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Executive Summary  

 

The UK has signed the Paris Agreement to pursue efforts to limit global temperature rise since the pre-

industrial period to 1.5 oC, and passed legislation committing the nation to reach net-zero greenhouse 

gas emissions by the year 2050. Alongside rapid and substantial reductions in emissions, another way 

to help us get to net-zero is to enhance processes that take greenhouse gases out of the air, such as 

tree planting and woodland restoration.  

The Climate Change Committee (CCC) estimate that it is possible for the UK to reach net-zero by 2050, 

assuming that the equivalent to around 5% of the nation’s current greenhouse gas emissions are 

removed from the atmosphere by afforestation, agroforestry, and hedge growing. UK government has 

committed to reaching 30,000 hectares of new woodland creation per year by 2025, with around one 

third of this area expected to be delivered in England. 

Applying the UK’s Woodland Carbon Code, we find that new woodland creation in excess of 2,800 

hectares per year across the White Rose Forest region is likely to be required to sequester up to 50% of 

residual carbon dioxide emissions in 2050 (assuming emissions reduction pathways are followed). To 

highlight the scale of this challenge, only 2,330 hectares were planted in England during 2019-2020 with 

a total of 13,460 hectares across the whole UK. 

We also explore the role of trees outside woodlands and find that they comprise roughly 40% of the 

existing tree canopy cover of the White Rose Forest region. We estimate that trees outside woodlands 

across the region store approximately 10 MtCO2 and take up almost 360 ktCO2 annually, equivalent to 

around 2% of the WRF region’s collective CO2 emissions in 2018. 

Whilst the carbon uptake of trees in woodlands or forests is accounted for in the national inventory of 

greenhouse gas emissions, trees outside woodlands are not yet represented. Our analysis highlights the 

important contribution that trees outside woodlands are currently making in the region, suggesting an 

important missing component in the national inventory and providing evidence to support their 

protection. 
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Introduction 

 

Climate change and why trees can help 

The UK has signed the Paris Agreement to keep global temperature rise below 2 oC this century and to 

pursue efforts to limit it to 1.5 oC. To do this, scientists from the Intergovernmental Panel on Climate 

Change estimate that we will need to halve our emissions of carbon dioxide in the next decade and 

reach “net-zero” by the middle of the 21st century1. 

The UK Government has passed legislation committing us to reach net-zero greenhouse gas emissions 

by the year 2050.  Alongside rapid and substantial reductions in emissions, another way to help get to 

net-zero is to enhance processes that take greenhouse gases out of the air, either naturally or artificially; 

this might include tree planting and forest restoration, direct chemical capture of carbon dioxide from 

the air, and the production of bioenergy with carbon capture and storage.  

Carbon dioxide (CO2) is taken in during plant photosynthesis. Some of this carbon is stored long-term 

in tree branches, trunks, roots and surrounding soils, whilst the rest is released back into the air as the 

forest respires. The rate at which carbon is taken up by a woodland depends upon many factors including 

the tree species present, how old it is, the local climate, and how the woodland is being managed. Most 

of our knowledge comes from commercially managed forests; there’s still a lot we don’t know about the 

rate at which less intensively managed woodlands will take up carbon. 

Carbon sequestration is the net amount of carbon taken out of the air by a woodland each 

year, carbon storage is how much carbon the woodland has accumulated over time. 

The Climate Change Committee (CCC) estimate that it is possible for the UK to reach net-zero by 2050, 

assuming that the equivalent to around 5% of the nation’s current greenhouse gas emissions are 

removed from the atmosphere by afforestation, agroforestry, and hedge growing2. The CCC’s ambitious 

scenarios include woodland creation across the UK in the range of 30,000 – 50,000 hectares (1 hectare 

is approximately the size of a rugby pitch) per year until 2050. UK government has committed to reaching 

30,000 hectares of new woodland creation per year by 2025, with around one third of this area expected 

to be delivered in England. Recent new woodland creation was 2,330 hectares in all of England during 

2019/20203. 

 

 

1 Intergovernmental Panel on Climate Change, 2018, https://www.ipcc.ch/sr15/ 

2 Committee on Climate Change, 2019, https://www.theccc.org.uk/publication/net-zero-the-uks-contribution-to-

stopping-global-warming/ 

3 Forest Research, 2020 https://www.forestresearch.gov.uk/tools-and-resources/statistics/statistics-by-

topic/woodland-statistics/ 
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More than carbon: the other benefits provided by trees and woodlands 

As well as taking carbon dioxide out of the air, trees provide a number of other environmental and social 

benefits4. Forests provide vital habitats for many species and can increase biodiversity in urban areas. 

Access to trees and green spaces has a positive impact on our own physical and mental well-being. 

Spending time in green spaces has been shown to have positive impacts on blood pressure and stress 

levels5,6. In towns and cities, trees can play a role in reducing our exposure to poor air quality by collecting 

gases and particles on their leaves and bark7, and by slowing the rate that rainwater reaches our rivers 

upland tree planting and woodland regeneration can potentially help to reduce flood risk8.  

 

 

Figure 1: The local authorities that make up the White Rose Forest 

 

4 University of Leeds & United Bank of Carbon, 2015, ‘A Brief Guide to the Benefits of Green Spaces’:  

https://leaf.leeds.ac.uk/green-space/ 

5 Ward-Thompson et al., 2012, https://www.sciencedirect.com/science/article/pii/S0169204611003665     

6 Hartig et al., 2003, https://www.sciencedirect.com/science/article/pii/S0272494402001093  

7 Hewitt et al., 2020, https://link.springer.com/article/10.1007/s13280-019-01164-3  

8 Nisbet et al., 2011, https://www.forestresearch.gov.uk/research/woodland-for-water-woodland-measures-for-

meeting-water-framework-directive-objectives/  
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The White Rose Forest 

The White Rose Forest (WRF) joint venture is a Community Forest Partnership spanning thirteen local 

authorities in Yorkshire.  The WRF currently includes the local authorities of Bradford, Calderdale, Craven, 

Hambleton, Harrogate, Kirklees, Leeds, Richmondshire, Ryedale, Scarborough, Selby, Wakefield and York 

(Figure 1). 

  

Table 1: Local authorities included in the White Rose Forest, their annual carbon dioxide emissions for 2018, area 

occupied by each local authority and area of tree cover in 2018 calculated from Bluesky National Tree MapTM 

dataset21. 

