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Historically high input prices have been driven by 
the current global challenges 

Data-driven management solutions are needed to 
boost farmer resilience

The GSNmap will provide soil nutrient as well as soil 
nutrient budget maps to optimize the sustainable 
management of soil nutrients

GSNmap 

Global Soil Nutrient and Nutrient Budget MapsGSNmap



GSNmap – Two phase approach:

Development of soil macronutrient 
and soil property maps

Phase I

Generation of 
Soil Nutrient Budget maps for 

NPK

Phase II



Methodology

Definition of a methodology 
through the support of the 
GSP’s technical networks,

Working groups and the ITPS

Technical specifications 
and country guidelines

Publication and divulgation to 
define a standardized approach

Capacity Building 
Program

Online Technical Manual

Online regional training & 

follow-up one to one 
technical sessions with 

National Experts

National Submission

Quality assessment and 
quality check of the 

submitted maps 

GSNmap

Products

GSP Members 
request for 

GSNmap

Global, Country-driven – Of the countries, by the countries, 

for the countries

✔ published ✔ done



Extent • Scale: National (Croplands)
• Depth: 0-30 cm
• Resolution: 250 x 250 m  

Process • Country-driven (global map based on 
national submissions)

• Updated following a Versioning system 

Methodology

• Phase I: Digital Soil Mapping based on 
a machine learning algorithm (Quantile 
Regression Forest)

• Phase II:  N, P, K nutrient budgets

GSOCseq 

GSNmap 

Global Soil Nutrient and Nutrient Budget MapsGSNmap



Join the 
country-driven 

mapping 
exercise 

Capacity 

Development

Join world-class 

trainings: online 

and in-person!

On-demand 

support

Have access to 

on-demand 

technical support 

sessions

QA/QC

Assure the quality 

of your data 

product by 

following state-of-

the art guidelines 

National Map

Obtain important 

insights for 

effective policy-

making



Country guidelines & 
technical specifications



Document 

https://www.fao.org/documents/card/en/c/cc1717en

https://www.fao.org/documents/card/en/c/cc1717en


Soil field/lab 

measurements

Environmental

data

Soil-forming factors

Input Data

𝑓(x)

Empirical 

models

Inference 

models

CEC

SOC

Clay

Silt

Sand

...Soil property maps 

soil class maps

presence/absence features

Uncertainty maps

Primary Soil Information

Bulk density

Available water

SOC Stock

Black Soils

...

Derived Soil Information

Soil Nutrient avail.

Soil oxigen avail.

Soil Salinity

SOCseq

Soil Functions

Crop suitability

Land Capability

Soil Erosion

…

Decision-support Information

Digital Soil Mapping S = ƒ(s,  c,  o,  r,  p,  a,  n) + ε



Target 
nutrients and 
soil 
properties 



Technical Manual



Technical Manual at a glance

• Step-by-step instructions for mapping
• Topics covered:

i. Preprocessing
ii. Soil data preparation
iii. Download of environmental covariates
iv. Covariate selection and model calibration
v. Prediction of soil properties
vi. Uncertainty assessment
vii. Export of layers
viii. Steps for quality assurance and quality control

• Published on GitHub with interactive features

Advanced version: https://fao-sid.github.io/GSNmap-TM/

https://fao-sid.github.io/GSNmap-TM/


Case study - Argentinian district

Dummy data  modified for eductaional purposes originally dervied from the 
National Institute of Agriculture Technology and National University of Mar del 
Plata (Unidad Integrada INTA-FCA) (Sainz Rozas et al., 2019)



GSNMAP - PHASE II



Introduction

• FAOSTAT, IFA and IFRI have been the leading providers of nutrient dynamics at global levels by delivering

information on a national and yearly basis

• In the last years, some studies have already addressed mapping the global soil nutrient budget (West et 

al., 2014 and Zhang et al., 2021), as well as estimations of input and output factors

• GSNmap - Phase II aims to enhance global-scale soil nutrient budgets by considering the soil nutrient

stocks and losses from erosion and leaching factors under a country-driven approach

