
SOIL SURVEY

The Next Level



Advances over Time

The early 
years

•Munsel Color Chart
•Soil Survey Manual

•NASIS
•Digitizing of maps
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Soil Survey Paradigm

Morphological, Soil Landscape Based

Subjective – tempered by guidelines and 
procedures

Landscape model used to describe variability

Lack a systematic way of quantifying random 
variability

Presenter
Presentation Notes
	Although we have had numerous, long discussions on the paradigm for soil survey; it remains a morphological, (field-based versus laboratory based) soil-landscaped-based product.  The project leader develops a soil-landscape model that guides the soil survey activities in an area.  This subjective process is tempered by the guidelines and procedures that we have in the Soil Survey Manual and the National Soil Survey Handbook so that any two soil scientists will come up with similar models.  This systematic approach is extremely important in standardizing our product for without these standards, any two soil scientists would most likely come up with widely divergent surveys of the same area.

	The landscape model is our main tool for describing the variability of soils and their properties in space.  As part of the model, we have two basic concepts or units, the Soil Series or Taxonomic Unit and the Map Unit.  To further define or describe this variability, we provide a range in characteristics for Soil Series, percent composition of soils in a map unit, and ranges in properties of map unit components (soil data map unit).

	What we lack is a systematic way of quantifying the random variability (standard error) once we have addressed variability from soil components, surface texture, landscape units such as slope, geomorphic position, parent material, hill slope position, etc.  We need to do this using a systematic, scientifically viable, statistically valid method.  We have had a number starts at this, I vaguely remember discussions on the error of observation! 



Soil Series

Lowest Category in Soil Taxonomy
- Mutual Exclusivity?
Defined by Numerous Properties
Subjective – based on collective views of 
soil scientists
Non-random selection of pedons
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is the lowest category in Soil Taxonomy and arguably differs from the other classes in the requirement for mutual exclusivity (it is difficult to attain exclusiveness when numerous properties define a concept).  The soil series is defined by numerous morphological, chemical, landscape, and geological properties.  The series description provides limits to these properties and includes the typical pedon and a range of characteristics all of which are confined to properties of the family to which it belongs in Soil Taxonomy.  The soil series is a subjective concept based on the collective views of soil scientists.  Thus, the concept has a propensity to gravitate with time and these collective views.  The range in morphology is supported by numerous pedon descriptions that are collected in the course of completing soil survey projects.  However, they are not selected at random from the universe of pedons that represent the Series (this universe of pedons is largely unknown).  We have systematic ways of locating pedons based on geomorphology, landscape position, etc. but I am not aware of a corporate way of selecting the pedons that meet randomness requirements.  However, it may not be so important to randomly sample pedons representing a soil series as having a systematic approach of selecting the pedons that meets statistical procedures. 



Characterization

Representative Pedon – selection 
undocumented
What are the core properties that define a 
soil series?
Are they independent, if not is the 
interaction important to know?
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	Characterization of the Soil series is even more tenuous in that “representative pedons” are selected sampled and analyzed based on someone’s concept of the typical pedon.  The process, assumptions, etc. for selecting the representative pedon are largely unrecorded.  In addition, we have little data to support how the range in properties of the series is distributed about some center point.  Do we need an almost infinite number of properties that define a soil series?  What are the critical properties that define a soil series?  Do they vary together, is it important to know the interaction among the properties, etc.



Laboratory 
Characterization

Pedon based

Depth function

No measure of within or between pedon 
variability
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How to best sample the soil series for laboratory characterization?  The standard procedure is to sample one or two pedons that represent the central concept of the soil series.  These typical pedons are usually located based on soil morphology, parent material, and landscape characteristics.  This procedure provides an excellent depth function distribution of soil properties for the point and is good for studying soil genesis and for making soil interpretations.  However, we have done little to characterize within and between pedon variability. 



