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Housekeeping

• Use the question icon to type questions for 

the presenters. We will answer as many as possible 

in the Q&A session at the end of the webinar.

• The webinar is being recorded and will be made 

available after the webinar.
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Outline

How Natural Capital Thinking Can Help in Climate and Ecological Emergency 

Planning

• The Climate & Ecological Emergency and Natural Capital

• What are Natural Capital and Ecosystem Services? 

• What is a Natural Capital Thinking?

• Where do Nature-based Solutions fit in?

• Opportunities to Manage Land for Climate Impact

• Key Financial Mechanisms 

• Case study: Landscape Enterprise Networks in Cumbria (James MacPherson)

• Case study: Corporate Carbon Offsetting at Woolden Moss (James MacPherson)

• Case Study: Cheshire West Climate Emergency Support (Matt Rooney)

• Case study: Value of Recreation in the Kolmården Area (Henrik Nordzell)
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The Climate & Ecological Emergency and Natural Capital

• Many LAs declaring climate emergency – must decarbonise rapidly

• Investments in efficiency and low carbon energy supply inadequate

• Must also meet ecological crisis AND multiple social challenges incl: 

• biodiversity loss

• soil degradation

• flooding

• housing 

• food quality & security 

• health & social care

• Need additional solutions that address multiple challenges 

• LULUCF (Land Use, Land Use Change and Forestry) and NbS well suited

• All concerns natural capital & ecosystem services



What are Natural Capital and Ecosystem Services? 

• Natural capital refers to ‘stocks’ of natural 
resources (e.g. wind, water, biodiv’, soils, 
mineral deposits). 

• Ecosystem services are the benefits that ‘flow’ 
from natural capital (e.g. energy, food, 
regulation of flooding and CO2). 

• All business and social value is ultimately derived 
from natural capital. 

• Businesses and society both impact and depend
upon these services, and this creates risks & 
opportunities.

Dependencies

Impacts

From Natural Capital Coalition



What is a Natural Capital Assessment? 

• Essentially an investigation into a company’s relationship with nature.

• Emerging convergence around the Natural Capital Protocol:

1. Frame: 
• Why carry out the assessment? 
• What are the I&Ds and potential R&Os?

2. Scope: 
• What are the objectives? 
• What is the necessary scope? 
• Which I&Ds? (Materiality assessment)

3. Measure & Value: 
• Measure I&D drivers
• Measure change in state of natural capital
• Value (can be monetary, quantitative or even qualitative)

4. Apply: 
• Interpret & test results
• Take action to integrate outcomes into business (act on R&Os)



Where do Nature-based Solutions fit in?

• 25YEP - solution to ‘twin imperatives of climate change and extinction’

• About solving problems by working with nature:

• Natural features and processes

• Adapted to local systems

• Address sustainability challenges 

• Lead to ‘co-benefits’ that promote societal resilience.

• Three broad types:

1. Improve management of natural ecosystems (low intensity)

2. Managing multifunctional landscapes (moderate intensity)

3. Engineering of ecosystems in built environment (high intensity)

• NbS are a form of natural capital – need management and decision-
making frameworks



Opportunities to Manage Land for Climate Impact

• The key measures with clear cobenefits: 

• Forestry – afforestation and forest management

• Peatlands – halt degradation and restore

• Floodplains – restore natural processes 

• Improve semi-natural habitats – e.g. grasslands as carbon stores

• Low-carbon farming practices - N efficiency, livestock/ feed measures, manure mgmt

• Improving soil and water quality – linked to above but broader, e.g. includes eutrophication

“[If] we have a certain goal for land-based strategies for climate mitigation, 
why not arrange that in ways that will buy us the maximum benefit?”

Rebecca Chaplin-Kramer
Stanford University's Natural Capital Project.



Key Financial Mechanisms

• Funding natural capital is a challenge common to all UK LAs.