• Initial soil nutrient stocks provide a reference baseline for assessing the impact of nutrient budget maps

and determining soil degradation

• Country-driven approach, combining local expertise and global data on fertilizer use and crop data

• Phase II of the GSNmap presents a Tier approach that allows for the incorporation of nationally available

information



• Zhang et al., 2021 
• FAOSTAT, 2022
• Lesschen et al., 2007

Nutrient budget framework



Input/Output Tier One (Default Datasets) Tier Two (National Datasets)

Synthetic Fertilisers (SF) Mueller et al., 2012. Nutrient 

Application for Major Crops (EarthSTAT) 

Lu et al. 2017. Global nitrogen and 

phosphorus fertilizer use in agriculture.

- Fertilisers by Nutrient (FAOSTAT 

https://www.fao.org/faostat/en/#data/RFN) 
at subnational level

INPUT: Synthetic Fertilizers (crop type)

http://www.earthstat.org/nutrient-application-major-crops/

mineral fertilizers, manure, and atmospheric deposition

https://www.fao.org/faostat/en/
http://www.earthstat.org/nutrient-application-major-crops/


Input/Output Tier One (Default Datasets) Tier Two (National Datasets)

Manure Applied to Soils

(MAS)

West, et al., 2014. Nutrient Application 

for Major Crops (EarthSTAT) 

Zhang, B et al. 2017. Global manure 

nitrogen production and application in 
cropland

- Livestock Manure (FAOSTAT 

https://www.fao.org/faostat/en/#data/EMN) 
at subnational level

INPUT: Manure applied to soils

http://www.earthstat.org/nutrient-application-major-crops/

mineral fertilizers, manure, and atmospheric deposition

https://www.fao.org/faostat/en/
http://www.earthstat.org/nutrient-application-major-crops/


Input/Output Tier One (Default Datasets) Tier Two (National Datasets)

Nitrogen Deposition (ND) West, et al., 2014. Nutrient Application 

for Major Crops (EarthSTAT) 

- Cropland Nutrient Budget (FAOSTAT

https://www.fao.org/faostat/en/#data/ESB)
at subnational level

INPUT: Nitrogen deposition

http://www.earthstat.org/nutrient-application-major-crops/

mineral fertilizers, manure, and atmospheric deposition

https://www.fao.org/faostat/en/
http://www.earthstat.org/nutrient-application-major-crops/


Input/Output Tier One (Default Datasets) Tier Two (National Datasets)

Biological Fixation (BNF) Yu, T. and Zhuang, Q. 2020. Modelling

biological nitrogen fixation in global
natural terrestrial ecosystems.

- Cropland Nutrient Budget (FAOSTAT

https://www.fao.org/faostat/en/#data/ESB)
at subnational level

INPUT: Biological fixation

https://bg.copernicus.org/articles/17/3643/2020/

Simulated spatial distribution of BNF rates (kg N2 ha−1 yr−1)

https://www.fao.org/faostat/en/
https://bg.copernicus.org/articles/17/3643/2020/


Input/Output Tier One (Default Datasets) Tier Two (National Datasets)

Crop Removal (CR) Monfreda et al. 2008. Harvested Area

and Yield for 175 Crops (EarthSTAT)

SMAP IFPRI V4 (Yu et al., 2020)

Subnational information

OUTPUT: Crop removal

http://www.earthstat.org/harvested-area-yield-175-crops/

Harvested Area and Yield for 175 Crops year 2000 

Harvested-area maps for maize in all farming systems (Yu et al., 2020)

https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/PRFF8V

http://www.earthstat.org/harvested-area-yield-175-crops/
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/PRFF8V


Input/Output Tier One (Default Datasets) Tier Two (National Datasets)

