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Monitoring 
The longest running integrated national 

monitoring programme in the UK

Modelling
Exploring policy options and 

outcomes

Evidence Provision
What we do know; what we don’t 
know; trade-offs and co-benefits

Three key elements



Delivery through a 20 year community partnership

Objectives: To provide ongoing evidence and support for a 
wide range of evidence and modelling requirements

Who: 17 partners to ensure capability to cover agriculture, 
forestry, tourism, air, soil, water, climate, biodiversity, public 
health and well-being, economics and more….

What: A 10 year programme building on the last 10 years of 
collaboration (2012 – 2022 GMEP & ERAMMP'1')

Funding: Welsh Gov, with the programme led by UKCEH and 
past co-funding



Professor Bridget Emmett
UKCEH Head of Soils and Land Use
UK Centre for Ecology & Hydrology

Monitoring Sustainable Land 

Management in Wales – potential 

indicators



• Sustainable production of food and other goods
• Mitigate and adapt to climate
• Maintain and enhance the resilience of ecosystems and the benefits they provide

(a) diversity between and within ecosystems; 
(b) the connections between and within ecosystems; 
(c) the scale of ecosystems; 
(d) the condition of ecosystems (including their structure and functioning); 
(e) the adaptability of ecosystems

• Conserve and enhance the countryside and cultural resources and promote public 
access to and engagement with them, and to sustain the Welsh language and promote 
and facilitate its use

Sustainable Land Management Objectives

One distinct indicator and one distinct target is required for each objective
(Dec 2025)



What makes a good indicator? 

• Relevant
• Efficient 
• Representative
• Can be linked to historic data (but also exploits new 

technology)
• Easily understood
• Reliable and reproducible.

Also can be: 
• Individual indicator
• Aggregate indicator (if so – transparency needed how 

weighted)
• Proxy indicator



An indicator can also be at any step in the Logic 

Chain Approach

1. Management practices
2. Asset
3. Ecological functions

4. Ecosystem services

5. Public goods

6. Social values
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7. External pressures



Work collaboratively

Service a wide customer base

Collect once – re-use often

Optimise and target

Sharing of data

Modelling and scenarios testing

Rapid feedback to policy

Past GMEP community work in this area agreed we need 

to ……



Current reporting lines

WFG National Indicators SoNaRR GMEP/ERAMMP



And…..



National robust data sources (field, EO, citizen, social, modelling....)

etc.. etc…



One data source is the GMEP / ERAMMP 

National Field survey

• Vegetation composition
• Pollinator surveys
• Bird surveys
• Woodland and woody linear feature mapping
• Soil sampling and peat depth
• Soil erosion
• Ponds
• Headwater streams
• Landscape photography
• Historic environment features
• Public footpaths

All co-located in a carefully selected set of 300 
1km squares to provide nationally representative 
statistics of the state of the wider countryside



Co-located measurements to identify inter-dependencies

Blue indicates - captured in field survey. Other outcomes 
through farmer surveys, modelling and economic analysis use 
different approaches



• Citizen science

• Earth Observation, aerial photography, LiDAR

• Modelling

• Carbon footprinting

• Farmer Practice Surveys

• Citizen surveys

GMEP/ERAMMP also captures additional evidence 

through..



Categories (and number) of indicators GMEP/ERAMMP 

indicators reported in the past by: a) Glastir objectives 

and b) logic chain stages

Biodiversity, 60

Woodland, 13
Freshwater, 18

Climate Change 
Mitigation, 12

Landscape & Access, 6

Soil Health, 17

Economic , 13

Resilience, 14

a)
Asset-Functions, 1

Asset-condition, 82

Asset-extent, 14

Management, 32

Public Good, 8

Ecosystem Service, 15

Social Values, 1

External Pressures, 0

b)



National data tables and trends (e.g. soil carbon)

Improved 
land

Habitat  
land

Woodland



But then we need easily accessible summaries of what is 

improving, declining and stable in short and long term

Historical context and underlying causes

New indicators for 

future reporting



And then we can convert the field survey data into 

elements linked to resilience

The DECCA concept of resilience:

• Diversity

• Extent

• Condition

• Connectivity

• (Adaptive capacity)

Land coming into the Glastir scheme is already more 
‘resilient’ than rest of Wales

GMEP report (2017)



Accounts and valuation (where that’s possible) of the 
benefits we derive from our Natural Resources 
working with the Office of National Statistics

Farmland, Forestry and Freshwater = £30.5 billion 
pa

76% is not captured in standard GDP assessment 

Recognition the accounts are incomplete as 
standardised methods are unavailable for all services
Other sources of evidence need to be included in any 
policy decision. 