• But there is potentially a diversity of mechanisms (see eftec Investment Plan)

• Higher-level taxonomy may be helpful helpful:

1. Payments for Ecosystem Services (Public)
• Government schemes such as CSS and ELMS

2. Payments for Ecosystem Services (Private)
• Philanthropy, impact investors, institutional 

investors, corporates, etc.



Case study: Cumbria Landscape Enterprise Network

• Cumbria multifunctional landscape, including actors such as:

• Tesco – livestock products

• Nestle UK – milk supplier

• United Utilities – catchment & water management

• National Trust – recreation

• Co-op Insurance – many customers

• Iggesund Paperboard – biomass power plant

• Environmental and socio-economic problems: 

• Flooding: 4,500 homes, 1,000 businesses at risk (2015 Storm Desmond)

• Water: 22% waterbodies bad/ poor condition (linked to ag/ extractives)

• Habitat extent/ quality: SN woodland, rough grassland, wetlands, UL hay meadows  

• Rural economy: high dependency on subsidies; declining producers. 

The Problem: Eden & Esk Catchment Impacts and Dependencies 

Figure from BITC, Nestlé and 3Keel



Case study: Cumbria Landscape Enterprise Networks

• Approach builds new value propositions in the 

landscape by combining: 

• stakeholder engagement 

• geospatial analysis of natural capital and 

ecosystem services  

• Provides framework for business collaboration:

• STEP 1: Identify businesses with dependencies

• STEP 2: Identify where interests overlap

• STEP 3: Develop ‘land-based’ solutions 

• STEP 4: Broker agreements between parties

• STEP 5: Expand

The Solution: How it works

Figure from BITC, Nestlé and 3Keel, 
who developed the approach



Case study: Cumbria Landscape Enterprise Network

• Natural Habitat in the area provides ES including:
• Biodiversity conservation 
• Recreation and beauty 
• Water quality
• Flood risk mitigation 

• Supports stakeholders in the landscape including:

• Water Companies  (e.g. United Utilities)

• Conservation organisations (e.g. National Trust)

• Larger companies (e.g. Nestlé, Tesco, Iggesund) 

• Local businesses (incl. tourism)

• Insurance Companies (e.g. Coop Insurance) 

• Options to collaborate include brokerage of: 

• Private habitat payments scheme (larger companies)

• Habitat resilience bond (larger companies)

Example: Ullswater Habitat Resilience

Figure from BITC, Nestlé and 3Keel



Case study: Corporate Carbon Offsetting

• Pressure on Heathrow to decarbonise: 

• CORSIA (UN) agreement to offset new emissions from 2020

• Limited potential to reduce carbon intensity of aviation. 

• Public opposition to expansion

• Publicly committed to carbon-neutral growth

• Partnered with Wildlife Trust and Defra to restore Little Woolden Moss.

• Degraded due to history of peat extraction 

• Up to 70 hectares will be restored through a £94,000 investment.

• Potential carbon savings of > 22,000 t over the next 30 years

• Caution is needed; ‘traditional’ offsetting challenges apply (e.g. 
additionality, permenance, verification)

Heathrow Airport and Little Woolden Moss, Salford



Climate Emergency Strategy Support

November 2019 

[Publicly available at:
https://www.cheshirewestandchester.gov.uk/your-
council/councillors-and-committees/the-climate-
emergency/the-climate-emergency.aspx ]

Cheshire West & Chester Council

Case study: Local Authority Profiling

https://www.cheshirewestandchester.gov.uk/your-council/councillors-and-committees/the-climate-emergency/the-climate-emergency.aspx


5. Agriculture and Land Use
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5. Agriculture and Land Use

Key results

Summary

• Gross emissions1 from agriculture and land use are in excess of 340 ktCO2e, approximately 8% 
of emissions from the CW&C energy system.

• Emissions from livestock are the dominant source of emissions from land use and 
agriculture, responsible for approximately 92% of gross emissions. Dairy cows are 
responsible for 55% of gross emissions and non-dairy cows are responsible for 33%.

