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Define soilscapes: using terminology of F.D. Hole, soilscapes are genetic landscape units. We often refer to them as soil-landscape units or the basis for conceptual soil-landscape models. 

Block diagrams / collections of soil mapping units
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This talk is about quantifying co-occurrence within tabular data

• 1977, 1985: F.D. Hole → soilscapes defines patterns of association
• 2001: P. Lagacherie et al. → soilscapes as landscape signature
• 2010: A.E. Hewitt et al. → soilscapes as modeling domains 
• 2013/2016: J.D. Phillips → spatial adjacency of mapping units
• 2013—current: SoilWeb Series Data Explorer
• 2014/2017: D.E. Beaudette and P. Roudier → mapping co-occurrence
• 2018/2019: Odgers, Roudier, Thompson, Beaudette  → soilscapes in NZ/US

Prior Work

This talk is not about quantifying spatial co-occurrence



Graph / Network Concepts

• node or vertex: soil series
• edge weight: magnitude of association
• adjacency: quantification of association

• co-occurrence (cross-tabulate)
• distance (distance matrix)
• similarity (restatement of distance)

• degree: number of edges / node
• community detection: clustering patterns of co-occurrence
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You have seen these things on SoilWeb for years.



Figure by Andrew Brown, USDA-NRCS, Sonora, CA

Soilscapes → Mapping Units → Soil Series

Lithic Haploxeroll Humic Haploxerand
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Inverted topography 
Soilscapes are soil-landscape units.

Cartographically useful

Could be used to enforce stratification within statistical models, or inject semi-quantitative knowledge of the land into modeling framework







Soilscapes → Mapping Units → Soil Series

Lloyd-Davidson association (Soil Survey of Morgan County, Georgia; 1965)
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These are not cartoons. These are a distillation of hard-won knowledge.



Soilscapes → Mapping Units → Soil Series

Lloyd-Davidson association (Soil Survey of Morgan County, Georgia; 1965)

top bottom
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Arrangement of weathering / drainage sequence: useful as theory and practice



Figure by Andrew Brown, USDA-NRCS, Son  

Ultic Haploxeralfs
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Note co-occurrence of Sierra and other soil series. These are all ultic haploxeralfs



Figure by Andrew Brown, USDA-NRCS, Son  

Ultic Haploxeralfs, complex arrangement

Presenter
Presentation Notes
Note co-occurrence of Sierra and other soil series. These are all ultic haploxeralfs



Mapping Units in SSURGO

mukey compname comppct_r
-------- ------------ ----------
1612048  Amador 45
1612048  Gillender 40
1612048  Ranchoseco 3
1612048  Vleck 3
1612048  Pardee 3
1612048  Peters                 3

2766838  Amador 76
2766838  Gillender 9
2766838  Pardee 5
2766838  Miltonhills 5
2766838  Redding                2

...

complex

consociation

Amador: Loamy, mixed, superactive, thermic, shallow Typic Haploxerepts
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Co-occurrence from these data only.

Each map unit is a single example, a portion of a larger soilscape.



Mapping Units in SSURGO
mukey compname comppct_r
-------- ------------ ----------
1612048  Amador 45
1612048  Gillender 40
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Data sources

Something about original idea, implementation, soilweb



Mapping Units in SSURGO
mukey compname comppct_r
-------- ------------ ----------
2766838  Amador 76
2766838  Gillender 9
2766838  Pardee 5
2766838  Miltonhills 5
2766838  Redding                2
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Data sources

Something about original idea, implementation, soilweb



“Siblings”
Components* that co-occur with Amador in map units
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Presentation Notes
13 subgroups occur with Amador, why?



“Siblings”
Components* that co-occur with Amador in map units
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Why so many siblings?



“Siblings”
Components* that co-occur with Amador in map units
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Quantify Co-Occurrence: Adjacency Matrix

Gillender Miltonhills Pardee Peters   Ranchoseco Redding   Vleck
------------ ---------- ------------ ------- ------- ----------- -------- ------
Amador                 2             1        2        1            1         1       1
Gillender 1        2        1            1         1       1
Miltonhills 1                               1        
Pardee 1            1         1       1
Peters                                                              1                 1
Ranchoseco 1
Redding                                                                                
Vleck

Tabulate “co-occurrence” → information is lost

Compute “similarity”

1. collect mapunit / component records
2. reshape into "community matrix"
3. standardize and compute distance matrix (methods from numerical ecology)
4. convert distance matrix into similarity matrix

→ this is the adjacency matrix (details on next slide)

