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Advances in soil health monitoring for food 
and nutrition security, climate change action, 
biodiversity and ecosystem restoration



Key messages
• Landscapes are diverse – we need methods that assess this variability
• We have the tools and methods to measure and track soil health, as well as the 

underlying processes of land degradation
• Combining systematic monitoring and citizen science
• Soil spectroscopy and remote sensing

• We can now monitor at scales relevant to multiple stakeholders: 
• 1) farm scale 2) national scale 3) globally

• Robust monitoring that is accessible can prioritize and track investments
• Multi-stakeholder action to catalyze investments in soil health



Soil erosion is the most widespread form of degradation
Photo credit Joakim Vågen

>25% of the Earth’s surface is degraded, impacting 3.2 
billion people (GLO2, 2022, IPBES, 2018)



Healthy soil 
provides 
multiple 
ecosystem 
services & 
functions



Targeted investments in soil 
health are urgently needed

• To reverse and prevent land and soil 
degradation

• To provide nutritious food
• To contribute to climate change 

mitigation with soil carbon 
sequestration

• To realize the Sustainable Development 
Goals (SDGs)

• To reach ecosystem restoration targets



Landscapes are diverse: This requires 
understanding the context and variability

• Requires a sampling design to capture this variability to prioritize interventions
• Soil analysis technologies that are cost-effective and robust
• Data analytics that can assess the complex drivers of degradation
• Frameworks that can track changes over time (i.e., performance of agricultural and 

restoration interventions)



The LDSF was developed in 
response to the need for…
Systematic and science-based assessment 
and monitoring of soil and ecosystem health 
at scale, using a robust and consistent 
indicator framework to:
• Assess of variability of and conduct a rapid 

assessment of multiple variables across 
landscapes

• Conduct robust statistical analysis on drivers 
of degradation and relationship between 
variables

• Produce high quality maps of key indicators

• Set a baseline that can be used to monitor 
changes over time

http://landscapeportal.org/blog/2015/03/25/the-land-
degradation-surveillance-framework-ldsf/

http://landscapeportal.org/blog/2015/03/25/the-land-degradation-surveillance-framework-ldsf/


S

Consistent, robust and rapid monitoring systems across diverse ecosystems
The Land Degradation Surveillance Framework (LDSF)

http://landscapeportal.org/blog/2015/03/25/the-land-degradation-surveillance-framework-ldsf/

Data-driven network of LDSF 
sites (each site is 100 km2, with 

160 sampling plots). One 
systematic framework across 

multiple projects, donors, 
initiatives.

http://landscapeportal.org/blog/2015/03/25/the-land-degradation-surveillance-framework-ldsf/


Unbiased 
sampling

LDSF: Nested 
Sampling Scales

Land Degradation Surveillance Framework (LDSF)

Site Level (10km * 10km)
Cluster Level 
16-1km2 per site 

Plot Level
10-1000m2 per cluster 



Soil organic carbon (SOC) is 
a key indicator of soil health
• It influences many key processes such as water holding 

capacity of the soil, overall soil fertility, and it also influences 
land (and agricultural) productivity.

• In addition, it responds to management. For example, poor 
agricultural management can decrease organic carbon in the 
soil, while regenerative ag practices can increase SOC. 

• It is quantifiable and rapid to measure (and we can map it 
spatially).

• It is not the only indicator, and hence monitoring 
frameworks must assess multiple indicators simultaneously.



Indicators measured with the LDSF
Soil health variables
• Organic carbon (OC)

o Concentrations
o Stocks

• Acidity (pH)
• Total Nitrogen (TN)
• Base cations (Mg2+, Ca2+, K+, Na+)
• Soil texture (% sand, silt and clay)
• Soil biological indicators

• Mycorrhizal spores
• Bacteria: fungi

Land degradation
• Soil erosion prevalence
• Root-depth restrictions

Vegetation Assessments
• Tree density 
• Shrub density
• Vegetation structure 
• Vegetation distribution
• Tree biodiversity
• Shrub biodiversity
• Herbaceous cover
• Rangeland Health

• Grass & forb biodiversity
• Herbaceous cover

Soil Hydrology
• Infiltration capacity

• Saturated hydraulic conductivity

Land Management
• Agricultural practices
• Land cover classification
• Land use (history)
• Landform designations
• Impact on habitat
• Soil and water conservation measures



Collecting Soil Samples in the LDSF
• Soil samples are collected in the field
• Soil samples are taken from each subplot (n=4) and 

composited at the plot level at two depths
• 160 topsoil (0-20 cm) samples per site 
• 160  subsoil (20-50 cm) samples per site

• All soil samples are analyzed using mid-infrared 
spectroscopy – which enables landscape scale 
analysis 

• Reference soil samples are analyzed using traditional 
wet chemistry (pH, organic carbon, total nitrogen, 
base cations, etc)

• Predictions are made using the spectra
• Soil cumulative mass samples (0-20,20-50,50-80,80-

110 cm) for carbon stock calculations



• jyfy

• MIR &NIR spectroscopy for accurate, robust, low-cost analysis of multiple 

properties, simultaneously

• Can be used to analyze plants, compost, manure, fertilizers, liquids and yes soil!