And Natural Capital Accounts….

Natural Capital Accounts for Wales for 
Farmland, Forestry and Freshwater



• A focus on Sustainable Land Management and SMNR
• How to aggregate individual indicators to provide a single indicator for each SLM 

objective
• Recognise the benefits of better alignment of programmes and indicators across the 

UK whilst recognising devolved needs
• Monitoring of designated land is a gap
• Land to sea transfer and interface is poorly captured
• Citizen science versus citizen engagement – being clear which and when its 

appropriate
• Better exploitation of new technologies e.g. remote sensing but recognising it can’t do 

everything
• Integration of monitoring and modelling / environmental and social data
• Data access and sharing whilst protecting personal data

Challenges and opportunities going forward
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1. What should be the balance across the logic chain? 

2. What indicators will resonate with government, stakeholders including the wider 

public

3. How to aggregate to provide a single indicator for each SLM objective  – “one 

out / all out”?

4. What have we missed? 

• End points for sustainable land management?

• Data sources?

• Other? 

Questions for you…..



Thank you

Diolch!

www.erammp.cymru

www.erammp.wales



The ERAMMP 

Integrated Modelling Platform (IMP)

Professor Paula Harrison
UK Centre for Ecology & Hydrology



COMPLEX CHALLENGES
… AND OPPORTUNITIES

COMPLEX INTERACTIONS

MULTIPLE DRIVERS

Between Drivers

Between Sectors

How to incentivise change?

Across Space

How to maximise synergies …

AGRICULTURE

FORESTS

URBAN

WATER

BIODIVERSITY

FLOODING

… and avoid unexpected trade offs!

RURAL LIVELIHOODS

PUBLIC GOODS

ENVIRONMENT

The complexity of modelling land use and environment

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwixlZK5zcnQAhUqAsAKHf3lCSYQjRwIBw&url=http%3A%2F%2Fwww.photowall.co.uk%2Fphoto-wallpaper%2Frural-forest&psig=AFQjCNG-6WcpTBYiUKBGwxAvbWFeGGqoJg&ust=1480359074342074
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwje1b3QzcnQAhUBCsAKHSwUBSsQjRwIBw&url=http%3A%2F%2Fwww.tatachemicals.com%2Fapplications%2FAgriculture&bvm=bv.139782543,d.ZGg&psig=AFQjCNH3qbAf5sqWdIiWilVDbZ67OJVsnw&ust=1480359118509842
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjipIeOz8nQAhXDBcAKHXYGDskQjRwIBw&url=http%3A%2F%2Fwww.bhcltd.co.uk%2Fportfolio%2Fcommercial%2F15-18-lime-street-london-ec3&bvm=bv.139782543,d.ZGg&psig=AFQjCNH2EJfi12HuUeuWHi0nIeACI99DmQ&ust=1480359508929123
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjIwt3_z8nQAhUlJMAKHQthCRgQjRwIBw&url=http%3A%2F%2Fwww.bbc.co.uk%2Fnews%2Fuk-25973892&psig=AFQjCNG5jMfGUSDUm4t3eGArPOWI6Di1aA&ust=1480359745153738


Scenario and modelling platforms

Scenarios: Combine consistent changes in multiple drivers to portray a range of plausible 

futures for a region. 

Models: Simulate consequences of scenarios and enable exploration of the effectiveness of 

policy options and management strategies.

Integrated Modelling Approaches:

• Integrated models build understanding of the complex interdependencies within 

human-environment systems and allow exploration of responses that are robust to multiple 

uncertain futures and avoid unintended trade-offs.

• Single sector models may misrepresent the direction, magnitude and spatial pattern of 

impacts because they omit these complex interdependencies. 



Benefits of integrated cross-sectoral modelling

Differences between single sector and integrated models by regions within the EU: 

Change > 100%

Change > 50%

Change > 25%

Change > 5%

Change < 5%

Changes in different directions *

Changes in same direction

Harrison et al. (2016). Climate change impact modelling needs to include 
cross-sectoral interactions. Nature Climate Change, 6(9): 885-890. 