• The other 8% is the result of crop and grassland emissions, typically the result of nitrous 
oxide emissions from fertilisers. The land also acts as a carbon sink, removing approximately 
1% of gross emissions from the atmosphere. 

• Using Committee on Climate Change forecasts, reducing consumption of beef, dairy and 
lamb could reduce gross emissions by as much as 37% per year as compared to current gross 
emissions. 

• Doubling the area of planted forest within the CW&C region could reduce emissions from 
livestock and land by approximately 25% as compared to current gross emissions.

1- ‘Gross emissions’ are defined as emissions which have not been subjected to any offsetting against soil and biomass carbon. 

Estimates in numbers

Agri & Land emissions 
are equivalent to 8% of 

the energy system

8% of Agri & Land 
emissions from fertilizer 

application 

92% of Agri & Land 
emissions are from 

livestock 

1% emissions 
sequestered back into 

biomass & soil



5. Agriculture and Land Use
Summary

Co-benefits and considerations

Avoiding the worst impacts of climate change is complementary to many other objectives. In the 
context of land use in CW&C, there are many co-benefits of taking steps to cut emissions. When 
deciding where and how to make emissions reductions there are many other considerations, 
including but not limited to:

• Future land stewardship promotions by government;

• Flood management;

• Maintaining landscape character, particularly in the context protected land, nature reserves or 

Areas of Outstanding Natural Beauty (if applicable);

• Maintaining and enhancing biodiversity, including connected habitats;

• Improving animal welfare;

• Balancing food production with land-use management and land-use change; 

• Opportunities to work together as a wider region to make the necessary carbon reductions in a 

way that maximises the co-benefits while minimising potential adverse impacts.

Comparison with BEIS data

According to 2017 BEIS data, gross emissions from agriculture were 35.5 ktCO2, offset by a figure of 
3.6 ktCO2 resulting from land use, land-use change and forestry (LULUCF).

The significant disparity in the emissions reported by BEIS and our analysis stems from the 
different greenhouse gases at work.

BEIS datasets considers only CO2 emissions and neglects other greenhouse gases such as methane 
and nitrous oxide. These gases are emitted in significant volumes within the agriculture sector, 
through rearing of cattle livestock and fertilisers. Anthesis’ analysis considers these gases and 
provides a figure for the equivalent weight of CO2 after accounting for the more potent methane 
and nitrous oxide (see page 37).  



5. Agriculture and Land Use
Land

The single largest land use is urban infrastructure (non-

agricultural land), which forms about 30,600 hectares (33%) of 

the total. The next major land-type is permanent grassland of 

25,200 hectares (27%) then Arable land (20%) and woodland / 

trees (including trees in hedgerows and fields) of 12,300 

hectares (13%).

The map below is taken from the Crop Map of England, which 

mainly uses satellite data to identify land-uses and crop types; it 

is a snap-shot at a point in time (summer 2018) and should be 

considered indicative only.

The table below summarises land use:

Rural Payments Agency, 2019: Crop Map of England (2017)

Land Use Hectares %

Non-agricultural land 30,632 33%

Permanent Grassland 25,175 27%

Arable 18,871 20%

Woodland (including trees in fields 

and hedgerows)
12,323 13%

Fallow land 2,579 3%

Legumes / nitrogen fixing 2,080 2%

Heathland 2,044 2%

Water 418 0%

Total 94,121 100%

Table 9: Land-use in the region

https://data.gov.uk/dataset/9b5bb45f-0bef-4b1d-a6f9-9189e29746c2/crop-map-of-england-crome-2017-complete


5. Agriculture and Land Use
Emissions from Agriculture & Livestock 

Emissions from agriculture come from two main sources:
• Livestock production produces 92% of gross emissions. The majority comes from enteric 

fermentation in dairy cattle.
• Fertiliser applications produce the remaining 8%. The main sources are nitrous oxide from 

grassland (which has low fertiliser applications but a large total area) and wheat production 
(which has a high average fertiliser application rate and large area). These will vary each year if 
crops are rotated.