Local Authority 

Carbon 

dioxide (CO2) 

emissions9 in 

2018 (ktCO2) 

Percentage of 

UK CO2 

emissions in 

2018 (%) 

Total area 

(hectares) 

Tree 

canopy 

cover in 

2018 

(hectares) 

Tree 

canopy 

cover in 

2018 (%) 

Bradford 2,036 0.6 36,521 4,631 12.7 

Calderdale 1,039 0.3 36,274 4,322 11.9 

Craven 349 0.1 117,487 6,306 5.4 

Hambleton 790 0.2 130,673 13,009 10.0 

Harrogate 1,081 0.3 130,474 13,751 10.5 

Kirklees 1,910 0.6 40,725 6,179 15.2 

Leeds 3,905 1.1 54,990 9,437 17.2 

Richmondshire 409 0.1 131,420 7,501 5.7 

Ryedale 440 0.1 150,132 23,191 15.4 

Scarborough 512 0.1 82,356 11,073 13.4 

Selby 930 0.3 60,021 5,968 9.9 

Wakefield 2,073 0.6 33,750 4,762 14.1 

York 821 0.2 27,109 2,916 10.8 
            

Total WRF 
10,963 3.2 202,260 29,331 14.5 

(West Yorks) 

Total WRF 
5,332 1.5 829,662 83,716 10.1 

(York & North Yorks) 

Total WRF 16,295 4.7 1,031,925 113,047 11.0 

 

9 UK Local Authority Carbon Dioxide Emissions, Department for Business, Energy and Industrial Strategy: 

https://www.gov.uk/government/statistics/uk-local-authority-and-regional-carbon-dioxide-emissions-national-

statistics-2005-to-2018 
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The West Yorkshire Combined Authority (WYCA), Leeds City Region Enterprise Partnership and the York 

and North Yorkshire Local Enterprise Partnership are working towards reaching net-zero during the 

2030s. Emissions reduction pathways work commissioned for West Yorkshire10 indicates that the region 

could reduce emissions by 73 – 82% between 2021 and 2038. Similarly, emissions reduction pathways 

work commissioned for York and North Yorkshire11 indicates that the region could reduce emissions by 

68 – 86% between 2021 and 2038. In each case these reductions are primarily achieved by directly 

tackling the sources of emissions, however under all scenarios the remaining emissions will need to be 

tackled by more ambitious measures such as tree planting, and new innovative technologies. The focus 

of this report is on CO2 for several reasons: this represents the main greenhouse gas emitted in the 

region, emissions at local authority level are reported for CO2 only (Table 1), and it is the main target for 

emissions reduction. However, it should be noted that as CO2 emissions reduce, methane (CH4) 

emissions from the agricultural sector will make up an increasingly large proportion of residual 

greenhouse gas emissions, particularly in the more rural local authorities of North Yorkshire and this will 

need to be considered (see Technical Appendix A). 

We evaluate the contribution of woodland creation in the context of this level of ambition across the 

entire WRF region. Beyond 2038, we assume that emissions further decline to 11 - 21% of current levels 

in 2050. This estimate is derived from the range across five scenarios used in the Sixth Annual Carbon 

Budget of the UK Climate Change Committee12. This represents a likely range of scenarios for residual 

emissions in 2050, and the afforestation envisaged across the WRF contributes to the net-zero target 

for the region for 2050 by sequestering a part of these remaining emissions. 
 

What this report provides 

This study provides a first estimate of the ability of woodland creation across the White Rose Forest 

region to contribute to meeting net-zero targets being set by individual local authorities, city regions 

and national government. In this work we do not identify specific sites as suitable or unsuitable for tree 

planting but using regionally appropriate scientific data we assess the potential for tree planting within 

each local authority to sequester and accumulate carbon.  

In addition to new woodland creation, we explore the role of trees outside woodlands in contributing to 

carbon sequestration and storage. We combine an assessment of existing trees across the White Rose 

Forest region, with information from ground-based field assessments, to provide a first estimate of 

carbon being stored and sequestered annually in each local authority by trees outside woodlands. 

 

10 Tackling the Climate Emergency: Emissions Reduction Pathway Report, 2020, West Yorkshire Combined 

Authority: https://www.westyorks-ca.gov.uk/media/4268/emission-reduction-pathways-report.pdf  

11 North and West Yorkshire Emissions Reduction Pathways, 2021, York and North Yorkshire LEP: 

https://www.ynylep.com/Portals/0/adam/Stories/dZPBWh5Fz0mcAqqNaH1neA/Body/Y&NY%20carbon%20abate

ment%20pathways%20report%20-%20Element%20Energy.pdf 

12 Sixth Annual Carbon Budget, Climate Change Committee: https://www.theccc.org.uk/publication/sixth-carbon-

budget/ 
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Woodland Creation 

The Climate Change Committee suggest that new woodland creation in the range of 30,000 – 50,000 

hectares per year will be required to help the UK reach net-zero greenhouse gas emissions. UK 

government has committed to reaching 30,000 hectares of new woodland creation per year by 2025, 

with around one third of this area expected to be delivered in England. In this Chapter we explore the 

extent to which the local authorities in the White Rose Forest (WRF) region can expect to sequester 

carbon dioxide through increased woodland creation in their area and therefore contribute to local 

and national net-zero targets.  

 

Overview of our Method 

A number of representative woodland types were used to obtain indicative carbon sequestration rates 

for new woodland planting across the WRF area. This process was carried out in the stages summarised 

below (full details of our method are given in Technical Appendix A): 

1. Estimation of regionally and climatically appropriate forest growth rates for a range of different 

tree species. Growth rates were obtained using Forest Research’s Ecological Site Classification 

(ESC) tool13,14 which is designed to aid in the selection of ecologically suited species for sites15. 

2. Definition of four woodland mixtures to represent a range of species composition and 

management levels (Table 2). Some species of the same genus were combined and some species 

were eliminated from our mixtures if known pests, pathogens or other environmental factors 

were likely to inhibit their establishment (Table 1 of Technical Appendix A).  

3. Calculation of a range of potential growth rates for these woodland types (Figure 2 and Table 5 

of Technical Appendix A) within each local authority and across the WRF region. 

4. Estimation of the rate of carbon accumulation by these woodland types over time using the UK’s 

voluntary standard for carbon dioxide sequestration through woodland creation, the Woodland 

Carbon Code16 (v2.317). As the total potential carbon sequestration is being assessed, rather than 

 

13 Pyatt, G.; Ray, D.; Fletcher, J. 2001 An Ecological Site Classification for Forestry in Great Britain. Bulletin 124. 

Forestry Commission, Edinburgh. 

14 Forest Research Ecological Site Classification: http://www.forestdss.org.uk/geoforestdss/esc4.jsp 

15https://www.forestresearch.gov.uk/tools-and-resources/ecological-site-classification-decision-support-system-

esc-dss/ 

16 Woodland Carbon Code: https://www.woodlandcarboncode.org.uk  

17 Woodland Carbon Code Calculator v2.3, 2020, available here:  

https://www.woodlandcarboncode.org.uk/images/Spreadsheets/WCC_CarbonCalculationSpreadsheet_Version2.3

_12May2020.xlsx  
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the carbon eligible for Woodland Carbon Units, the 20% shared scheme buffer applied by the 

Woodland Carbon Code calculator has been included in the total figure. Please see Technical 

Appendix A for further details on this calculation and the assumptions made.  

5. Application of existing spatial datasets, including the Forestry Commission’s low-risk areas for 

woodland creation18, and the Woodlands for Water19 assessment made by Forest Research and 

the Environment Agency, to quantify the potential for carbon accumulation across the WRF 

region.   

 

Table 2: Representative woodland types; within a mixture, each species occupies 10% of the area with the remaining 

10% representing open ground, paths, roads, lakes and infrastructure.  

Woodland type Species composition Management 

A 
Mixed native 

broadleaves 

Alder (combined), Aspen, Birch 

(combined), Black poplar, Hornbeam, Oak 

(combined), Small-leaved lime, Sycamore, 

Wild cherry 

Initial site preparation carried out, 

planted at 1.5 m spacing (4,444 stems per 

ha) with tree-shelters. No thinning. 

B 
Productive native 

broadleaves 
As above As above, but woodland is thinned. 