Why all the fuss? Component percentages (weights) matter!
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Notes from https://github.com/dylanbeaudette/2017Pedometrics



461845   461980   462528   462529   462530   462531   462954   462955
------------ ------- ------- ------- ------- ------- ------- ------- -------
Amador 45       25       85       85       85       85       85       85
Corning             0        5        0        0        0        0        0        0
Exchequer           0        0        5        5        5        5        0        0
Gillender 40        0        0        0        0        0        0        0
Hornitos            0        0        5        5        5        5       10       10
Inks                0        0        0        0        0        0        0        0
Miltonhills 0        0        0        0        0        0        0        0
Pardee 3        0        0        0        0        0        0        0
Pentz 0        0        5        5        5        5        5        5
Peters              3        0        0        0        0        0        0        0
Ranchoseco 3        0        0        0        0        0        0        0
Redding             0        4        0        0        0        0        0        0
Vleck 3       40        0        0        0        0        0        0

Pseudo-community Matrix

Gillender Miltonhills Pardee Peters   Ranchoseco Redding   Vleck
------------ ---------- ------------ ------- ------- ----------- -------- ------
Amador 0.5          0.03     0.07     0.03         0.03      0.01    0.03
Gillender 0.07     0.13     0.07         0.07      0.03    0.07
Miltonhills 0.50                            0.40        
Pardee 0.50         0.50      0.20    0.50
Peters                                                           1.00              1.00
Ranchoseco 1.00
Redding                                                                                
Vleck

Similarity Matrix (via Jaccard index)
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Pronounced “jack arr”, ask Pierre

Arrange occurrence frequency (component percent) with components as rows, map units as columns. This is similar to the "community matrix from the ecology world: rows are sites and columns are species, cells are percent cover. In this case rows are soil series concepts and columns are "observations" (various map units), and cells are occurrence probability.




Adjacency Matrix → Graph
Gillender Miltonhills Pardee Peters   Ranchoseco Redding   Vleck

------------ ---------- ------------ ------- ------- ----------- -------- ------
Amador 0.5          0.03     0.07     0.03         0.03      0.01    0.03
Gillender 0.07     0.13     0.07         0.07      0.03    0.07
Miltonhills 0.50                            0.40        
Pardee 0.50         0.50      0.20    0.50
Peters                                                           1.00              1.00
Ranchoseco 1.00
Redding                                                                                
Vleck
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Data sources

Something about original idea, implementation, soilweb



Why are we doing this? https://xkcd.com/1838/
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the identified communities / clusters are largely a product of consistent and (I would argue) carefully constructed soil-landscape models

mapping communities is a reasonable "general soils map"

the graph / communities (with narrative) should be enough to re-construct soilscapes (mental models of soil-landscape units) originally developed by the soil survey team

nodes (soil series / components) that link communities are common soils that occur in multiple suites of map units




Why are we doing this?
Explicit, quantitative, human/machine readable encoding
of historic (and future) soil knowledge.

Continuous predictions of soil properties / membership are
(of course) important.

Failing to integrate hard-won knowledge
(collected and synthesized in places where soils occur)
into modern efforts 
would be a terrible tragedy.

Groups of co-occurring soils are useful strata that should be 
integrated into statistical models.

Co-occurrence networks are neat.
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the identified communities / clusters are largely a product of consistent and (I would argue) carefully constructed soil-landscape models

mapping communities is a reasonable "general soils map"

the graph / communities (with narrative) should be enough to re-construct soilscapes (mental models of soil-landscape units) originally developed by the soil survey team

nodes (soil series / components) that link communities are common soils that occur in multiple suites of map units




Thank You

Generate Soil Networks in R
http://ncss-tech.github.io/AQP/
https://goo.gl/6HMWRR

soilDB::siblings()
soilDB::fetchOSD()
sharpshootR::component.adj.matrix()
sharpshootR::polygonAgacency()

USDA is an equal opportunity employer, provider and lender



Help Test SoilWeb for Android Devices

https://goo.gl/WvrV8Y



Presenter
Presentation Notes
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Graph representation of distance/similarity matrix




Adjacency Matrix → Graph
Gillender Miltonhills Pardee Peters   Ranchoseco Redding   Vleck

------------ ---------- ------------ ------- ------- ----------- -------- ------
Amador                 2             1        2        1            1         1       1
Gillender 1        2        1            1         1       1
Miltonhills 1                               1        
Pardee 1            1         1       1
Peters                                                              1                 1
Ranchoseco 1
Redding                                                                                
Vleck
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Something about original idea, implementation, soilweb


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25

