
Strengths and weaknesses of three 
ecosystem services models applied in a 

diverse UK catchment

Jack Cosby, Katrina Sharps, Dario Masante, Amy Thomas, John 
Redhead, Linda May, Bethanna Jackson, Havard Prosser, Bridget 

Emmett, Laurence Jones.

Centre for Ecology and Hydrology (CEH), UK

Guidance for 
Implementation



Glastir is the sustainable land management 
scheme, offering financial support to farmers 
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ca. £80M to Welsh farmers yearly  
• To benefit the environment 
• To compensate for reduction 

in income

The question is: 
Does it work?



Glastir Monitoring and Evaluation Programme (GMEP)

GMEP provides an objective, independent, 
scientific approach to: 

• Identify ongoing national trends in the 
environment

• Quantify impacts of Glastir interventions 
against background trend

• Provide data for other national and international 
reporting requirements (e.g. Water Framework, 
Habitats and Bird Directives, Kyoto, etc)

• Attribute change and determine implications for 
ecosystem services

• Provide Guidance for use and interpretation 
of Ecosystem Services Models and Outputs

GMEP - A combined monitoring and modelling approach to maximize 
environmental, social and economic outcomes at the national scale

• Co-located collection of environmental data
• Modelling to target activities and predict impacts



GMEP data collection: An ecosystem approach

Co-locating data 
collection enables 
understanding and 
analysis of correlations 
and interdependencies 

Data will inform on impact of 
Glastir against background trends
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GMEP modelling: Anticipating outcomes 

In GMEP, a suite of models are applied to forecast possible outcomes: 
• Changes at national scale due to a wide number of drivers

e.g. current land management, air pollution, climate change
• Changes due to legacy of past agri-environment schemes
• Glastir interventions, with upscaling for projected uptake

Many tools available, ranging in complexity and scale. Which to choose ?

We compare 3 spatially explicit ecosystem service tools to provide 
guidance for implementation: 

ES models allow the evaluation of the impact of land-use change and/or alternative 
management options on ecosystem service delivery. 



Ecosystem services model comparison

• The three models differ in approach and produce a wide 
range of different outputs for any given service. 

Developed as an online platform to allow model building. Can use 
probabilistic methods (Bayesian networks) if insufficient local data 
available. Easy to use online tool is under development. 

Combines land use and land cover data with information on supply 
(biophysical processes) and demand to provide a service output 
(economic or biophysical). Freely available to download.

Incorporates biophysical processes, applying topographical 
routing for hydrological and related services, and using lookup 
tables where appropriate (e.g. carbon model). Also has a unique 
trade-off tool. Available for public use in 2017.



Study system

Conwy catchment, 
North Wales, UK.

Small catchment in global 
terms (580 km2)

Diverse range of: 
• elevation (0-1060m)
• climate
• geology
• land use



Ecosystem services modelled

Water supply Carbon stocks Nutrient retention (N & P)

• Models were parameterised for the UK and then applied to the study catchment.

• Validated using empirical data from the catchment:
- Flow data from 2 sites within catchment (in UK gauging station network).
- Soil carbon, above and below-ground biomass data collected from 18 sites

within catchment.
- Water quality data from 1 site within catchment.

© NERC – Centre for Ecology & Hydrology.

© NERC – Centre for Ecology & Hydrology.



Water supply

The water models performed well when 
compared with measured data from the 
catchment.

Model validation
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Carbon stocks

Carbon stock (kg/m2)
Biomass + 30 cm soil          

Carbon stock (kg/m2)
Biomass + 1 m soil         
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ARIES modelled C conc
(not stock) and top 15 cm 
of soil only (no biomass) • InVEST and LUCI similar (10%)

• Both biased high (50%)
• “Measured” is estimate 
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Nutrient retention

Overall, models did not perform well, 
(difficulties in assigning export coefficients)

Model validation
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Trade-offs 

Using the LUCI trade-offs tool, can 
investigate appropriate placement 
of interventions and protective 
measures. 

When all modelled services were 
considered, there is opportunity to 
enhance multiple services, 
particularly in east of catchment. 



DURESS scenarios created by:

• Appraising drivers of change in 
expert workshops representing all 
appropriate sectors (farming, 
forestry, water, communities, 
nature…)

• Identifying plausible land 
management responses to each 
driver of change, called projections.

• Analysing possible interplay 
among these projections to 
construct the four storylines.

DURESS future scenarios for Wales

Managing future risk – scenarios & planning

What does the future hold?



Scenarios

“Managed ecosystems” scenario

Grassland        Woodland (GW)

(5, 10, 30% catchment)

We tested the sensitivity of all 3 models 
to land-use change of varying severity.

The DURESS scenarios were developed through discussions with stakeholders and 
experts on current and future drivers of land-use change in Wales.



Scenario results



Recommendations and guidance for implementation

Using three well-known ES models, we demonstrate: 

ES models can provide quantitative and mapped outputs for services within a study 
catchment. Outputs for different scenarios of land-use change can be compared and 
trade-offs between services can be visualised. Therefore these models are extremely 
useful for planning purposes.

When the three models were compared:

• The models provided broadly comparable quantitative outputs.

• There is a wide variety of possible outputs for each service.

• Each tool has unique features and strengths.

• InVEST has detailed documentation and example data, therefore would be useful for 
those with time constraints. This tool also produces economic valuation.

• LUCI would benefit users seeking fine scale outputs or interested in mapping trade-offs.

• ARIES allows the customisation of models and is particularly useful when data is scarce. 



Guidance for Implementation

Thanks for your attention

https://gmep.wales/

This work ‘Location, Configuration, Distribution: the Role of Landscape Pattern and Diversity in Ecosystem Services; 
NERC project NE/K015508/1; CEH Project NEC05059’ was funded with support from the Biodiversity and Ecosystem 
Service Sustainability (BESS) programme. 

LUCI modelling work was funded through the Glastir Monitoring and Evaluation Programme (GMEP), contract reference: 
C147/2010/11), NERC/Centre for Ecology & Hydrology (CEH Project: NEC04780). LUCI Mapping derived from soils 
data © Cranfield University (NSRI) and for the Controller of HMSO 2011.
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