C 
Productive 

conifers 

Coast redwood, Grand fir, Japanese red 

cedar, Lawson’s cypress, Norway spruce, 

Pacific fir, Serbian spruce, Sitka spruce, 

Western red cedar 

Initial site preparation carried out, 

planted at 1.5 m spacing (4,444 stems per 

ha) with tree-shelters. Woodland is 

thinned. 

D 
Productive mixed 

woodland 

Alder (combined), Aspen, Black poplar, 

Coast redwood, Hornbeam, Lawson’s 

cypress, Sitka spruce, Western red cedar, 

Wild cherry 

Initial site preparation carried out, 

planted at 1.5 m spacing (4,444 stems per 

ha) with tree-shelters. Woodland is 

thinned. 

 

Figure 2 demonstrates the range of yield classes suggested by the ESC tool for our woodland mixtures, 

within each local authority and across the entire WRF region. The variations in yield class reflect 

differences in climatic conditions, soil moisture and the availability of soil nutrients. Whilst there is 

 

18 Low-risk areas for woodland creation, accessible via the Forestry Commission Map Browser: 

https://www.forestergis.com/Apps/MapBrowser/  

19 Woodlands for Water: https://www.forestresearch.gov.uk/research/opportunity-mapping-woodland-for-water/ 
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variation between the minimum and maximum yield classes suggested across the different local 

authorities, the mean yield class suggested for each woodland mixture is similar across the WRF region.   

 

Figure 2: Estimated yield class ranges for broadleaved (woodland types A and B), coniferous (type C) and mixed 

(type D) woodlands within each local authority in 2050; the range between maximum and minimum yield class is 

indicated by the bar whilst points represent the mean value across each local authority. 

 

To explore the potential for carbon accumulation across the WRF region we must apply our carbon 

accumulation rates, for each woodland type, to an area of land. The Forestry Commission have assessed 

the “low-risk areas for potential woodland creation” across England, including our study area (shown in 

Figure 5 of Technical Appendix A). These sites are defined as areas where the potential constraints on 

woodland creation are low – excluding areas where regulatory constraints would present additional 

potential barriers to woodland creation. This process means that priority habitats and peaty soils are 

excluded from the land considered to be appropriate for woodland creation. Approximately 235,500 

hectares of land are thought to be at low risk for woodland creation within the White Rose Forest region 

(Table 3); this does not mean that the excluded areas are entirely inappropriate for woodland creation, 

but that they would have more stringent requirements for Environmental Impact Assessment and could 

ultimately be acceptable for UK Forestry Standard20 compliant woodland creation. We have used this 

dataset to evaluate the impact of plausible overall levels of planting for local authorities within the study 

area but there are some critical limitations to keep in mind when interpreting this dataset:  

 

20 UK Forestry Standard: https://www.gov.uk/government/publications/the-uk-forestry-standard 
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A) The land covered by this dataset represents regions with the lowest statutory barriers to planting, but 

no attempt has been made to identify owners, or to assess the feasibility of planting; therefore this 

dataset allows us to identify a plausible level of planting per region (but not a series of target sites). 

B) The lowest regulatory bar threshold effectively removes some areas where tree planting is very likely 

to be encouraged, in particular: national parks (Yorkshire Dales, and Peak District) and Areas of 

Outstanding Natural Beauty (AONBs such as Nidderdale, and the Forest of Bowland).  

Alongside the low-risk areas for woodland creation, we also consider the Woodlands for Water (shown 

in Figure 6 of Technical Appendix A) assessment by Forest Research and the Environment Agency that 

identifies priority regions for woodland creation to reduce flood risk or diffuse pollution. Approximately 

225,500 hectares of land are identified as being priority areas for woodland creation for flood risk 

reduction or pollution diffusion within the White Rose Forest region. 

When the two datasets are combined, approximately 52,000 hectares are identified as being both at low 

risk for woodland creation and priority areas for woodland creation to reduce diffuse pollution or flood 

risk across the WRF region. 

Table 3: Low risk area for woodland creation within each local authority; all values are given to nearest hectare. 

Local Authority 

Total low-risk area for 

woodland creation (ha) 

Total Woodland for 

Water area (ha) 

hectares 
% of total 

area 
hectares 

% of total 

area 

Bradford 13,532 37 5,564 15 

Calderdale 10,963 30 8,443 23 

Craven 19,238 16 49,898 42 

Hambleton 50,460 38 22,897 17 

Harrogate 25,728 20 25,383 19 

Kirklees 15,418 38 4,161 10 

Leeds 13,106 24 2,246 4 

Richmondshire 28,909 22 50,260 38 

Ryedale 25,114 17 27,619 17 

Scarborough 3,924 5 28,109 34 

Selby 8,748 15 117 0.2 

Wakefield 12,062 36 507 2 

York 8,245 30 268 1 
     

Total WRF (West Yorks) 65,082 32 20,921 10 

Total WRF (York & North Yorks) 170,366 21 204,551 25 

Total WRF 235,544 23 225,472 22 
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Results  

We consider varying levels of ambition in order to evaluate carbon sequestration from woodland 

creation across the WRF region. For each local authority, we evaluate the carbon accumulated if either 

10%, 25%, 50% or 75% of the low-risk areas for woodland creation or areas identified in the Woodland 

for Water dataset are planted by 2050; we assume that these totals are reached through gradual planting 

from 2021 to 2050, at a constant rate of approximately 3.4% (of the 2050 target total) per year. We also 

evaluate the carbon accumulated if 95% of the land that is identified as being both low risk for woodland 

creation and beneficial for planting from a flood risk and pollution reduction perspective is planted by 

2050. 

 

 

Figure 3: Example carbon acculumation profile when 50% of the ‘low-risk area for woodland creation’ is planted 

across the entire White Rose Forest region by 2050. The darker green shaded area represents the range of values 

obtained when the mean growth rates for our four woodland mixtures (A to D) are considered; the lighter green 

shaded area considers the minimum and maximum growth rates for each woodland mixture. 
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Tables 4, 5, and 10 summarise the annual carbon sequestration rates at 2038 and 2050 when 10, 25, 50 

and 75% of the low-risk area for woodland creation is planted by 2050. For the WRF region as a whole, 

gradually planting 50% of the low-risk area (i.e., approximately 118,000 hectares in total) by 2050 would 

lead to annual carbon sequestration rates of 817 – 1370 ktCO2 per year in 2050, equivalent to 5 – 8% of 

the region’s annual CO2 emissions in 2018, or 24 – 76 % of the projected residual emissions under the 

2050 emission reduction scenario. The same scenario would accumulate a total of 8 – 14 MtCO2 over 

the 2021 – 2050 period. In our scenarios, new planting stops in 2050 but these woodlands continue to 

accumulate carbon, leading to potential carbon accumulation of 44 – 71 MtCO2 by 2100 (Figure 3).  
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Table 4: Summary data for each local authority in West Yorkshire, for the low-risk woodland creation areas. Values 

given for carbon sequestration represent the range obtained using mean growth rates for the four woodland 

mixtures A to D.  

