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Presentation Goals
• Present our vison for how a practical 
agricultural sustainability program can work

• Explain where we are at in trying to make 
this vision real



USDA SCRI Project Report
• Large USDA grant funding the development of a 
Practical Agricultural Sustainability Program

• Using processed vegetables as a start
• Combining funding from cranberry, soybeans, etc.
• Working out the process, the implementation 
details, solving issues

• Group effort with several at UW and other 
universities and in industry contributing

• Thank you for doing the cost share paperwork!



How we got here
• Healthy Grown Potato began mid-1990s

• National Initiative for Sustainable Agriculture (NISA) 
began November 2010

• FieldRise, LLC in 2015



Measuring Sustainability using a Practice-
Based Approach
• Use a practice-based approach as the foundation for 
a Practical Agricultural Sustainability Program
• Direct outcome measurement too costly
• Model predictions too inaccurate for farm level

Process Steps
1. Work with farmers and regional experts to develop 

extensive list of sustainable practices
2. Conduct farmer survey, working with an association
3. Analyze data and give individual farmer feedback
4. Farmers and the industry plan and act/implement



Sustainability Measurement Problem
• Have practice adoption profiles for surveyed 
farmers

• How do we make sense of the data?  
• Need to “measure to manage” practice adoption
• Many practices, often 100+
• Most variables are yes/no or integers
• Highly correlated with each other
• Create an index to compare farmers to one 
another

PCA

DEA



Data Envelope Analysis with Principal 
Components
• First use Principal Component Analysis (PCA) to reduce the 

number of variables, to remove correlation among 
variables, and to convert discrete variables to continuous

• Next use Data Envelope Analysis (DEA) to calculate a 
composite index to measure how intensely each farmer 
adopts sustainable practices relative to his/her peer group

• Final Output: 
• Score between 0 and 1 for each farmer measuring the 

intensity of sustainable practice adoption relative to his 
peers with endogenous weights for each practice

• Document adoption intensity of farmer population and 
identify practices to most improve each farmer’s score



Histogram of Scores

Soybean Specific
70 practices, N = 410



What have we gotten done?
• Analysis methods refined and published
• Several assessments completed
• Ecosystem restoration handbook
• Consumer survey
• Field research (not presented by me)
• Our struggle: Supply Chain Engagement



Analysis Methods Refined and Published
• Measuring Farm Sustainability using Data Envelope Analysis 

with Principal Components: The Case of Wisconsin Cranberry 
(JEM 2015)

• Assessing Sustainability and Improvements in U.S. Midwestern 
Soybean Production Systems Using a PCA-DEA Approach 
(RAFS 2015)

• Quantifying Adoption Intensity for Weed Resistance 
Management Practices and Its Determinants among U.S. 
Soybean, Corn, and Cotton Farmers (JARE 2016)

• Conceptual Framework & Empirical Results for a Practical 
Agricultural Sustainability Program in the United States 
(Conference Paper, Netherlands 2015)

• Endogenizing Sustainability in U.S. Corn Production: A Cost 
Function Analysis (Conference Paper, Boston 2016)



Category 1 Category 2 Category 3 Category 10…

PCA …PCA PCA PCA

…Category 
DEA

Category 
DEA

Category 
DEA

Category 
DEA

Whole Farm 
DEA

• To deal with PCA computational intensity: group practices into 
categories (nutrients, pests, energy, human resources, etc.)

• Calculate category DEA score, then do DEA on these scores to 
get the grand DEA score



Several Assessments Completed
• Survey and full DEA-PCA Analysis

• Sweet Corn and Green Beans in Midwest and 
New York

• Cranberry: 1st Wisconsin, 2nd survey US and 
Canada

• Soybean: mostly IL and WI 
• Potato and irrigation practices in Wisconsin
• Mint in the US and Canada

• OUTPUT: Summary reports and journal articles
• 1,400 Farmers & 1.35 million acres and counting



Histograms of Midwest Green Bean Scores 
for Select Categories
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Disease Management
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Ecosystem Restoration
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Insect Management

0

5

10

15

20

25

30

35

0
0.

04
0.

08
0.

12
0.