Land-use, land-use change and forestry is currently acting as a net sink of CO2, storing 1% of the 
gross emissions from livestock and land each year.

The table below describes the emissions from agriculture and land (see Appendix 11 for 
inclusions, exclusions and methodology):

Annual emissions CO2 equivalent, t % of gross

Livestock1 315,269 92%

Crop and grassland 

(non-CO2)2
27,697 8%

Gross emissions 342,966 100%

Land (soil and 

biomass carbon)3
-2,519 -1%

Total 340,447 99%

Table 10: Emissions from agriculture and land. 1. Methane from enteric fermentation and manure management, plus 
nitrous oxide from direct manure management. 2. Nitrous oxide emissions from fertiliser (including manure) 
application to land. 3. Net carbon sequestration, taken from “UK local authority and regional carbon dioxide emissions 
national statistics.” The statistics report does not provide any detail on what this is, but it may come from soil carbon 
returning to equilibrium following historic changes e.g. afforestation, deforestation / conversion to cropland or 
grassland. 

A note on different greenhouse gases

The numbers in the tables are shown as CO2 equivalents, using well-established conversion 

factors. Methane (87% of emissions above) is a very potent greenhouse gas which, in the 

short term (20 years), has 84 times the warming effect of carbon dioxide and, in the long 

term (100 years) has 28 times the effect. While carbon dioxide emissions are the primary 

cause of climate change, cuts to methane emissions have a much more immediate climate 

impact, helping to limit short- and long-term temperature increases. Nitrous oxide (13% of 

gross emissions) has 265 times the warming impact of carbon dioxide – reductions in this 

gas from reduced fertiliser use and manure management are also needed.

Livestock type Number Total CO2e, t Per head CO2e, t

Dairy Cattle 40,828 188,377 4.61 

Non-dairy cattle 58,156 111,637 1.92 

Sheep 42,444 5,575 0.13 

Pigs 21,750 8,712 0.40 

Poultry 508,024 966 0.00 

Total 671,202 315,269 0.47 

The table below shows emissions from livestock. These come predominantly from methane 
emissions by breeding dairy cattle, due to the large feed intake required for producing milk, 
and the large herd size.

Table 11: Livestock emissions.



5. Agriculture and Land Use
Soil Carbon

The maps opposite show estimated soil carbon to 15cm in the area in 
1978 and 2007. The numbers (tonnes of carbon per hectare) are 
broadly comparable to the first column of the table above. The areas 
with higher carbon stocks correspond largely with areas designated 
within the Countryside Surveys as improved grassland (as carbon 
stocks are estimated using this designation).

Total soil carbon in the top 15cm for the area, based on the above 
data, is estimated to be 4.6 million tonnes carbon, equivalent to 16.9 
MtCO2. Extrapolating this to a depth of 100 cm gives approximately 10 
million tonnes carbon stored, equivalent to 35.6 MtCO2.

Above-ground carbon
Using the values in Table 13 above and applying them to the broad 
land-types within the Crop Map of England gives an estimated 
900,000 tonnes of carbon (3.4 MtCO2) stored in vegetation. The 
majority is within woodland and trees, using an area of 12,300 
hectares.

Figure 8: Estimated soil carbon stocks to 15cm based on land-cover type (land-use) and soil characteristics. Source: Countryside
Surveys 2007 and 1978. The map is lower-resolution than the CROME and the underlying land-uses in this map don’t always 
correspond to those in CROME.



5. Agriculture and Land Use
Soil and Biomass Emissions

A detailed breakdown of the soil and biomass carbon number is not available for the CW&C 
borough as a whole, but it is available for Chester. The table below shows that grassland and 
forests act as carbon sinks, storing a total of about 30,900 tCO2 per year in Chester. However, 
these sinks are more than outweighed by soil carbon losses arising from cropland and 
settlements. Such losses typically occur due to land conversions in earlier years but can also arise 
due to the way soils are managed. The wider region is a carbon sink of -2,519  tCO2 , likely due to 
the larger proportion of forestland and grassland outside of Chester, relative to settlements and 
cropland. 