Percentage 

of low-risk 

woodland 

area in local 

authority 

planted by 

2050 (%) 

Implied 

annual 

planting 

rate* 

Resulting 

tree 

canopy 

cover in 

2050¥ (%) 

Annual 

carbon 

sequestration 

rate at 2038 

Percentage 

of residual 

CO2 

emissions 

sequestered 

annually$ 

Annual 

carbon 

sequestration 

rate at 2050 

Percentage 

of residual 

CO2 

emissions 

sequestered 

annually$ 

(ha) 
(ktCO2 per 

year) 
(%) 

(ktCO2 per 

year) 
(%) 

Bradford 

10 47 16 3 - 6 0 - 2 9 - 16 2 - 7 

25 117 22 6 - 16 1 - 4 23 - 41 5 - 18 

50 233 31 13 - 32 2 - 9 47 - 82 11 - 37 

75 350 40 19 - 48 4 - 13 70 - 123 16 - 55 

Calderdale 

10 38 15 2 - 5 1 - 3 7 - 13 3 - 11 

25 95 19 5 - 12 2 - 6 19 - 32 9 - 28 

50 189 27 10 - 24 3 - 13 37 - 64 17 - 56 

75 284 35 15 - 36 5 - 19 56 - 96 26 - 84 

Kirklees 

10 53 19 3 - 6 1 - 2 11 - 18 3 - 8 

25 133 25 7 - 16 1 - 5 27 - 44 7 - 21 

50 266 34 15 - 32 3 - 9 53 - 88 13 - 42 

75 399 43 22 - 48 4 - 14 80 - 132 20 - 63 

Leeds 

10 45 20 3 - 6 0 - 1 9 - 15 1 - 4 

25 113 23 7 - 15 1 - 2 23 - 38 3 - 9 

50 226 29 13 - 29 1 - 4 45 - 77 6 - 18 

75 339 35 20 - 44 2 - 6 68 - 115 8 - 27 

Wakefield 

10 42 18 2 - 5 0 - 1 8 - 13 2 - 6 

25 104 23 6 - 12 1 - 3 21 - 34 5 - 15 

50 208 32 12 - 25 2 - 7 42 - 67 10 - 30 

75 312 41 18 - 37 3 - 10 62 - 101 14 - 44 
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Total West Yorkshire 

10 224 18 12 - 28 0 - 1 45 - 76 2 - 6 

25 561 23 31 - 71 1 - 4 112 - 189 5 - 16 

50 1,122 31 62 - 142 2 - 7 224 - 378 10 - 31 

75 1,683 39 93 - 213 3 - 11 336 - 567 15 - 47 

* assuming a constant annual planting rate, in terms of area, from 2021 – 2050 

¥ assuming existing canopy cover remains and that new woodland creation occurs within the same local authority 
$assuming that emissions reduce to 18 - 27% of present levels by 2038, and to 11 - 21% of present levels by 

2050   
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Table 5: Summary data for each local authority in York and North Yorkshire and the total for the whole White 

Rose Forest region for the low-risk woodland creation areas. Values given for carbon sequestration represent the 

range obtained using mean growth rates for the four woodland mixtures A to D.  

Percentage 

of low-risk 

woodland 

area in local 

authority 

planted by 

2050 (%) 

Implied 

annual 

planting 

rate* 

Resulting 

tree 

canopy 

cover in 

2050¥ (%) 

Annual 

carbon 

sequestration 

rate at 2038 

Percentage 

of residual 

CO2 

emissions 

sequestered 

annually$ 

Annual 

carbon 

sequestration 

rate at 2050 

Percentage 

of residual 

CO2 

emissions 

sequestered 

annually$ 

(ha) 
(ktCO2 per 

year) 
(%) 

(ktCO2 per 

year) 
(%) 

Craven 

10 66 7 3 - 7 3 - 14 13 - 20 18 - 52 

25 166 9 9 - 17 8 - 35 32 - 50 44 - 131 

50 332 14 17 - 34 15 - 71 65 - 100 88 - 261 

75 498 18 26 - 52 23 - 106 97 - 150 132 - 392 

Hambleton (led by NYCC) 

10 174 14 11 - 25 4 - 22 36 - 62 22 - 71 

25 435 20 27 - 62 11 - 56 91 - 155 55 - 178 

50 870 29 54 - 123 21 - 111 181 - 309 109 - 356 

75 1,305 40 80 - 185 32 - 167 272 - 464 164 - 534 

Harrogate 

10 89 13 5 - 12 2 - 8 18 - 31 8 - 26 

25 222 15 13 - 30 4 - 20 45 - 77 20 - 65 

50 444 20 26 - 60 8 - 39 91 - 154 40 - 130 

75 665 25 39 - 90 11 - 59 136 - 232 60 - 195 

Richmondshire (led by NYCC) 

10 100 8 6 - 13 4 - 22 20 - 34 24 - 75 

25 249 11 14 - 32 11 - 55 51 - 84 59 - 188 

50 498 17 28 - 64 21 - 111 102 - 169 118 - 375 

75 748 22 42 - 95 32 - 166 152 - 253 177 - 562 

Ryedale (led by NYCC) 

10 87 17 4 - 9 3 - 15 17 - 27 18 - 57 

25 217 20 11 - 23 8 - 38 42 - 69 45 - 142 

50 433 24 22 - 47 16 - 76 84 - 137 90 - 284 

75 650 28 33 - 70 23 - 114 125 - 206 136 - 426 
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Scarborough (led by NYCC) 

10 14 14 1 - 2 0 - 2 3 - 5 3 - 8 

25 34 15 2 - 4 1 - 6 7 - 12 6 - 20 

50 68 16 4 - 9 2 - 12 14 - 23 13 - 41 

75 101 17 6 - 13 4 - 18 21 - 35 19 - 61 

Selby 

10 30 11 2 - 4 1 - 3 6 - 10 3 - 10 

25 75 14 4 - 9 1 - 7 15 - 25 8 - 24 

50 151 17 8 - 18 3 - 14 29 - 49 15 - 48 

75 226 21 11 - 27 4 - 21 44 - 74 23 - 72 

York 

10 28 14 2 - 4 1 - 3 6 - 10 3 - 11 

25 71 18 4 - 10 2 - 9 14 - 25 8 - 27 

50 142 26 8 - 20 3 - 17 28 - 50 16 - 55 

75 213 34 13 - 29 5 - 26 43 - 74 25 - 82 

Total York and North Yorkshire 

10 587 12 33 - 75 2 - 10 119 - 198 11 - 34 

25 1,469 15 84 - 187 5 - 25 297 - 496 26 - 85 

50 2,937 20 167 - 374 10 - 50 593 - 992 53 - 169 

75 4,406 25 251 - 562 15 - 75 890 - 1488 79 - 254 

* assuming a constant annual planting rate, in terms of area, from 2021 – 2050 

¥ assuming existing canopy cover remains and that new woodland creation occurs within the same local authority 

$assuming that emissions reduce to 14 - 32% of present levels by 2038, and to 11 - 21% of present levels by 

2050   
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Table 6: Summary data for each local authority in West Yorkshire for the Woodland for Water dataset. Values 

given for carbon sequestration represent the range obtained using mean growth rates for the four woodland 

mixtures A to D.    

