 6 to 12 percent slopes, eroded

Apalona silt loam, 6 to 12 percent slopes, severely eroded

Bartle silt loam, 0 to 2 percent slopes

Cuba silt loam, 0 to 2 percent slopes, frequently flooded, brief duration
Gatchel loam, 1 to 3 percent slopes, occasionally flooded, very brief duration
Haymond silt loam, 0 to 2 percent slopes, frequently flooded, brief duration
Johnshurg silt loam, 0 to 2 percent slopes

Pekin silt loam, 2 to 6 percent slopes

Pekin silt loam, 6 to 12 percent slopes, eroded

Stendal silt loam, 0 to 2 percent slopes, frequently flooded, brief duration
Wakeland silt loam, 0 to 2 percent slopes, frequently flooded, brief duration
Wellston silt loam, 6 to 12 percent slopes, eroded

Wellston silt loam, 6 to 12 percent slopes, severely eroded
Wellston-Adyeville-Ebal silt loams, 12 to 18 percent slopes, eroded
Wellston-Ebal-Adyeville complex, 12 to 18 percent slopes, severely eroded,

Wilbur silt loam, 0 to 2 percent slopes, frequently flooded, brief duration

Orange County
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Presentation Notes
So we have moved from the traditional soil polygon map to a raster based map

That assigns a unique membership value for soils at each pixel.  This is very 

Powerful  as it sets the foundation for generating soil property maps 

Based on continuum rather than discrete boundaries.
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Map Unit

\ Tilsit_Bedford_Apallona_Johbsburg 0-2

\ Tilsit_Bedford_Apallona 2-6

- Zanesville_Apallona_Wellston 6-12

- Gilpin_Wellstone_Adyeville_Ebal 12-18

\ Gilpin_Ebal_Berks 18-50

\ Pekin_Bartle 2-12

I cubao-2

- Steff_Stendal_Burnside_Wakeland 0-2
Rock Outcrop_Sttep Slope > 50

0 0.30.6 1.2 1.8 2.4
e meaess— mmmmmm Kilom eters



|:| Tilsit_Bedford_Apallona_Johbsburg 0-2
[ | Tilsit_Bedford_Apallona 2-6

- Zanesville_Apallona_Wellston 6-12
- Gilpin_Wellstone_Adyeville_Ebal 12-18
| | Gilpin_Ebal_Berks 18-50

|:| Pekin_Bartle 2-12

I cubao-2

- Steff_Stendal_Burnside_Wakeland 0-2
| Rock outcrop_Sttep Slope > 50
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Presentation Notes
As an example the depth to the paralithic contact was generated based on the 

SSURGO RV values and TASM 
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Depth (cm)


Presenter
Presentation Notes
The differences are obvious.  This method can overcome issues related to the 

Polygon boundaries as well as county lines


Analysis of Variance Results

Landscape position (LP) <0.0001 | Significant

Method (TASM vs. Measured) 0.04 | Marginal
LP*Method 0.18 | Not significant

O Measured
B TASM_RV
O Soil Survey
oosb

Depth to Paralithic (cm)

Ridge Top Side Slope Toe Slope

Landscape Position
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Presentation Notes
However, the bottom line is always the validation of the map.  There are two kind of validations

That the DSM acknowledges: customer one and the property values or scientific one.

In our example there is a difference in scale of data collection for the validation and the map compilation

But this data was available and we used it.  We are in the process of designing a sampling scheme that 

Will represent the scale at which the map was indented  in order to capture the pattern rather than the random 

Variability often displayed at finer scales.   
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I:IB”‘A Blount silt loam, 0 to 2 percent slopes

- BmB2 Blount silt loam, 2 to 4 percent slopes, eroded

l:l Bs Brookston silty clay loam

-Ca Crosby silt loam, 0 to 2 percent slopes

- CsA Crosby siltloam, 2 to 4 percent slopes, eroded

I:l CsB2 Crosby-Miami silt loams, 2 to 6 percent slopes, eroded
I:l cygz2 Fincastle silt loam