Land type tCO2e

Grassland -17,925 

Forestland -12,959 

Settlements 12,718 

Cropland 18,918 

Total 752 

Table 12: Estimated soil and biomass gains and losses for Chester only. Source: BEIS / CEH / Ricardo. 

Land use - forestry
Forestry in the UK as a whole is a net carbon sink, storing an average of 5.5 tCO2 per hectare per 
year for existing woodland. Of this, about 1.3 tonnes are stored in the soil, 2.9 tonnes in trees, 
and 1.3 tonnes in dead wood and leaf litter. Applying this average to the total area of forestry in 
the CW&C area would give net storage of about 68,000 tCO2

Habitat

tC per ha tCO2,per ha
Soils 

(15cm)
Vegetation

Soils

(100 cm)

Vegetation & 

Soils (100 cm)

Vegetation & 

Soils (100 cm)

Dwarf shrub heath 88 2 218 220 799

Coniferous 

woodland
90 70 185 255 935

Broadleaf, mixed 

woodland
73 70 150 220 808

Neutral grassland 69 1 130 170 628
Improved 

grasslands
67 1 116 117 431

Arable and 

horticulture
47 1 95 96 351

per year; this is plausible given the 12,959 t for Chester alone in the table below. Additional data 
on forest age and type would be needed to better estimate the actual contribution of current 
forestry to net emissions. 

Carbon stocks by land use
Understanding existing carbon stocks can help prioritise areas for action – for conservation of 
existing stocks or for additions through land-use management or change. Carbon is stored in 
several “pools” – the key ones being soil and above-ground biomass (trees, crops and other 
plants). The balance of total carbon between these pools depends on the type of land –
woodland stores relatively more carbon in above-ground biomass (trees) than cropland or 
grassland, for example.

Table 13: Carbon stocks by land-use type. Adapted from Natural England, 2012  and Open University 2018 . Carbon in 
soils to 100cm is extrapolated from 15cm using ratios calculated from Natural England 2012. 



5. Agriculture and Land Use
Emissions Reductions Scenarios

The UK Committee on Climate Change (CCC) provides several scenarios for how changes in land-
use and agriculture can contribute towards the UK’s emissions reductions targets. These are set 
at low, medium and high ambitions. These represent business-as-usual, adoption of currently-
available measures, and more radical and novel measures respectively. Only the medium and 
high ambition measures are considered here.

Dietary Change
This scenario includes a reduction in the national consumption of dairy, beef and lamb of 20% 
(medium) and 50% (high) by 2050. Some of this is replaced by increased consumption of pork 
and chicken. This is modelled here as a 20% or 50% reduction in cattle numbers, and the same 
reductions in grassland and associated fertiliser applications. Pig and chicken numbers increase 
by 20% under both ambition levels. 

Grassland is reduced by about 5,000 and 13,000 hectares respectively in the medium and high 
scenarios. While more crops will be needed to replace some of the animal products, gains in 
productivity should mean little additional cropland is needed.

Afforestation
For this report, the equivalent area of grassland freed by dietary change is converted to 
forestland over the period to 2100. The forest management plan used by the CCC is followed – a 
mix of native broadleaved and conifer woodlands which are managed to provide some fuel and 
harvested wood products. 
The grassland area is planted at a constant rate per year to the year 2100, equivalent to 60 
hectares per year (medium) and 150 hectares per year (high). Grassland is assumed to be 
replaced by woodland to provide a simple scenario for the purposes of these calculations.1 

Planting 12,600 ha of woodland would double the existing area of woodland within CW&C.

