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CHANGING LANDSCAPES

People’s 
wellbeing 

Agriculture$

Integrated management decisions
(restoration, low-impact farming, markets)

Rural landscape

 People and nature: continuous interaction
 Landscape approaches: influence interaction
 Ecosystem services (ES): linking people’s wellbeing to nature



www. wordart.com

(Willemen et al 2008)
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Putting ecosystem 
services on the 
map



Source: Willemen et al. 2014
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USEFUL MAP

Palomo et al., 2018

 User-relevant
 Robust
 Transparent 
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TODAY: 

TIME & TIMING



Source: landsat.gsfc.nasa.gov

• Trends in ecosystem services 
• Impact of area management

WHEN TIME MATTERS…



Land degradation
A persistent loss of productivity, ecosystem services 
and biodiversity

& Restoration

Source: IPBES, 2018



Loss of ecosystem services compared to?

CAPTURE CHANGE Influence on perception, 
policy and actions

Time

St
at

e 
of

 th
e 

la
nd

Yesterday Now

Goal

Holoceen
1960

 Information over time is key; make action-relevant comparisons

Restore to?



SOURCE: NASA

Observations to 
keep track

CAPTURING TIME



CAPTURING TIME IN THE 
FIELD

Fact sheets and 
participatory mapping

Citizen science; camaras
measures & counts

Small sensors
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CAPTURING TIME THROUGH 
THE WEB

Social media: 
preference & behaviour
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Sources: Van Berkel et al.,  Willemen et al. 2015; www.strava.com/heatmap

Michigan



CAPTURING TIME FROM 
SPACE

Remote sensing
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Land surface temperature 

Sources: Muchando. 2019; Romijn 2020

Restoration



CAPTURING TIME: ECOSYSTEM SERVICE MONITORING

Tech-driven

People-driven

Engaging
Holistic
Feasible?

Objective
Precise
Skills?

Account for bias/error

 FAIR spatial data allowing for comparison over time

Change or error?

t2

t1



TIMING

Source: WorldMapper



CATCHING NATURE’S RHYTHM



http://richiecarmichael.github.io/sat/index.html



CATCHING NATURE’S RHYTHM

Reflectance

Radiance
Data

Images & 
Indices

Multiple times per month



 NDVI ‘greenness’

 Land cover

 Leaf Area Index

 Land/sea surface temperature
 Elevation
 Water
 Suspended solids 
 CDOM index (Dissolved Organic Matter)

REMOTE SENSING INDICES FOR ECOSYSTEM SERVICES

Most often used

(De Araujo Barbosa 2015; Cord et al 2017; 
Ramirez-Reyes et al 2019)

Index

Ecosystem  
service

??
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CALIBRATING ECOSYSTEM SERVICE SUPPLY



CAPTURING ECOSYSTEM SERVICES WITH REMOTE SENSING

Source: T Del Rio Source: NDVI ESA Sentinel 2

=

Linear regression fitting

Vegetation indices: NDVI, SAVI, MSAVI, 
IRECI, NDVI705, GNDVI, NDVI45, MTCI
Water index: NDWI
Soil index: Brightness index (BI) 

+
Slope, 
elevation, 
access

Ecosystem services
Erosion control 
Forage provision

R2= 0.8
R2= 0.9

 Systematic testing of diverse RS indices



FOLLOWING THE RHYTHM? 

Erosion control (SrtVC)

Av
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Del Rio-Mena et al, 2020

Rainfall (mm)



RHYTHM AND TIMING

 Measures to manage and plan for change

Account for fluctuation 
and alignment of nature 
and human demand



ADVANCING SPATIAL ANALYSES AND APPLICATION

(Willemen et al., 2028)

1) Capture relevant moments in time

2) FAIR, diverse, spatial data allowing for comparison over time

3) Systematic testing of diverse RS indices

4) Measures to manage and plan for change

Partnership: sharing, diverse angles, joining forces  

IT’S ABOUT TIME





Cited literature
 Willemen, L., R. Kozar, A. Desalegn, and L. Buck. 2014. Spatial Planning and Monitoring of Landscape 

Interventions: Maps to link People with their Landscapes. A Users' Guide. , Washington DC, USA
 Palomo, I., L. Willemen, E. Drakou, B. Burkhard, N. Crossman, C. Bellamy, K. Burkhard, C. S. Campagne, 

et al. 2018. Practical solutions for bottlenecks in ecosystem services mapping. One Ecosystem 3:e20713.
 van Oudenhoven, A. et al. 2018. Key criteria for developing ecosystem service indicators to inform 

decision making. Ecological Indicators 95:417-426.
 IPBES. 2018. Summary for policymakers of the assessment report on land degradation and restoration of 

the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. R. Scholes, L. 
Montanarella, A. Brainich, …M. Sankaran and L. Willemen (eds). IPBES Secreteriat, Bonn, Germany.

 Van Berkel D. et al. Estimating the value of cultural ecosystem services for the United States.
 Willemen, L., A. J. Cottam, et al. 2015. Using Social Media to Measure the Contribution of Red List 

Species to the Nature-Based Tourism Potential of African Protected Areas. PLoS ONE 10:e0129785
 Muchando, A. 2019. Remote sensing assessment of land restoration interventions in South Africa. MSc 

thesis. University of Twente, Enschede.
 Romijn, T. 2020. Th ecolling effect of urban green spaces in Paramaribo. MSc thesis. University of 

Amsterdam. Contributing to www.groenparamaribo.org
 de Araujo Barbosa, C. et al . 2015. Remote sensing of ecosystem services: A systematic review. 

Ecological Indicators 52:430-443.
 Cord, A. F., et al . 2017. Priorities to Advance Monitoring of Ecosystem Services Using Earth Observation. 

Trends in Ecology & Evolution 32:416-428.
 Ramirez-Reyes, C., et al. 2019. Reimagining the potential of Earth observations for ecosystem service 

assessments. Science of The Total Environment 665:1053-1063
 del Río-Mena, T., L. Willemen, A. Vrieling, and A. Nelson. 2020. Understanding Intra-Annual Dynamics of 

Ecosystem Services Using Satellite Image Time Series. Remote Sensing 12:710.

http://www.groenparamaribo.org/


CAPTURING TIME: ECOSYSTEM SERVICE EVALUATION

 Pattern for comparison over time

Compared to where?
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Account for change
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