-,:C Fox silt loam, O0to 2 percent slopes

l:IFDA Fox silt loam, 2to 6 percent slopes, eroded

- Fo2 Foxsoils, 6 to 12 percentslopes, severely eroded

I:l Fsc3 Genesee siltloam

I:l Gh Gravel pits

:]Gp Hennepin loam, 25 to 60 percent slopes

[0 Hee Houghton muck, drained, 0 to 1 percent slopes

I:IKk Kokomo silt loam, overwash

[ ko Kokomo silty clay loam

I:l Lw Made land

- Ma Miamiclay loam, 12 to 18 percentslopes, severely eroded
I:l MiB2 Miamiclay loam, 2 to 6 percent slopes, severely eroded
|:| Micz Miamiclay loam, 6 to 12 percent slopes, severely eroded
M vme3 Miamisiltloam, 2 to 6 percentslopes, eroded

|:| Mmc3 Miamisiltloam, 6 to 12 percent slopes, eroded

Morley silt loam, 2 to 6 percent slopes, eroded

Morley silty clay loam, 2 to 6 percent slopes, severely eroded
Morley silty clay loam, 6 to 12 percent slopes, severely eroded .

Ockley silt loam, 0 to 2 percent slopes

Ockley silt loam, 2 to 6 percent slopes, eroded I e K ilom eters
Ockley silt loam, loamy substratum, 0 to 2 percent slopes 0 3 6 1 2 1 8 2 4

Ockley silt loam, loamy substratum, 2 to 6 percent slopes, eroded

Palms muck, drained, 0 to 1 percent slopes
Patton silty clay loam, loamy substratum
Patton silty clay loam, occasionally flooded
Pewamo silty clay loam

Quarries

Russell siltloam, 0 to 2 percent slopes
Russell siltloam, 2 to 6 percent slopes, eroded
Shoals silt loam

Water
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Legend

Draft10_SM_Sliver

Value

- Fincastle - New America Flute
- Starks - New America Flute
- Treaty - New America Flute
[ | Pelia - Floodplain

- Ockley - Floodplain

I Miami - Floodplain

- Morley - Floodplain

I Genessee/shoals

- Shoals/Genessee

- Palms - Muck/Histosol
I:l Houghton - Muck/Histosol

- Water/Mine Spoil
- Water/Mine Spoil

- Crosby high elevation - Russiaville
- Fincastle low elevation - Russiavile
[ starks high elevation - Russiaville
- Starks low elevation - Russiaville
- Brookston - low elevation - Russiaville
- Brookston high elevation - Russiaville
- Pella - Russiaville
I:l Crosby - South Kokomo
- Starks - South Kokomo
- Brookston - South Kokomo
- Pella - South Kokomo
B [ Affisol 1 - Washboard Moraine
. I:l Alfosol 2 - Washboard Moraine
E— | il0m ete rs [ natow Noliso - Washbord Moraine
3 6 12 18 24 I beep Moliisol - Washboard Moraine
- Alfisol 1- Union City Moraine
I:l Alfisol 2 - Union City Moraine
I:l Alfisol 2 eroded - Union City Moraine
- Shallow Mollisol - Union City Moraine
- Deep Mollisol - Union City Moraine
[ Blount - East of Moraine
|7 Blount eroded - East of Moraine
B Pewamo - East of Moraine
- Pewamo cumulic - East of Moraine
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The Accuracy assessment results of validation between
TASM (Producer) and SSURGO (User), for the main soil series

The kappa coefficient was 0.74 suggesting that

Soil Series Accuracy (%) :
ooducer | User the substantial agreement between TASM and

SSURGO was not random

Fincastle 0.87 0.92

Brookston 0.90 0.77

Croshy 0.90 0.78

Blount 0.68 0.84 Kappa Interpretation

Powamo 0.61 0.36 <0 — No agreement

Shoals 0.21 0.37 0.0 —0.20 Slight agreement

Morley 0.20 1 0.21 — 0.40 Fair agreement

Patton 1 1 0.41 —0.60 Moderate agreement

Miami 1 0.09 0.61 — 0.80 Substantial agreement

Overall Accuracy (%) 0.77 0.81 —1.00 Almost perfect agreement

Validation based on 460 geo-referenced points
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Discussion

There are no fixed rules about the relationship
between terrain attributes and predicted soills.
(e.g. TWI and Cuba relationship — specific values
— will not necessarily hold in multiple watersheds)

Fuzzy membership maps are not a substitute for
established NRCS soil maps, however as an
additional product will provide tremendous value.

Fuzzy membership maps can aid interpretation
and prediction of specific soll properties.

Soil mapping is STILL “an art and a science.”



Conclusions

* \We have the tools to map gradations of
soll variability,

e Terrain attributes are useful for estimating
soll properties;

e Structural heterogeneity of soils can be
simplified for hydrological response

predictions because of functional
homogeneity of soll properties.
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