Percentage 

of 

woodland 

for water 

area in local 

authority 

planted by 

2050 (%) 

Implied 

annual 

planting 

rate* 

Resulting 

tree 

canopy 

cover in 

2050¥ (%) 

Annual 

carbon 

sequestration 

rate at 2038 

Percentage 

of residual 

CO2  

emissions 

sequestered 

annually$ 

Annual 

carbon 

sequestration 

rate at 2050 

Percentage 

of residual 

CO2  

emissions 

sequestered 

annually$ 

(ha) 
(ktCO2 per 

year) 
(%) 

(ktCO2 per 

year) 
(%) 

Bradford 

10 19 14 1 - 3 0 - 1 4 - 7 1 - 3 

25 48 16 3 - 7 0 - 2 10 - 17 2 - 8 

50 96 20 5 - 13 1 - 4 19 - 34 4 - 15 

75 144 24 8 - 20 1 - 5 29 - 51 7 - 23 

Calderdale 

10 29 14 2 - 4 1 - 2 6 - 10 3 - 9 

25 73 18 4 - 9 1 - 5 14 - 25 7 - 22 

50 146 24 8 - 19 3 - 10 29 - 49 13 - 43 

75 218 29 11 - 28 4 - 15 43 - 74 20 - 65 

Kirklees 

10 14 16 1 - 2 0 - 0 3 - 5 1 - 2 

25 36 18 2 - 4 0 - 1 7 - 12 2 - 6 

50 72 20 4 - 9 1 - 2 14 - 24 4 - 11 

75 108 23 6 - 13 1 - 4 22 - 36 5 - 17 

Leeds 

10 8 18 0 - 1 0 - 0 2 - 3 0 - 1 

25 19 18 1 - 3 0 - 0 4 - 7 0 - 2 

50 39 19 2 - 5 0 - 1 8 - 13 1 - 3 

75 58 20 3 - 8 0 - 1 12 - 20 1 - 5 

Wakefield 

10 2 14 0 - 0 0 - 0 0 - 1 0 - 0 

25 4 14 0 - 1 0 - 0 1 - 1 0 - 1 

50 9 15 0 - 1 0 - 0 2 - 3 0 - 1 

75 13 15 1 - 2 0 - 0 3 - 4 1 - 2 
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Total West Yorkshire 

10 72 16 4 - 9 0 - 0 14 - 25 1 - 2 

25 180 17 10 - 23 0 - 1 36 - 61 2 - 5 

50 361 20 20 - 46 1 - 2 72 - 123 3 - 10 

75 541 22 29 - 70 1 - 4 108 - 184 5 - 15 

* assuming a constant annual planting rate, in terms of area, from 2021 – 2050 

¥ assuming existing canopy cover remains and that new woodland creation occurs within the same local authority 
$assuming that emissions reduce to 18 - 27% of present levels by 2038, and to 11 - 21% of present levels by 

2050   
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Table 7: Summary data for each local authority in York and North Yorkshire and the total for the whole White 

Rose Forest region for the Woodland for Water dataset. Values given for carbon sequestration represent the 

range obtained using mean growth rates for the four woodland mixtures A to D.    

Percentage 

of 

woodland 

for water 

area in local 

authority 

planted by 

2050 (%) 

Implied 

annual 

planting 

rate* 

Resulting 

tree 

canopy 

cover in 

2050¥ (%) 

Annual 

carbon 

sequestration 

rate at 2038 

Percentage 

of residual 

CO2  

emissions 

sequestered 

annually$ 

Annual 

carbon 

sequestration 

rate at 2050 

Percentage 

of residual 

CO2 

emissions 

sequestered 

annually$ 

(ha) 
(ktCO2 per 

year) 
(%) 

(ktCO2 per 

year) 
(%) 

Craven 

10 172 10 9 - 18 8 - 37 34 - 52 46 - 135 

25 430 16 22 - 45 20 - 91 84 - 130 114 - 339 

50 860 27 44 - 89 40 - 183 168 - 260 229 - 678 

75 1,290 37 66 - 134 59 - 274 251 - 390 343 - 1016 

Hambleton (led by NYCC) 

10 79 12 5 - 11 2 - 10 16 - 28 10 - 32 

25 197 14 12 - 28 5 - 25 41 - 70 25 - 81 

50 395 19 24 - 56 10 - 51 82 - 140 50 - 162 

75 592 23 37 - 84 14 - 76 124 - 211 74 - 242 

Harrogate 

10 88 13 5 - 12 1 - 8 18 - 30 8 - 26 

25 219 15 13 - 29 4 - 19 45 - 76 20 - 64 

50 438 20 26 - 59 7 - 39 89 - 152 39 - 128 

75 656 25 39 - 88 11 - 58 134 - 228 59 - 192 

Richmondshire (led by NYCC) 

10 173 10 10 - 22 7 - 39 35 - 59 41 - 130 

25 433 15 24 - 55 19 - 96 88 - 147 103 - 326 

50 867 25 49 - 110 37 - 193 177 - 293 206 - 652 

75 1300 29 73 - 166 56 - 289 265 - 440 308 - 978 

Ryedale (led by NYCC) 

10 95 17 5 - 10 3 - 17 18 - 30 20 - 62 

25 238 20 12 - 26 9 - 42 46 - 76 50 - 156 

50 476 25 24 - 52 17 - 84 92 - 151 99 - 312 

75 714 29 36 - 77 26 - 126 138 - 227 149 - 468 
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Scarborough (led by NYCC) 

10 97 17 6 - 13 3 - 18 20 - 33 18 - 59 

25 242 22 14 - 31 9 - 44 49 - 83 46 - 147 

50 485 31 29 - 63 17 - 88 98 - 165 91 - 294 

75 727 39 43 - 94 26 - 132 148 - 248 137 - 440 

Selby 

10 0.4 10 0 - 0 0 - 0 0 - 0 0 - 0 

25 1 10 0 - 0 0 - 0 0 - 0 0 - 0 

50 2 10 0 - 0 0 - 0 0 - 1 0 - 1 

75 3 10 0 - 0 0 - 0 1 - 1 0 - 1 

York 

10 1 11 0 - 0 0 - 0 0 - 0 0 - 0 

25 2 11 0 - 0 0 - 0 0 - 1 0 - 1 

50 5 11 0 - 1 0 - 1 1 - 2 1 - 2 

75 7 12 0 - 1 0 - 1 1 - 2 1 - 3 

Total York and North Yorkshire 

10 705 13 39 - 86 2 - 12 141 - 233 13 - 40 

25 1,763 16 98 - 215 6 - 29 354 - 582 32 - 99 

50 3,527 22 196 - 430 11 - 58 707 - 1165 63 - 199 

75 5,290 29 294 - 645 17 - 86 1061 - 1747 95 - 298 

* assuming a constant annual planting rate, in terms of area, from 2021 – 2050 

¥ assuming existing canopy cover remains and that new woodland creation occurs within the same local authority 
$assuming that emissions reduce to 14 - 32% of present levels by 2038, and to 11 - 21% of present levels by 

2050   
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Table 8: Summary data for each local authority in West Yorkshire for the overlapping areas of Woodland for 

Water dataset and low-risk woodland creation areas. Values given for carbon sequestration represent the range 

obtained using mean growth rates for the four woodland mixtures A to D.    