• Enables landscape scale sampling- which was previously limited by costs of analysis

• This has transformed research and requires NEW skills of soil scientists

• ICRAF has invested >20 yrs to build a consistent spectral library (database) for a 

number of spectrometers

• Investment in spectral data analytics
https://wle.cgiar.org/solutions-and-tools/science-driven-solutions/shining-a-light-on-
soils-for-land-restoration/

https://wle.cgiar.org/solutions-and-tools/science-driven-solutions/shining-a-light-on-soils-for-land-restoration/


MIR Spectroscopy is Accurate, Robust and Cost-efficient

Vågen, T., L. A. Winowiecki, W. Twine, and 

K. Vaughan. 2018. Spatial Gradients of 
Ecosystem Health Indicators across a 

Human-Impacted Semiarid Savanna. J. 

Environ. Qual doi:10.2134/jeq2017.07.0300

https://dl.sciencesocieties.org/publications/j

eq/articles/0/0/jeq2017.07.0300

• Visit our webpage to learn more about what we are doing: 
https://www.cifor-icraf.org/research/theme/soil-and-land-health/

https://dl.sciencesocieties.org/publications/jeq/articles/0/0/jeq2017.07.0300
https://www.cifor-icraf.org/research/theme/soil-and-land-health/


Photo: Kelvin Trautman

Applications of the LDSF

Photo: Kelvin Trautman



Soil erosion is a key indicator of land degradation

Global-level assessments for global crop and climate models
Vågen, T.-G.; Winowiecki, L.A. Predicting the Spatial Distribution and Severity of Soil Erosion in the Global Tropics using Satellite Remote Sensing. 
Remote Sens. 2019, 11, 1800. https://www.mdpi.com/2072-4292/11/15/1800

https://www.mdpi.com/2072-4292/11/15/1800


Advances in data analytics, soil 
spectroscopy and digital soil mapping 
have allowed for more accurate and real-
time assessments of of soil and land health, 
including land degradation status. 

Vågen, Tor-G., Winowiecki, L., Tondoh, J.E., Desta, L.T. and Gumbricht, T. 2016. 
Mapping of soil properties and land degradation risk in Africa using MODIS 
reflectance. Geoderma. http://dx.doi.org/10.1016/j.geoderma.2015.06.023

http://www.sciencedirect.com/science/article/pii/S0016706115300082

Mapping of Root Depth 
Restriction (RDR50) at 50 cm 
depth at 500-m Resolution

http://www.sciencedirect.com/science/article/pii/S0016706115300082


National-level 
Assessments for 

reporting on national 
commitments.

Example showing soil erosion 
in Kenya



Key indicator of Land Degradation: Soil Erosion 
Prevalence

Farm-level assessments at 30 meter resolution to track what is happening at the 
farm/household level – impact of restoration/ management options on soil erosion 



Important to assess multiple biophysical indicators at the same time to capture 
complexity: Example of soil organic carbon a key indicator of soil health



Example Output: Assessing Soil Carbon Storage as Potential 
Climate Change Mitigation Strategy

• Contrasting sites in Tanzania, Ethiopia and Kenya to 
demonstrate utility of method: SOC stocks to 30 cm

• To understand landscape patterns of SOC stocks
• SOC stocks are lower by 0.9 kg m2 (p < 0:01) on average 

in eroded versus non-eroded areas. 

Vågen&and&Winowiecki,&2013.&Mapping&of&SOC&stocks&
for&spa>ally&explicit&assessments&of&climate&change&
mi>ga>on&poten>al.&Environmental&Research&LeHers.&8&



Winowiecki, LA., Vågen, T-G., Kinnaird, MF, TG. O’Brien. 2018. Application of systematic monitoring and 
mapping techniques: Assessing land restoration potential in semi-arid lands of Kenya. Geoderma. 
https://www.sciencedirect.com/science/article/pii/S001670611830510X

Soil organic 
carbon (SOC)

Soil erosion 
prevalence

Spatially explicit assessment of priority areas for restoration: 
SOC and Erosion in Laikipia County, Kenya

Restoration 
priority 
areas

https://theconversation.com/le
ssons-from-kenya-on-how-to-
restore-degraded-land-98178

https://www.sciencedirect.com/science/article/pii/S001670611830510X
https://theconversation.com/lessons-from-kenya-on-how-to-restore-degraded-land-98178