Map units

Defined by the soil landscape model
Excellent protocols for describing 
variability in composition
All databases (SIR, NASIS) based on 
estimated properties
Soil Data Map Unit
Dealing with variability in space and time
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as previously mentioned map units are systematically defined according to the soil-landscape model.  They reflect a repeatable and hopefully identifiable portion of the landscape within the soil survey area.  We have excellent protocols for describing and accounting for variability in soil components within a map unit.  The inference being that the properties of the components represent the range in properties for the map unit.  The range in properties is captured in NASIS via the soil data map unit.  We do not have a measure of reliability of these properties in the soil data map unit.

	All of our databases related to the map unit and soil series are based on estimated soil properties.  These estimates are based on laboratory data, field data such as soil texture, pedotransfer functions and in some cases, subjective, professional guesses.  The Soil Interpretation Record and NASIS has served and continues to serve us well, but we can do better.  We must move to using real data to describe properties of the map unit.  By real data, I mean data that quantifies the random variability associated with the value for a soil or map unit property.

	The soil data map unit concept is something we need to seriously debate.  I’m not sure that the concept correctly represents the soil landscape model on which the soil survey is based.  However, with some modification it may provide a mechanism to quantify the reliability of map unit data.

	We have a good start on capturing even more information on map units and soil polygons in the SOILIM project with the University of Wisconsin.  If we can build in some measure of reliability, perhaps we can answer the question of map unit reliability.

	In addition to variability in space, variability in time is also an important factor in reducing random variability.  We are gearing up for describing and capturing information on use-dependent soil properties.  We need to continue developing the systems and protocols for handling variability in time. 



Pedon Database

Point data – no way to expand to different 
scales
Time and space variability void
The Bulk Density example?
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	We have a wealth of information and data in our soil pedon database.  Of the many uses of the information, development of pedon transfer functions ranks high.  It is also very useful in geomorphic and pedologic studies if we have adequate morphological and site descriptions.  However, the sampling of one or two complete pedons is not very useful for expanding data from the point to a polygon or field.  Characterization of soil properties in space has not been an objective of our soil characterization program.  It is time that we consider variability in time and space in our soil characterization program.  

	For example, we know that bulk density varies with time annually, with land use/management, and across a field.  How do we best represent this bulk density value?  We do not have a way to address variability in time or space with respect to any of the laboratory data.  I mention bulk density because it is used to convert all of the weight based numbers to a volume bases.  Until we establish protocols for variability in time and space for bulk density we will not be able to estimate soil organic carbon in a field, or map unit polygon.  In other words how do we expand the point data to various scales.  I believe we need to develop the systematic, statistical procedures for doing this, deciding on the best procedure will be the task.
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USGS Report



Based on 1350 or samples collected nation wide.



Nice report - Can we do better?
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13050 samples nation wide
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Can we do better?



Maybe but we can’t prove it because we can do a chart like this.



Statistics- Needs

Parametric vs non parametric

Random sampling
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	There are a number of statistical approaches to consider but they all boil down to the basic parametric versus non-parametric approaches.  We need to keep it simple, but have enough power in our statistics to quantify variability in soil survey.  I am partial to non-parametric approaches because we do not have to meet the rigors of the parametric statistics, mainly the properties of soils meet the normally distributed requirement.  However, I know only enough about statistics to be dangerous!

	Earlier, I mentioned that we do not have procedures for randomly selecting pedons from the universe of pedons representing a series or map unit component.  We now have a pretty good idea of the universe of pedons with the completion of the initial soil survey.  It is time to develop procedures and protocols for random sampling to characterize our soil series and map unit components.



NEXT STEPS 
Items to address

1. Ability to do national and regional 
assessments of soil properties

2. Use of new technology (SOLIM) to 
capture more of the systematic 
variability

3. Understand/characterize random 
variability and develop ways to express 
it to users

4. Understand relationships between 
taxonomic limits and natural variability



TIME FRAME

Initial Concepts for 2006 
World Congress



Advances in Technology

The early 
years

•Munsel Color Chart
•Soil Survey Manual

•NASIS
•Digitizing of maps

Quantifying Variability

Photography

Soil 
Taxonomy

Time
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•

 

Understanding and Delivering 
Data and Information
• GIS-Knowledge capture
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