16 0.
2

0.
24

0.
28

0.
32

0.
36 0.
4

0.
44

0.
48

0.
52

0.
56 0.
6

0.
64

0.
68

0.
72

0.
76 0.
8

0.
84

0.
88

0.
92

0.
96 1

Nutrient Management



Average Category Scores by Crop and Region

Category Midwest
Sweet Corn

Midwest
Green Bean

NY Green 
Bean

Community 0.930 0.733 0.611
Disease Management 0.610 0.663 0.823
Ecosystem Restoration 0.330 0.291 0.438
Business Management 0.870 0.869 0.887
Farm Operations 0.761 0.731 0.782
Insect Management 0.456 0.555 0.822
Nutrient Management 0.840 0.836 -----
Production Management 0.882 0.887 0.911
Soil & Water Management 0.792 0.709 0.904
Weed Management 0.753 0.828 0.725
Whole Farm 0.905 0.887 0.945
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Midwestern Sweet Corn

Midwestern Green Beans

New York Green Beans



Individualized Grower Reports

• Darker green band = middle 50% of farmers = “Average”
• Red square the farmer’s score



Individual 
Grower 
Scorecard: 
Recommended 
Practices

Midwestern 
Green Beans



What did we Learn?
• Most farmers for most crops are doing a good job on the 

traditional BMPs
• Agronomics: nutrients, pest management, scouting, 

water/irrigation, and soil management, etc.
• Business management: finances, insurance, plans, etc.

• Each industry has specific areas of low & high scores
• Common low scoring areas for many crops

• Ecosystem restoration/wildlife habitat = management of 
non-cropped lands

• Community involvement/engagement/leadership
• Human resources



Ecosystem Restoration Handbook

• Alison Duff
• Deana Knuteson
• Mimi Broeske

• Extremely 
practical guide 
for Wisconsin 
farmers



Ecosystem Restoration Handbook

• Copies available: Deana Knuteson <dknuteson@wisc.edu>



What’s new?
• Integrating Outcomes into the DEA-PCA Analysis

• Cost function using USDA corn data to estimate the 
average cost impact to increase sustainability score

• Carbon footprint: kg of CO2-equivalent in GHG 
emissions per pound of mint produced



Consumer Survey
• Dr. Chengyan Yue, U of MN, Applied Econ & Hort
• What consumers want for a sustainability 
program: Focus on Program Characteristics
• Not whether the farmer uses IPM, soil testing, 
no till, community involvement, etc.  …

• Not the farmer practices, but the program
• Plenty of research looks at consumer willingness 
to pay for “green” production practices
• Generally find little value or willingness to pay 



Conjoint Analysis
• Give consumers two hypothetical cans of sweet corn, 

each with a random mix of prices and of the five program 
characteristics, and then ask them to choose which can of 
sweet corn they prefer
• Do this with several pairs and for 10,000 consumers 

and we can estimate which characteristics they value
• Program Characteristics examined

• Farmer Engagement
• Role of Science
• Consumer Access to Sustainable Products
• How Sustainability is Measured
• Communication with the Supply Chain



What do Consumers Care About?
• Price dominates willingness to pay, as expected
• Measurement of Sustainability

• Farmers in program must demonstrate use of sustainable practices
• Measures of on-farm practices are used to measure sustainability

• Role of Science
• Program communicates scientific information to farmers
• Program funds science to increase the sustainability of farmer 

practices 
• Farmers’ active participation

• Farmers advise program managers on program requirements and 
activities

• Farmers learn what is required to meet consumer demands
• Communication

• Do not create sustainability materials to distribute to consumers



Where are we now?
• We can refine the analysis methods, write journal papers, 

do field research to improve practices, show that we have 
created a program that consumers want, …

• Our struggle: Supply Chain Engagement
• We can get farmers: 1,400 Farmers & 1.35 million acres 
• How do we get companies to accept our program???
• This has been Healthy Grown's and NISA’s struggle and 

now FieldRise’s: 
• It takes expertise and time that we do not have!
• We are not marketers or business people
• We do not have the time to travel around marketing this 

program or to do the networking needed



Summary and Conclusion
• A Practical Agricultural Sustainability Program

• Analysis methods refined and published
• Several assessments completed
• Ecosystem restoration handbook ready for distribution
• Consumer survey analysis written
• Field research (not presented by me)

• Our struggle: Supply Chain Engagement



Questions?
Comments?

Paul D. Mitchell
UW-Madison, Ag and Applied Economics
pdmitchell@wisc.edu 608-265-6514
Follow me on Twitter: @mitchelluw
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Example Whole Farm Questions



Example Green Bean Questions



Above 
Average 
Grower

Below 
Average 
Grower