Informing and tracking restoration in Rwanda

Winowiecki, L. A., Bargués-Tobella, A., Mukuralinda, A., Mujawamariya, P., Ntawuhiganayo, E. 
B., Mugayi,   A. B., Chomba, S., and Vågen, T.-G. 2021. Assessing soil and land health across two 
landscapes in eastern Rwanda to  inform restoration activities, SOIL, 7, 767–783, 
https://doi.org/10.5194/soil-7-767-2021

https://doi.org/10.5194/soil-7-767-2021




Citizen science data collection using the 
Regreening App
https://play.google.com/store/apps/details?id=com.icraf.gsl.
regreeningafrica&hl=en

Used by (among others):
• Implementing partners
• Scientists
• Extension agents
• Lead farmers
• Nursery managers

Modules:
• Tree planting
• FMNR
• Nurseries
• Training

https://play.google.com/store/apps/details?id=com.icraf.gsl.regreeningafrica&hl=en


Online Data Reporting System to track progress on the ground

Rwanda Tree Species

Senegal Tree Species



Online open-access Decision Dashboard that brings together the LDSF 
data and the citizen data collected with the App

• Explore and interrogate data
• Zoom into soil and land health 

maps 
• Explore relationships between 

indicators

https://dashboards.icraf.org/app/ra_dashboard

https://dashboards.icraf.org/app/ra_dashboard


https://news.mongabay.com/2021/08/farmers-regreen-kenyas-drylands-with-agroforestry-and-an-app/

Translating Science into action to accelerate impact on the 
ground: Stories of Transformation

https://www.cifor-icraf.org/restoration-for-resilience/dryland/

https://news.mongabay.com/2021/08/farmers-regreen-kenyas-drylands-with-agroforestry-and-an-app/
https://www.cifor-icraf.org/restoration-for-resilience/dryland/


CA4SH 
Update





> 100 partners to date



CA4SH UPDATES



Highlighting Partner 
Activities: Share your 
resources, links, events and 
pitch a story 



UNFSS Coordination Hub 
Update

● 13 June 2022
● CA4SH presented in a plenary on thought leadership
● The hub is strategizing how to support Coalitions
● Coalitions Compendium



https://www.coalitionforsoilhealth.org/ca4sh-events

https://www.coalitionforsoilhealth.org/ca4sh-events


#ActionOnFood #COP27Soil #SoilResolution
https://foodsystemspavilion.com/thematic-day/11-nov-boost/

https://foodsystemspavilion.com/thematic-day/11-nov-boost/


SOIL HEALTH 
RESOLUTION @ COP 27

● CA4SH with partners have drafted the 
Soil Health Resolution 

● The draft Soil Health Resolution will 
be launched at the UNFCCC COP 27

● Read it here: 
https://www.coalitionforsoilhealth.or
g/soil-resolution

● Reach out to countries, contacts, 
member states! 

● CA4SH Coordination Team 
coordination@coalitionforsoilhealth.
org

● Join us all day 11 Nov- first-ever 
Boosting Soil Health Day @COP27 
#COP27Soil #SoilResolution

https://www.coalitionforsoilhealth.org/soil-resolution
mailto:coordination@coalitionforsoilhealth.org


SOIL HEALTH 
PLENARY 

RESOLUTION 
@ COP 27

11Nov 2022
13:00-14:00 UTC +2

● Join us all day 11 Nov- first-ever 
Boosting Soil Health Day @COP27 
#COP27Soil #SoilResolution

● https://foodsystemspavilion.com/b
oost/partner-session/

https://foodsystemspavilion.com/boost/partner-session/


foreststreesagroforestry.org | globallandscapesforum.org | resilientlandscapes.org

cifor.org | worldagroforestry.org

The Center for International Forestry Research (CIFOR) and World Agroforestry (ICRAF) envision a more equitable world where forestry 
and landscapes enhance the environment and well-being for all. CIFOR-ICRAF are CGIAR Research Centers.

Thank you!

Leigh Ann Winowiecki L.A.Winowiecki@cgiar.org
Tor-Gunnar Vågen T.Vagen@cgiar.org

Check out CIFOR-ICRAF Soil and Land Health Webpage for videos, brochures, and more:
https://worldagroforestry.org/landhealth
Video: Scaling ecosystem restoration in agricultural landscapes: 
https://youtu.be/qvf0drWdTq4
AlJaZeera Earthrise special: http://youtu.be/vFMSEHV7Ap4

mailto:L.A.Winowiecki@cgiar.org
mailto:T.Vagen@cgiar.org
https://worldagroforestry.org/landhealth
https://youtu.be/qvf0drWdTq4
http://youtu.be/vFMSEHV7Ap4