Direction of change differs 
between single sector and 
integrated models



What is the ERAMMP IMP?

• A tool for rapid exploration of the effects of policy and management interventions on farm 

viability, land use and public goods in Wales. 

• It takes an integrated approach, recognising that policy effects in one sector have indirect 

effects in other sectors.

• It comprises a chain of specialised, state-of-the-art models covering agriculture, forestry, 

land use allocation decisions, biodiversity, ecosystem services (water quality, air quality and 

carbon/greenhouse gases) and their valuation. 

• User specified interventions and model outputs are aligned where possible to support and 

inform policy development:

 Post EU Exit trade deals

 Sustainable Farming Scheme (Ongoing)



• It is highly spatially resolved:

 The IMP operates at various spatial resolutions 

depending on what scale is most appropriate 

for the indicator being simulated.

 The finest spatial resolution is used for 

simulating farm type and land use transitions is 

the Decision-Making Unit (DMU).

 A DMU is sub-farm (often field-scale) defined 

as a managerially homogenous cluster of soil 

type, rainfall and land cover.

What is the ERAMMP IMP?
small area

DMU



A simplified 

overview of 

the IMP

Forestry

Production Economics

Agriculture

Biodiversity

Birds

Plants Farm Emissions

Public Goods

Carbon

Human Health ValuationAir Quality

Water

Why land use may change
Brexit trade deals

Farm gate prices
Farmer payments

Environmental regulations 
Climate change

Land Allocation
Module

Scenario output for policy and 
management insight



IMP schematic
• Scenario settings      

co-created with Welsh 
Government

• 11 linked models

• Each model is run for 
multiple scenario 
settings to build up a 
data cube

• Data is passed 
between models to 
represent 
interdependencies 
between sectors

• Interface to 
present/access data



IMP schematic
Scenario settings co-created 
with Welsh Government

Top of modelling chain:

• Simulates land use and 
land management 
change

Bottom of modelling chain:

• Simulates consequences 
of land use and land 
management change on 
biodiversity and 
ecosystem services



IMP schematic
Scenario settings co-created 
with Welsh Government

Top of modelling chain:

• Simulates land use and 
land management 
change

Bottom of modelling chain:

• Simulates consequences 
of land use and land 
management change on 
biodiversity and 
ecosystem services

Farm-scale model:
• Decisions based on 

profitability (considering 
climate, soils, 
management and 
incentives)



IMP schematic
Scenario settings co-created 
with Welsh Government

Top of modelling chain:

• Simulates land use and 
land management 
change

Bottom of modelling chain:

• Simulates consequences 
of land use and land 
management change on 
biodiversity and 
ecosystem services

Land Allocation Model:

• Developed specifically 
with WG to respond to 
changes in on-farm 
income



A partnership

approach



Aqua Book Compliance

RIGOUR:

• Repeatable: Same inputs/ constraints  same 
outputs. 

• Independent: Free of prejudice or bias. 

• Grounded in reality: Connections made between 
the analysis and its real-world consequences. 

• Objective: Effective engagement and suitable 
challenge reduces potential bias. 

• Uncertainty-managed: Uncertainties identified, 
managed and communicated.

• Robust: Result provided in the context of residual 
uncertainty and limitations in order to ensure it is 
used appropriately. 

• Assumptions detailed and agreed

• QA performed and documented

• Uncertainties explored



IMP limitations and assumptions (examples)

• The IMP is applied to only full-time farms (> 1 FTE labour)

• Changes in land use are driven by on-farm economics and 
land suitability. They do not take into account skills or 
cultural and behaviour responses

• As a simplification, the biodiversity and ecosystem service 
models in the IMP assume that a farm that comes under 
economic pressure will leave agriculture in the short-term, 
with the land undergoing natural regeneration or being 
afforested

Models are a simplification of reality, but they can provide useful insight when used for a 
particular purpose … all models have limitations and make simplifying assumptions, e.g.



