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• Value of open data

• Open data being made available (nutrient budgets/use efficiencies)

• How estimates could be improved

• Challenges of open data projects
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https://royalsocietypublishing.org/loi/rsta/group/c1600.d1690.y1699
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Open database

https://royalsocietypublishing.org/loi/rsta/group/c1600.d1690.y1699
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Replicability/ 
transparency

Broaden 
participation & 

usage

Combat 
misinformation

Improved 
efficiencies

Open 
Data
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Replicability/ 
transparency

Broaden 
participation & 

usage

Combat 
misinformation

Improved 
efficiencies

Advanced machine 
learning + statistical 
methods require greater 
openness for code/data

Open 
Data
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Replicability/ 
transparency

Broaden 
participation 

& usage

Combat 
misinformation

Improved 
efficiencies

Analysis from different 
sectors

https://pixabay.com/photos/valais-alps-mountains-glacier-3562988/

Open 
Data
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Replicability/ 
transparency

Broaden 
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Replicability/ 
transparency

Broaden 
participation & 

usage

Combat 
misinformation

Improved 
efficiencies

Easier to know what’s been done before
Crowd sourcing error checking
Meta-analysis easier

Open 
Data



9Azote for Stockholm Resilience Centre, based on analysis in Richardson et al 2023
https://www.stockholmresilience.org/research/planetary-boundaries.html



10Nutrients becoming an increasingly important issue in terms of planetary boundaries... 
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Open data for all 

budget components, 

balances & 

use efficiencies 

by country. 

2020 is latest data. 

New data will come out 

~December 2023.
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Global nutrient balances 
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FAO nutrient balances
(kg/ha surpluses if +ve and deficits if –ve) 

Ludemann et al (Under review)ESSD 

https://essd.copernicus.org/preprints/essd-2023-206/



Global nutrient balances 
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FAO nutrient balances
(kg/ha surpluses if +ve and deficits if –ve) 

Ludemann et al (Under review)ESSD 

https://essd.copernicus.org/preprints/essd-2023-206/



Global nutrient balances 
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FAO nutrient balances
(kg/ha surpluses if +ve and deficits if –ve) 

Ludemann et al (Under review)ESSD 

https://essd.copernicus.org/preprints/essd-2023-206/



Nutrient balance by major country
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17Ludemann et al (Under review)ESSD 

https://essd.copernicus.org/preprints/essd-2023-206/



Data not always available for every region/country

Therefore use Tiers of data:

▪ If no data available use world averages (Tier 1-Current FAO cropland budget)

▪ If region/country specific values available use these (Tier 2)

▪ If field experiment data available use these (Tier 3)
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Enable 
researchers 
to use more 
locally 
relevant 
estimates. 



Choice of data sources could more than double some estimates of 

nutrients taken off cropland as maize grain or residue
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Ludemann et al. Under review. Nutrient Cycling in Agroecosystems
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21Ludemann et al (Under review)ESSD 

https://essd.copernicus.org/preprints/essd-2023-206/

a)

b)

World cropland N balance and use efficiencies
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World cropland P balance and use efficiencies
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Widely available data:

-Crop product yield

-Fertiliser applications

-Yield potential*

-Location

Crop nutrient 
removal 

estimations
Models

Harvest index → mass of crop residues

Nutrient content of crop product and crop residue

*Global Yield Gap Atlas: www.yieldgap.org

We developed models to improve estimates of maize nutrient 

removal based on widely available data (Tier 3)
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Widely available data:

-Crop product yield

-Fertiliser applications

-Yield potential*

-Location

Crop nutrient 
removal 

estimations
Models

Harvest index → mass of crop residues

Nutrient content of crop product and crop residue

*Global Yield Gap Atlas: www.yieldgap.org

Use Tier 3 estimates of crop nutrient removal in maize nutrient budgets 

to compare with current Tier 1 estimates
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=Nutrient inputs – Nutrient outputs

Partial as we only include: 

Inputs=Fertilizer applied

Outputs= Nutrients in crop removed

(assume other components remain constant)
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Using maize field experiment data we created models for 
predicting:
-Harvest index
-Nutrient concentrations of grain
-Nutrient concentrations of residue
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Canterbury, NZ, harvest, J Ludemann

Open Data

www.freepik.com/free-vector/workers-farm-activity-illustration_5551358.htm

Nutrients included in database are N, P and K



Our models used Tier 3 data from
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▪ Literature 

▪

▪ Requests from individuals/organisations



Tier 1 and 2 estimates from literature collated in DRYAD 

(search for “Ludemann” datasets) 
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www.cropnutrientdata.net (raw replicated data from requests)
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http://www.cropnutrientdata.net/
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We now have data from a wide range of countries
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Random forest models

Mixed-effects regression models



We used variables that were widely 
available (globally) in our prediction 
models
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-Crop product yield

-Fertilizer application

-Yield potential

-Location
Training Data 

80%

Test    
Data 
20%

Field experiment 
data

Models to predict

• Nutrient in grain 
and stover

• Harvest index



Best models selected 

based on prediction 

accuracy and biological 

rationale.
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Best models selected 

based on prediction 

accuracy and biological 

rationale.
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Maize nutrient removal estimates
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Maize nutrient removal estimates-typically lower when using Tier 3



Why is Tier 3 maize nutrient removal less than Tier 1?

▪ Tier 1 typically from Northern American ‘high nutrient input’ experiments

45



Tier 3 tended to have greater maize nutrient budget surpluses 

(>0 kg nutrient per hectare difference)
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Tier 3 tended to have greater maize nutrient budget surpluses 

(>0 kg nutrient per hectare difference)
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=greater nutrient surplus using Tier 3 coefficients



Conclusion

▪ Tier 3 estimates indicate greater maize nutrient budget surpluses than Tier 1

▪ Models show promise to improve estimates of crop nutrient removal for nutrient 

budgets. e.g. FAO Cropland Nutrient Budget (which currently use Tier 1 assumptions)
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Tier 1: Average global nutrient removal values
Tier 2: Regional or national nutrient removal values
Tier 3: Locally predicted nutrient removal values

Crop 
removal

Crop product + 
Crop residue



Conclusion

▪ Before we apply our models for use in global databases we need to test against on-

farm data

▪ We also need to incorporate more data from literature into Tier 1 and 2 estimates
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Tier 1: Average global nutrient removal values
Tier 2: Regional or national nutrient removal values
Tier 3: Locally predicted nutrient removal values

Crop 
removal

Crop product + 
Crop residue



▪ Convince people to share data (time/legal)
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▪ Convince people to share data (time/legal)

▪ Ambiguities in datasets
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▪ Convince people to share data (time/legal)

▪ Ambiguities in datasets

▪ On-farm data hard to find for evaluation
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▪ Convince people to share data (time/legal)

▪ Ambiguities in datasets

▪ On-farm data hard to find for evaluation

▪ Ensure database/code are readily updatable
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▪ Convince people to share data (time/legal)

▪ Ambiguities in datasets

▪ On-farm data hard to find for evaluation

▪ Ensure database/code are readily updatable

▪ Long term investment
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We need more field experiment and on-farm data to 

evaluate models. Want to share your data?

▪Cameron.ludemann@wur.nl

▪www.cropnutrientdata.net

▪ (free access to field experiment data)
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mailto:Cameron.ludemann@wur.nl
http://www.cropnutrientdata.net/
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