1 - The overall UK woodland mix is used here (using the published CCC numbers), which includes a much higher proportion of conifers than would normally be planted in England or Wales. This will likely 
overstate carbon storage as faster-growing conifers tend to store more carbon under the scenarios analysed. In practice, where and on what type of land woodland is planted depends on a variety of factors 

including the suitability of the land and the aim of providing connected habitats for biodiversity promotion.

Greenhouse gas emissions reductions
The table below shows average annual emissions reductions associated with these scenarios 
between now and 2100.

CO2e, t net emissions 

reductions per year
% of current gross emissions3

Scenario Medium High Medium High

Dietary change (grassland) - change to 

2100
-388 -969 -0.1% -0.3%

Dietary change (livestock) - change by 

2050
-49,313 -125,710 -14% -37%

Dietary change (subtotal) -49,701 -126,679 -14% -37%

Planting forests on saved land -37,046 -84,356 -11% -25%

Total -86,747 -211,036 -25% -62%

Table 14: emissions reductions from the two scenarios. 1. This is the average annual savings from the reductions in 
cattle and sheep and associated grassland use by 2050. 2. This is the average annual net carbon sequestration over 
the period to 2100 in biomass and soil. 3. Gross emissions are used here as the impact on current sequestration (and 
net emissions) is not known.

With medium ambition the measures can reduce gross emissions in this sector by about 25%. 
With high ambition, emissions can be reduced by 62%.  



Key points

•Profile gives a more complete picture of emissions from 
agriculture and land than existing BEIS data

•More complete profile and high level scenarios give a more 
realistic, ‘order of magnitude’ idea of change required

•This analysis can serve as a starting point for engagement of 
various businesses and stakeholders in the region



Case Study: Value of recreation in the Kolmården

Area (Municipality of Norrköping)



Case Study: Value of recreation in the Kolmården

Area (Municipality of Norrköping)

• Trafikverket, The Swedish Transport Administration (STA), is 

responsible for long-term planning of the transport system 

for all types of traffic, as well as for building, operating and 

maintaining public roads and railways

• Ostlänken is the new high-speed railway going south from 

Stockholm

• Sweco was tasked by the STA to suggest different layouts 

within the rail-way corridor through forest at Kolmården, 

which has high social and ecological value

• Five layouts were scored according to cost, functionality, 

impact on social development, climate impact and impact 

on the environment.

Valuation of non-market goods in rail-way construction decision 
making: The Swedish Transport Administration



Case Study: Value of recreation in the Kolmården

area, municipality of Norrköping

• Ultimately two suggestions made it to the final 
table, with very different levels of impact on 
recreation

• Layouts 1 and 17 had the best scores overall, 1 
having the lower construction cost and 17 having 
the lowest impact on the environment (in this case 
species habitat and recreation), going mostly 
through the area in a tunnel

• In the remittance process the Swedish EPA 
requested an environmental economics study on 
the recreational values, for comparison of the true 
cost to society. The assignment to quantify and 
value this effect was given to Anthesis.

Valuation of non-market goods in rail-way construction decision 
making: The Swedish Transport Administration



• To quantify potential impacts, Anthesis conducted 
interviews with local authorities and stakeholders and
assessed how the access to some of the most popular 
sites within the area would be effected, both during 
construction and in the long run.

• With benefit transfer we then determined the 
monetary loss to society if alternative 1 would be built 
instead of alternative 17.

• Uncertainties were considered by setting up different 
scenarios, resulting in a cost ranging from 97 to 162 
Million SEK (10-16 MEURO)

• This value was then put on top of the construction cost 
of alternative 1, leading to the final decision of going 
ahead with alternative 17.  

Case Study: Value of recreation in the Kolmården

area, municipality of Norrköping

Valuation of non-market goods in rail-way construction decision 
making: The Swedish Transport Administration
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Please join the ACN for future 
events

Please contact 
matt.rooney@anthesisgroup.com
to add you to the private 
collaboration platform

mailto:matt.Rooney@anthesisgroup.com
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