Nitrogen Leaching (NL) Braakhekke et al., 2017. Nitrogen

leaching from natural ecosystems

under global change

Lesschen et al., 2007

OUTPUT: Nitrogen leaching 

https://esd.copernicus.org/articles/8/1121/2017/esd-8-1121-2017.pdf
https://easy.dans.knaw.nl/ui/datasets/id/easy-dataset:75687

https://esd.copernicus.org/articles/8/1121/2017/esd-8-1121-2017.pdf
https://easy.dans.knaw.nl/ui/datasets/id/easy-dataset:75687


Input/Output Tier One (Default Datasets) Tier Two (National Datasets)

Nitrogen
Loss (denitrification +
volatilization) (NLO)

Carlson et al. 2016. Greenhouse gas
emissions intensity of global croplands
(EarthSTAT)

NLO (Kg N ha yr-1) = 0.025 + 0.000855 P
(mm) + 0.13 F (inputs mineral + organic kg N
ha yr) + 0.117 SOC (%) (Lesschen et al., 2007)

OUTPUT: Nitrogen loss 

http://www.earthstat.org/greenhouse-gas-emissions-croplands/

Greenhouse Gas Emissions on Croplands

http://www.earthstat.org/greenhouse-gas-emissions-croplands/


Input/Output Tier One (Default Datasets) Tier Two (National Datasets)

Erosion (ER) Borrelli et al 2017. JSR Global Soil

Erosion

National Soil Erosion Map

OUTPUT: Erosion

https://esdac.jrc.ec.europa.eu/content/global-soil-erosion#tabs-0-description=0

Global soil (water) erosion 

Soil nutrient 
stock 

from Phase I

https://esdac.jrc.ec.europa.eu/content/global-soil-erosion


Expected results

Lesschen et al., 2007

• Nutrient stocks estimated during Phase I 

might be included as an input factor to 

estimate nutrient loss by soil erosion, 

and to the ratio between nutrient 

depletion with regard to nutrient stock

• While this will only be a (static) picture, 

not on a yearly basis, it can be taken as a 

baseline to measure the risk of soil 

degradation



• GEE script with global defaults and 
GSNmap layers from Phase I

• Countries can upload assets (layers) for 
the other global parameters if available at 
national level

• A country could request to be blank in the 
final map, to submit all standard layers 
(Tier 1), or to improve the estimation of 
any of the input layers (Tier 2).

Implementation plan



GSNMAP - CURRENT STATUS



CAPACITY DEVELOPMENTGSNmap

322 Participants

6 Regional interactive 
online trainings based on 
real soil data.  

Source: United Nations Geospatial. 2020. Map geodata [shapefiles]. New York, USA, United Nations, modified by the authors.
Notes: Dotted lines represent approximately the Line of Control in Jammu and Kashmir agreed upon by India and Pakistan.
The final status of Jammu and Kashmir has not yet been agreed upon by parties.



16 GSNmap submissions

12 AFACI Soil+ project

04 SOILCARE project

32 Countries

SUBMISSIONSGSNmap

Source: United Nations Geospatial. 2020. Map geodata [shapefiles]. New York, USA, United Nations, modified by the authors.
Notes: Dotted lines represent approximately the Line of Control in Jammu and Kashmir agreed upon by India and Pakistan.
The final status of Jammu and Kashmir has not yet been agreed upon by parties.

+



National map publication processGSNmap

1. Datacube 2. Metadata 3. Publish



National map publication processGSNmap



Conclusions and next steps
↗ GSNmaps methodologies are robust after revisions from

international experts
↗ Several countries have been trained to produce these maps
↘ Updated Soil Nutrient maps are a hot topic after the fertilizer crisis, 

but lack of data and data accessibility are the most common
barriers to provide these maps

↘ Budget maps are even more challenging that soil property maps
↗ Synergies with expert INSOILFER could boost engagement and data 

accessibility



Conclusions and next steps

↗ Involving GLOSOLAN in this product could boost GSNmap.

• Do we stop producing global maps, but we continue providing
trainings?

• Is it valuable for INSII members to publish these national products in 
GloSIS?

• Would you consider successful the initiative although we don’t get 
Global Maps?



Thank you for your attention
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