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Dynamic Soil Properties: Critical 
Indicators of Sustainability 

Trust but Verify 



Pedometrics and the Soil Survey 

Pedometrics, which is the application of probability and statistics to soils 
has potential  to complement conventional soil surveys for use in 
precision agriculture and precision conservation. 
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Social Movements placing a variety of demands on industry for credence goods  (services) 
such as environmental and worker protection, food quality, and minimized pesticide 
residues.  
 
Under these conditions, many governments and firms look to third party certifiers 
because they are responsive and have great flexibility. 
 
TPCs appeal to ‘technoscientific’ values such as independence, objectivity, consistency, 
competence, transparency, and effectiveness in an effort both to increase trust and public 
consent as well as limit liability. 

Private or public organizations that use scientific theories, tests, and data as well as 
technical artifacts to independently verify production and product quality and safety 
claims. They are usually distinguished by their claimed independence from both 
buyer and seller. 

Third party certifiers 
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Role of Government? 



It is go 
time 







Soils as a Dynamic System 

Robinson et al. 



Need integrative geospatial monitoring 
and measurement approaches 
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Sustainable agriculture standard would 

• Define what constitutes sustainable 
agriculture in the US, 

• Establish a new sustainable food market,  

• Potentially could cause significant economic, 
social, and environmental transformations. 



National Sustainable Agriculture Std 
1.1 Description of the standard 

• Delineates outcome-oriented environmental, social and economic criteria and 
indicators for assessing the sustainability of a given farm or ranch operation;  

• Provides a framework for demonstrating continual improvement towards fulfilling 
sustainability goals appropriate to the specific operation; and 

• Identifies multiple levels of achievement or tiers of sustainability that can be 
communicated to customers or used for assessing progress internally. 

 
1.2 Scope of the standard 

• This standard currently addresses the production of plants. In the future it is expected that the 
standard may be expanded to address animal production as well. 

 
1.3 Description of the format of the standard 

• The standard is structured with the following components: 
– Principles 

» The Principles identify over arching objectives for sustainable agriculture 
– Criteria 

» The Criteria identify key areas of or achievement in sustainable agriculture 
– Indicators 

» The Indicators identify measurable  components of achievement for each Criteria 
– Performance levels 

» The performance levels identify measurable  levels of performance under each indicator 
– Tiers 

» The tiers indicate the overall level of performance by a producer using the standard.  
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Keystone Field to Market 





Indicators- ‘You get what you measure’ 
 

• Can make the ‘invisible’ visible 

• Can be expensive to collect 

• Can be used by individuals, companies, 
governments 



Public Trust & Data 



Direct Soil C Emissions Factors for Biofuels 

The Greenhouse Gases, Regulated 
Emissions, and Energy Use in 
Transportation Model used to 
compute emissions for transportation 
fuels based on LCA 

 



 Scenario 

Pristine Early Modern Land use change Stover or 
biomass 

harvest (%) (prior 1880) (1881-1950) (1951-2010) (2011-2040) 

1 

Grasslands Croplands Croplands 

Corn-corn 

Conventional 
tillage 

0 
2 30 
3 

Reduced tillage 
0 

4 30 
5 

No tillage 
0 

6 30 

7 Switchgrass No tillage 80 

8 Miscanthus No tillage 70 

Forest Grasslands 

Forests 

Grasslands 

Forests 

Conservation 
reserve 

Land Use Change Scenarios 



Comparison of soil C emissions factors under different biofuel production 
pathways in 40 states 

Kwon et al. 2013 



Calibration with Dynamic Soil Properties (Indicators) 





Indicators and functional taxonomy?  



Conservation Measurement Tool 



      Need for Validation 

Century 







Soil Management 
Assessment Framework 



Looking to the Literature 

Ugarte and Wander 



Points I’d Like to Make 

• There is immediate need for site and system 
specific data and interpretation delivered 
through trusted frameworks 

• We can not let perfection get in the way of the 
good 

• Indicators of soil quality are and will 
increasingly be used to assess sustainability 

• Soil Survey of DSPs would be of tremendous 
value 
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