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Research motivation and goal

Support farmer decisions for sustainable landscape 
designs to meet their priorities using: 

• Stakeholder engagement 
• Sustainability assessment
• Spatial analysis and optimization
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The problem

(Bonner et.al. 2014)

Erosion

Eutrophication

  Profit loss

Soil degradation

Water pollution

• Current agricultural field configurations (placing annual 
crop on the entire fields) lead to economic loss and 
environmental degradation



Optimization inputs – expert elicitation
• Farmer interviews, 

February 2019 
– 37 interviews (46 

farmers) across Iowa
– 18 key priorities 

across groups used 
for the analysis

• Follow-up interviews, 
November 2019 
– 15 interviews
– Review of indicators, 

time and space 
considerations

ConservationPerennial 
Bioenergy

Stover 
harvesting

Sustainability 
indicators

Sustainability 
assessment.

Stakeholder 
engagement
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Priorities
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Indicator measures for optimization

Sustainability pillars

Social

Environ- 
mental  

Economic

Financial 
stability

Profitability

Soil quality

Erosion 
potential

Farming 
lifestyle

Water 
quality

Nature and 
wildlife 

proximity 

Connected indicators 6



Addressing the ‘Profitability’ priority

• Stakeholder interviews point to profitability as one of the 
top producer priorities

• Can perennial grasses make an economic case on 
productive Iowa land?

7(Bonner et.al. 2014)

  Profit loss



Profitability assessment

𝑌𝑖𝑒𝑙𝑑 = 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡×𝑒!.!#$#×&'() 	

8

𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅 − 𝑅𝑒𝑑
𝑁𝐼𝑅 + 𝑅𝑒𝑑

Sentinel-2A

Landsat 8

Imagery Processing

1. Calculate peak NDVI and convert into yield

(Teal et al. 2006)

2. Calculate profit based on crop budgets



Yield variability for switchgrass and maize

Mg/ha

Mg/ha Switchgrass variability Corn variability
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𝑃𝑟𝑜𝑓𝑖𝑡!"#$ = 𝑌%#&'$×𝑃%#&'$ − 𝐶%#&'$ + (𝑌()"*+#×𝑃,'"-&(( − 𝐶()"*+#)
+𝐺𝑟𝑎𝑖𝑛	𝑆𝑢𝑏𝑠𝑖𝑑𝑦 − 𝐿𝑎𝑛𝑑	𝑅𝑒𝑛𝑡

𝑃𝑟𝑜𝑓𝑖𝑡(.')!/%#&(( = (𝑌(.')!/%#&((×𝑃,'"-&(( − 𝐶%#&'$) − 𝐿𝑎𝑛𝑑	𝑅𝑒𝑛𝑡

𝑃,'"-&(( =

50, 𝐿𝑜𝑤	𝑣𝑎𝑙𝑢𝑒	𝑚𝑎𝑟𝑘𝑒𝑡	𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜	(
$
𝑀𝑔)	

100, 𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝑣𝑎𝑙𝑢𝑒	𝑚𝑎𝑟𝑘𝑒𝑡	𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜	(
$
𝑀𝑔)

150, 𝐻𝑖𝑔ℎ	𝑣𝑎𝑙𝑢𝑒	𝑚𝑎𝑟𝑘𝑒𝑡	𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜	(
$
𝑀𝑔)	
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Profitability calculation



Profitability results

- $400/ha

$400/ha

$0/ha

$800/ha

$1500/ha

Figure 3-6:  Example run of the corn profitability analysis for 2013 (corn grain with corn stover harvest 
at $150/Mg price scenario, without adding switchgrass) of the Headwaters of the North Raccoon 
watershed, including both land rent and corn subsidy.

$1500/ha

- $400/ha

$400/ha

Example run of maize profitability analysis for 2013 (grain with stover harvest at 
$150/Mg price scenario, without adding switchgrass) including land rent and with 
grain subsidy

Headwaters of the North Raccoon (2013)
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Best case (no rent, with subsidy)
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(among harvest scenarios and years)



Worst case (rent, no subsidy)
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(among harvest scenarios and years)



Spatial analysis framework
• Subfield-level detail of analysis

– Stakeholder-informed decision variables

– Sustainability assessment

– Utility values to represent sustainability indicators

– Spatial suitability assessment using bit-wise 
comparison and optimization
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Spatial data processing
Farm boundaries Bit-wise comparison:

Crop 1 Crop 2
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Smoothing
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Pixel-by-pixel 
comparison

2-pixel smoothing1-pixel smoothing 3-pixel smoothing

+51.8% efficiency 
increase

90 subfields

39% field 
efficiency

+52.3% efficiency 
increase

+56.9% efficiency 
increase

x10 fewer subfields x10 fewer subfields x11.25 fewer 
subfields 

Field efficiency calculations based on (Griffel et al. 2020)



Crop suitability maps (2-pixel smoothing)
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Total utility: 5676
Subfields: 3 
Field efficiency: 70%
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Financial stability– 0.5
Profitability – 0.25
Yield – 0.25 

W
ei

gh
t

Total utility: 4163
Subfields: 9 
Field efficiency: 59.4% 

Profitability – 0.42
Yield – 0.21
Soil quality – 0.11
Erosion potential – 0.11
Water quality – 0.05
Positive image – 0.05
Inheritability – 0.05 



Crop suitability maps (2-pixel smoothing)
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Total utility: 4605
Subfields: 5 
Field efficiency: 87.1%
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Total utility: 5117
Subfields: 1
Field efficiency: 98%

All indicators - equal

Profitability – 0.15
Soil quality – 0.15
Diversification – 0.11
Inheritability – 0.09 
Independence  - 0.08
Financial stability – 0.08
Water quality – 0.08
Erosion potential – 0.08
Food production – 0.08
Yield – 0.06
Wildlife – 0.05



Key contributions and future work

Readily usable 
crop allocation 
landscape 
design based 
on spatial 
analysis

Map where 
switchgrass 
can be more 
economically 
feasible than 
annual crops

Illustrate 
agricultural 
producer-
relevant 
sustainability 
indicators  

Understand 
the diversity 
of priorities 
and spatial 
and temporal 
boundaries 
of concern

Farm landscape 
decision support 

framework
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Additional slides



Priorities
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Profitability
36/37 interviews. Weight between 16 and 27% 

Water quality
30/37 interviews. Weight between 6 and 12% 

Soil quality
29/37 interviews. Weight between 7 and 12% 

Soil erosion
28/37 interviews. Weight between 4 and 13% 

Wildlife and nature proximity
28/37 interviews. Weight between 3 and 6% 



Priorities
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Independence
29/37 interviews. Weight between 2 and 3% 

Good image of practices
19/37 interviews. Weight between 0 and 2% 

Opportunities for young farmers
19/37 interviews. Weight between 2 and 8% 

Rural development
11/37 interviews. Weight 0 and 2%

Lifestyle
7/37 interviews. Weight between 3 and 10% 



Corn stover harvest

• 𝑌!"#$%& = 0.714×𝑌'&()* − 5
Wilhelm et al. (2007)

• 𝑌!"#$%& = 0.61×𝑌'&()* + 2.4 − 𝑀𝑖𝑛. 𝑆𝑡𝑜𝑣𝑒𝑟	𝑅𝑒𝑚𝑎𝑖𝑛
Tan and Liu (2015) ; Johnson et al. 2016

• Harvesting cost at $100/Mg 
Thompson and Tyner (2014)
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