Percentage 

of low-risk 

woodland 

overlapping 

with 

woodland 

for water 

area in local 

authority 

planted by 

2050 (%) 

Implied 

annual 

planting 

rate* 

Resulting 

tree 

canopy 

cover in 

2050¥ (%) 

Annual 

carbon 

sequestration 

rate at 2038 

Percentage 

of residual 

CO2 

emissions 

sequestered 

annually$ 

Annual 

carbon 

sequestration 

rate at 2050 

Percentage 

of residual 

CO2 

emissions 

sequestered 

annually$ 

(ha) 
(ktCO2 per 

year) 
(%) 

(ktCO2 per 

year) 
(%) 

Bradford 

95 84 19 5 - 11 1 - 3 17 - 29 4 - 13 

Calderdale 

95 117 21 6 - 15 2 - 8 23 - 39 11 - 35 

Kirklees 

95 34 18 2 - 4 0 - 1 7 - 11 2 - 5 

Leeds 

95 12 18 1 - 2 0 - 0 2 - 4 0 - 1 

Wakefield 

95 3 14 0 - 0 0 - 0 1 - 1 0 - 0 

Total West Yorkshire 

95 248 18 13 - 32 0 - 2 49 - 85 2 - 7 

* assuming a constant annual planting rate, in terms of area, from 2021 – 2050 

¥ assuming existing canopy cover remains and that new woodland creation occurs within the same local authority 

$assuming that emissions reduce to 18 - 27% of present levels by 2038, and to 11 - 21% of present levels by 

2050   
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Table 9: Summary data for each local authority in York and North Yorkshire and the total for the whole White 

Rose Forest region for the overlapping areas of Woodland for Water dataset and low-risk woodland creation 

areas. Values given for carbon sequestration represent the range obtained using mean growth rates for the four 

woodland mixtures A to D.   

Percentage 

of low-risk 

woodland 

overlapping 

with 

woodland 

for water 

area in local 

authority 

planted by 

2050 (%) 

Implied 

annual 

planting 

rate* 

Resulting 

tree 

canopy 

cover in 

2050¥ (%) 

Annual 

carbon 

sequestration 

rate at 2038 

Percentage 

of residual 

CO2 

emissions 

sequestered 

annually$ 

Annual 

carbon 

sequestration 

rate at 2050 

Percentage 

of residual 

CO2 

emissions 

sequestered 

annually$ 

(ha) 
(ktCO2 per 

year) 
(%) 

(ktCO2 per 

year) 
(%) 

Craven 

95 380 15 19 - 39 17 - 81 74 - 115 101 - 299 

Hambleton (led by NYCC) 

95 301 17 19 - 43 7 - 39 63 - 107 38 - 123 

Harrogate 

95 129 13 8 - 17 2 - 11 26 - 45 12 - 38 

Richmondshire (led by NYCC) 

95 469 16 26 - 60 20 - 104 96 - 159 111 - 353 

Ryedale (led by NYCC) 

95 129 18 7 - 14 5 - 23 25 - 41 27 - 85 

Scarborough (led by NYCC) 

95 36 15 2 - 5 1 - 6 7 - 12 7 - 22 

Selby 

95 0.3 10 0 - 0 0 - 0 0 - 0 0 - 0 

York 

95 2 11 0 - 0 0 - 0 0 - 1 0 - 1 

Total York and North Yorkshire 

95 1,446 15 81 - 178 5 - 24 291 - 479 26 - 82 

* assuming a constant annual planting rate, in terms of area, from 2021 – 2050 

¥ assuming existing canopy cover remains and that new woodland creation occurs within the same local authority 

$assuming that emissions reduce to 14 - 32% of present levels by 2038, and to 11 - 21% of present levels by 

2050   
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Table 10: Summary data for the whole White Rose Forest region for the planting scenarios presented in Tables 

4 – 9. Values given for carbon sequestration represent the range obtained using mean growth rates for the four 

woodland mixtures A to D.   

 

Percentage 

of scenario 

area 

planted 

(%) 

Implied 

annual 

planting 

rate* 

Resulting 

tree 

canopy 

cover in 

2050¥ (%) 

Annual 

carbon 

sequestration 

rate at 2038 

Percentage 

of residual 

CO2 

emissions 

sequestered 

annually$ 

Annual 

carbon 

sequestration 

rate at 2050 

Percentage 

of residual 

CO2 

emissions 

sequestered 

annually$ 

(ha) 
(ktCO2 per 

year) 
(%) 

(ktCO2 per 

year) 
(%) 

Low-risk woodland area across total WRF region 

10 812 13 46 - 103 1 - 4 163 - 274 5 - 15 

25 2,031 17 115 - 258 3 - 9 409 - 685 12 - 38 

50 4,061 22 229 - 516 5 - 18 817 - 1370 24 - 76 

75 6,092 28 344 - 775 8 - 26 1226 - 2055 36 - 115 

Woodland for water area across total WRF region 

10 777 13 43 - 95 1 - 3 156 - 257 5 - 14 

25 1,944 16 108 - 238 2 - 8 390 - 644 11 - 36 

50 3,887 22 216 - 476 5 - 16 779 - 1287 23 - 72 

75 5,831 27 324 - 714 7 - 24 1169 - 1931 34 - 108 

Low-risk woodland overlapping with woodland for water area across total WRF region 

95 1,694 16 94 - 210 2 - 7 341 - 564 10 - 31 

* assuming a constant annual planting rate, in terms of area, from 2021 – 2050 
¥ assuming existing canopy cover remains and that new woodland creation occurs within the same local 

authority 
$assuming that emissions reduce to 18 - 27% of present levels by 2038, and to 11 - 21% of present levels by 

2050   
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Tables 6, 7 and 10 summarise the carbon sequestration rates at 2038 and 2050 if 10, 25, 50 and 75% of 

the area identified in the Woodland for Water dataset is planted by 2050. For the WRF region as a whole, 

gradually planting 50% of the Woodland for Water area (i.e., approximately 113,000 hectares in total) by 

2050 would lead to annual carbon sequestration rates of 779 – 1287 ktCO2 per year in 2050, equivalent 

to 5 – 8% of the region’s annual CO2 emissions 2018, or 23 - 72% of the projected residual emissions 

under the 2050 emission reduction scenarios. The same scenario would accumulate a total of 7 – 13 

MtCO2 over the 2021 – 2050 period. In our scenarios, new planting stops in 2050 but these woodlands 

continue to accumulate carbon, leading to potential carbon accumulation of 41 – 67 MtCO2 by 2100. 

 

Figure 4: Percentage equivalence of the annual carbon sequestration rate reached in 2050, to the potential 

residual level of CO2 emissions in 2050, for a range of annual planting rates between 2021 and 2050 across the 

whole WRF region. The dark green shaded area represents the range of values obtained when the mean growth 

rates for our four woodland mixtures (A to D) are considered; the light green shaded area considers the 

minimum and maximum growth rates for each woodland mixture. 

 

Figure 4 illustrates the relationship between the annual carbon sequestration rate reached in 2050 

(expressed as a percentage of potential residual CO2 emissions in 2050) and the number of hectares 

planted annually across the White Rose Forest region from 2021 to 2050. Figure 4 tells us, for example, 
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that in order to annually be sequestering an amount by 2050 that is equivalent to 20% of residual 2050 

emissions would require planting of approximately 1,000 – 3,300 hectares per year across the WRF 

region. A minimum of 2,800 hectares per year across the WRF region is likely to be required to 

sequester up to 50% of residual carbon dioxide emissions by to 2050 (assuming emissions reduction 

pathways are followed). 