Six land use scenarios were provided by WG based on a series of 
internal and external workshops as changes in farm gate (output) 
prices and input costs to explore different post-Brexit trade 
agreements:

1. Trading on world prices – based on FAPRI MFTA 

2. FTA with the EU only (from FAPRI data)

3. FTA with All (EU, USA, Australia and NZ)

4. FTAs with USA, Australia and NZ; No FTA with EU

5. FTAs with EU, Australia and NZ; No FTA with USA

6. FTAs with EU, USA and Australia; No FTA with NZ.

Demonstrating the analytical capability of the IMP

https://erammp.cymru/en/integrated-monitoring-platform

https://erammp.cymru/en/integrated-monitoring-platform


Total Farm Business Income from full-time farms

Total number of 
full-time farms: 

• 7726 in Baseline 

• 7117 in FTA with EU

• 6052 in FTA with All

17% increase

8% reduction

27% increase

35% reduction



Change in managed land use and livestock

Percentage change (relative 
to simulated baseline)

Simulated farms remaining in 
full-time agriculture: 
FTA with EU: 7117
FTA with All: 6052



New woodland on farms leaving full-time agriculture

Total area of new woodland: 
6,060 ha (+5%)

• Total new woodland area (ha) 
from afforestation and natural 
regeneration.

• Totals largely driven by 
afforestation.

• Afforestation will only occur 
on appropriate former 
agricultural land that will 
generate a positive net 
present value (NPV) from 
forestry.

Total area of new forest: 
53,995 ha (+32%)

FTA with EU FTA with All



CSM = Common 

Standards Monitoring 

species (specialist 

plants of other semi-

natural habitats)

Change in habitat suitability for plants
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FTA with EU: FTA with All:



FTA with EU

Water quality: Change in P concentration in WFD catchments

FTA with All
• P concentration is projected 

to deteriorate in several 
catchments, reflecting 
increased agricultural 
intensity (dairy).

• P concentration is projected 
to improve in some 
catchments where land 
transitions to non-agricultural 
uses, including woodland.



Changes in LULUCF carbon stock

FTA with EU FTA with All
• Decreases reflect reductions in areas 

of permanent and rough grass, and 
increases in arable-grass rotation.

• Increase reflect new woodland, 
largely due to the significant C 
storage potential of biomass and 
harvested wood products. 

Change in 

C stock (t/ha)



Benefits

FTA with EU FTA with All

Units

FTA with EU FTA with All

Type of value

Physical measure
Present value, 

75 yrs, £

Air Quality
Increase of 

60 years
Increase of 

59 years
Avoided Life Years Lost 

each year 
- £ 85m - £ 85m 

Reduction in costs of 
health impacts from air 
pollution 

Water 
Quality

65 
Deteriorate, 
3 Improve

108 
Deteriorate, 
5 Improve

Expected changes in 
WFD status due to 

changes in P
- £ 33m - £ 47m

Benefit to people from 
knowing of/ enjoying 
higher quality freshwater 
environments

Carbon & 
GHGs

Increase of 
116m tCO2e

Increase of 
218m tCO2e

Total tonnes of net 
CO2eq sequestration  

and avoided emissions
over 75 years

- £ 8,037m - £ 14,990m
Benefit of reducing 
carbon emissions from 
non-traded sources

Summary of public goods values



Iterative exploration of SFS bundles of actions

• The IMP has been/is being used to model some potential elements of the SFS. 

• Highly exploratory and iterative process:

• working together over the longer term to iteratively test policy assumptions

• learning from previous iterations informs runs for next phase

• responsive to both emerging evidence and policy



IMP Paper in Press!

• Harrison et al. (2023)

• Submitted March 2023

• Journal: Environmental Modelling and 
Software

• Describes:

• The IMP approach

• The models involved

• The QA of the models and IMP

• Example applications to illustrate capability

• It’s world-leading co-design approach to 
supporting policy exploration and testing

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4408349

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4408349


Summary

• The IMP provides a policy-relevant, integrated modelling tool that can provide scientific 
evidence to inform rapidly evolving policies across sectors.

• Particularly important to its development and its application to the SFS are:

 Co-design through a long-term partnership between WG and the IMP team;

 Transparency of the model and its assumptions (following Aqua book);

 Iterative approach: builds trust and understanding in the results; 

 Flexible: can be adapted quickly to changing WG needs;

 Timely: model runs delivered at a pace that is able to inform quickly evolving policy 
needs. 



Diolch / Thank you

• PaulaHarrison@ceh.ac.uk

• RDunford@ceh.ac.uk

For further information on the IMP, contact:

mailto:PaulaHarrison@ceh.ac.uk
mailto:RDunford@ceh.ac.uk