Table 11: Annual carbon sequestration rate reached, and total carbon accumulation, obtained from the Woodland 

Carbon Code calculator for new woodlands across the White Rose Forest region assuming mean growth rates, for 

each woodland mixture, across all local authorities (values for min and max growth rates are given in brackets) and 

that 50% of the “low-risk for woodland creation” land in each local authority is planted by 2050. 

Woodland type 

Annual carbon sequestration rate (ktCO2) and percentage equivalence to 2018 CO2 

emissions (%) in year 

2038 2050 2100 

ktCO2 % ktCO2 % ktCO2 % 

A. Unmanaged  

broadleaves 

516 3.2 1370 8.4 470 2.9 

(153 - 786) (0.9 - 4.8) (772 - 1755) (4.7 - 10.8) (308 - 587) (1.9 - 3.6) 

B. Managed 

broadleaves 

426 2.6 929 5.7 179 1.1 

(139 - 565) (0.9 - 3.5) (541 - 1160) (3.3 - 7.1) (153 - 217) (0.9 - 1.3) 

C. Managed conifers 
229 1.4 817 5 511 3.1 

(24 - 373) (0.1 - 2.3) (499 - 996) (3.1 - 6.1) (371 - 643) (2.3 - 3.9) 

D. Managed mixed 

woodland 

415 2.5 968 5.9 357 2.2 

(115 - 510) (0.7 - 3.1) (580 - 1161) (3.6 - 7.1) (265 - 413) (1.6 - 2.5) 

Woodland type 
Cumulative carbon sequestered since 2021 (MtCO2) 

2038 2050 2100 

A. Unmanaged  

broadleaves 

2.3 14.4 71.2 

(0.5 - 4) (6.4 - 20.2) (45.8 - 88) 

B. Managed 

broadleaves 

2.6 11.1 43.8 

(0.6 - 3.6) (4.8 - 14.4) (30.5 - 53.7) 

C. Managed conifers 
0.9 7.5 51.8 

(0 - 2.1) (3.5 - 10.6) (35.2 - 65.1) 

D. Managed mixed 

woodland 

2.4 11.1 52.2 

(0.4 - 3) (4.8 - 13.5) (35 - 61.7) 
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Summary and Discussion  

 

- Scale of woodland creation required: Here we explore scenarios covering a range of ambition 

for the WRF region from 777 hectares (10% of Woodland for Water area) to 6,092 hectares (75% 

of low-risk area) of new woodland creation per year. For context, only 2,330 hectares of new 

woodland was created in all of England during 2019/20203.  

 

- Land suitability: Our analysis is intended to indicate the amount of carbon sequestration 

possible from woodland creation at different scales across the WRF region, not to identify specific 

areas for planting; there may be sites outside of the low-risk areas for woodland creation and 

Woodland for Water datasets that are suitable for planting. 

 

- Contribution to net-zero: Greenhouse gas emissions reduction pathways work commissioned 

for West Yorkshire Combined Authority and the York and North Yorkshire Local Enterprise 

Partnership indicates that emissions could be reduced by between 73 and 82% in West Yorkshire 

and 68 – 86% in York and North Yorkshire in 2038 by directly tackling the sources of emissions 

with the remaining emissions requiring more ambitious measures or innovative technologies. 

Our assessment indicates that the 2038 time horizon is too short for woodland creation to be 

able to generate substantial negative emissions; by 2038 (in a scenario in which 50% of the low-

risk area is to be planted by 2050), the annual sequestration rate is equivalent to approximately 

5 - 18% of the residual emissions (if the emissions reduction pathway as laid out by the West 

Yorkshire Combined Authority is followed). However, we find that the contribution delivered by 

this level of woodland creation could rise to 24 - 76% of emissions remaining in 2050.  (Figure 

4). Each local authority can see the proportion of their potential residual emissions in 2038 and 

2050 that could be sequestered annually through woodland creation in Tables 4 - 9. In summary, 

we find that new woodland creation in excess of 2,800 hectares per year across the White Rose 

Forest is likely to be required to sequester up to 50% of residual carbon dioxide emissions in 

2050 (assuming emissions reduction pathways are followed). 

 

- Limitations of carbon assessments:  

- Ecological Site Classification (ESC): In this work we base our assessments of potential 

woodland growth rates on Forest Research’s ESC approach. The ESC yield assessments 

are based on average soil conditions so any individual woodland creation project in the 

White Rose Forest region would require its own detailed site survey in order to estimate 

the potential for carbon sequestration.  



29 

 

- Woodland Carbon Code (WCC): The WCC approach is designed to provide conservative 

estimates to ensure that at least the amount of certified carbon has been sequestered, 

meaning that the figures generated come with two 20% deductions- a buffer for scientific 

uncertainty and a shared scheme buffer. As this study attempts to quantify the total 

sequestration rather than the amount of Woodland Carbon Units produced, the 20% 

shared scheme buffer has been re-added to the final carbon calculation. There are 

currently a limited number of tree species represented within the WCC and there is a lack 

of scientific data to underpin the carbon sequestration rates projected for unmanaged 

woodlands; consequently, these results are likely to change under revisions to the WCC. 

 

- More than carbon: Here we highlight the potential contribution of woodland creation to net-

zero targets being set at local authority and city region scale. However, the large-scale creation 

of new woodlands will provide much more than just carbon sequestration to our region. In 

addition to being a vital habitat for wildlife, increased access to trees and green spaces will have 

a positive impact on both the physical and mental well-being of the citizens of the White Rose 

Forest region. By slowing the rate that rainwater reaches our rivers upland tree planting and 

woodland regeneration can potentially also help to reduce pollution diffusion and local flood 

risk.      
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Trees outside Woodlands 

In addition to the role of woodland creation, we explore the role of the existing trees outside woodlands 

in storing and sequestering carbon. Despite making up around half of the total tree canopy cover in the 

White Rose Forest region (Figure 5), the difficulty in assessing and accounting for trees outside 

woodlands means that their contribution is often overlooked.  

 

 

 

Figure 5: Percentage of total tree canopy cover comprised of woodlands (in green; defined using the National 

Forest Inventory23) and trees outside woodlands (blue); calculated using the Bluesky National Tree Map21 dataset. 
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Overview of our Method 

To estimate the amount of carbon stored and sequestered by trees outside woodlands across the WRF 

region, we need to link information about the quantity and size of trees present with estimates of the 

potential for carbon storage and sequestration from trees of different sizes. 

In this pilot study, to characterise the trees present across the WRF region we use the Bluesky National 

Tree Map (NTM) dataset21 which provides an estimate of tree height and crown area for every tree 

identified from aerial imagery. To describe the relationship between tree attributes and carbon 

sequestered and stored, we use an i-Tree Eco Complete Inventory assessment of trees on the University 

of Leeds Campus22. During the i-Tree Eco survey, key physical attributes of the trees are assessed 

(including species, diameter at breast height, crown width, tree height), and used to calculate carbon 

sequestration and storage. Using the National Forest Inventory23, we can exclude woodland trees (i.e., 

those in woodland patches > 0.5 hectares in size) from the Bluesky NTM and apply our analysis only to 

trees outside woodlands. Figure 6 summarises our approach and full details of our method are given in 

Technical Appendix B.   

 

Results 

By applying our relationship between tree size and carbon stored and sequestered to the Bluesky NTM 

data across the WRF region, we can calculate the total carbon stored (Figure 7) and sequestered annually 

(Figure 8) by trees outside woodlands. We further break down each local authority according to the 

rural-urban 2011 classification from ONS24. 

 

 

21 Bluesky National Tree Map: https://www.bluesky-world.com/ntm 

22 Gugan et al., 2019, ‘University of Leeds: Enhancing the Benefits of Trees on Campus’, by United Bank of Carbon 

& Leeds Ecosystem, Atmosphere and Forest Centre, University of Leeds: https://leaf.leeds.ac.uk/news/i-tree-leeds-

putting-a-value-on-the-citys-trees/ 

23 National Forest Inventory Woodland England 2018, Forestry Commission: http://data-

forestry.opendata.arcgis.com/datasets/295e0278dc2641e2935c411d28908be9_0  
24 ONS and Defra Rural – urban classification 2011: 

https://www.ons.gov.uk/methodology/geography/geographicalproducts/ruralurbanclassifications/2011ruralurba

nclassification 
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 Figure 6: Schematic of the steps taken to calculate carbon storage and sequestration across the White Rose 

Forest using the Bluesky NTM21, i-Tree Eco assessment for the University of Leeds22 and National Forest 

Inventory23. 



33 

 

 

Figure 7: Total carbon stored by trees outside woodlands in each of the thirteen local authorities in the White 

Rose Forest; totals shown for rural, urban and entire regions of each local authority. 

 

Figure 8: Total carbon sequestered annually by trees outside woodlands in each of the thirteen local authorities 

in the White Rose Forest; shown for rural, urban and entire regions of each local authority.  
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Table 12: Estimated carbon stored and sequestered by trees outside woodlands. 

Local Authority 

Carbon stored by trees 

outside woodlands (ktCO2) 

Carbon sequestered annually by trees outside 

woodlands (ktCO2 per year) 

Total Rural Urban Total Rural Urban 

Percentage 

equivalence of total 

sequestered to 

annual CO2 

emissions in 2018 

(%) 

Bradford 645 188 457 25 7 18 1 

Calderdale 526 268 258 19 10 9 2 

Craven 708 661 47 24 22 2 7 

Hambleton 1,271 1,245 26 40 39 1 5 

Harrogate 1,374 1,203 171 45 39 6 4 

Kirklees 759 265 494 29 10 19 2 

Leeds 1,055 297 758 41 11 30 1 

Richmondshire 730 699 31 24 23 1 6 

Ryedale 1,138 1,101 37 36 35 1 8 

Scarborough 541 460 81 19 16 3 4 

Selby 569 523 46 20 18 2 2 

Wakefield 578 232 346 23 9 14 1 

York 398 232 166 14 8 6 2 
        

Total WRF (West Yorks) 3,563 1,250 2,313 137 47 90 1 

Total WRF (York & North 

Yorks) 
6,729 6,124 605 222 200 22 4 

Total WRF 10,292 7,374 2,918 359 247 112 2 

 

Trees outside woodlands in the WRF region store the equivalent to 10.3 MtCO2 and take up around 360 

ktCO2 annually, equivalent to around 2% of the region’s CO2 emissions in 2018 (Table 12). In absolute 

terms, trees outside woodlands in the Harrogate local authority store and take up the most CO2 annually 

(Figure 8) but trees outside woodlands in the Ryedale local authority take up a greater proportion of the 

annual CO2 emissions from within the Ryedale local authority (i.e., 8%).  

Table 12 highlights the important contribution being made by urban trees24, particularly for the local 

authorities within West Yorkshire where urban trees store and sequester around two thirds of the total 

for trees outside woodlands.   
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Table 13: Comparison of rural (dark green) and urban (pale green) carbon sequestration and storage by trees. 

outside woodlands in the York and North Yorkshire local authorities of the WRF region. 

 

 

 

Local authority 
Rural and Urban 

regions 

Fraction of carbon 

uptake  

Carbon 

storage 

(ktCO2) 

Carbon 

sequestration  

(ktCO2 yr-1) 

Craven 

  

661 

47 

22 

2 

Hambleton 
  1245 

26 

39 

1 

Harrogate 

  

1203 

171 

39 

6 

Richmondshire 
  699 

31 

23 

1 

Ryedale 
  1101 

37 

35 

1 

Scarborough 
  460 

81 

16 

3 

Selby 

  

523 

46 

18 

2 

York 

  

232 

166 

8 

6 
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Table 14: Comparison of rural (dark green) and urban (pale green) carbon sequestration and storage by trees 

outside woodlands in the West Yorkshire local authorities of the WRF region. 

 

 

 

  

Local 

authority 

Rural and Urban 

regions 

Fraction of carbon 

uptake 

Carbon storage 

(ktCO2) 

Carbon 

sequestration 

(ktCO2 yr-1) 

Bradford 

  

188 

457 

7 

18 

Calderdale 

  

268 

258 

10 

9 

Kirklees 

  

265 

494 

10 

19 

Leeds 

  

297 

758 

11 

30 

Wakefield 

  

232 

346 

9 

14 
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Summary and Discussion 

 

- A part of existing canopy cover: Trees outside woodlands make up roughly 40% of the existing 

tree canopy cover across the WRF region with a range from 21% (in Ryedale) to 60% (in York). 

- Important contribution to climate change mitigation: Trees outside woodlands in the WRF 

region store approximately 10 MtCO2 (Table 12) and take up around 360 ktCO2 annually. This 

annual sequestration rate is equivalent to around 2% of the WRF region’s CO2 emissions in 2018, 

but at the level of individual local authorities, trees outside woodlands may be sequestering the 

equivalent of 8% of annual emissions.  

- National context: Whilst the carbon uptake of trees in woodlands or forests is accounted for in 

the national inventory of greenhouse gas emissions, trees outside woodlands are not yet 

represented. At the UK level, the net carbon uptake assigned to the forest component of land-

use change (i.e., new forests and forests that remain forests) in the annual emissions inventory 

(i.e., 18,331 ktCO2 in 20188) is equivalent to approximately 5% of the country’s total annual CO2 

emissions (i.e., 344,824 ktCO2 in 20188). Our work suggests that for the WRF region, trees outside 

woodlands are sequestering the equivalent of around 2% of the region’s emissions, highlighting 

a potentially important missing component of the national inventory. 

- Threats: Trees outside woodlands suffer many of the same threats as woodland trees in terms 

of pests and disease, but are also under additional pressure from development – particularly 

those in urban areas. Our analysis highlights the important contribution that trees outside 

woodlands are currently making in the region and provides evidence to support their protection.  

- Limitations and caveats: 

- Dataset size: for this pilot study we used data from the University of Leeds campus study to 

develop a relationship between carbon sequestered and stored, and the attributes of trees 

that can be obtained from the Bluesky dataset. In the future, inclusion of a larger dataset 

from which to match trees would enable us to improve the accuracy of our estimates. 
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Conclusions 

 

In this work we explore the potential for new woodland creation to contribute to net-zero targets by 

combining regionally appropriate growth rates with the UK’s voluntary standard for carbon dioxide 

sequestration through woodland creation, the Woodland Carbon Code. We explore a range of ambition, 

using the Forestry Commission’s “low-risk areas for woodland creation” and the areas identified as part 

of the Woodland for Water dataset by the Environment Agency and Forest Research.  

We find that planting of at least 2,800 hectares per year across the WRF region will be required in order 

for new woodlands to annually sequester an amount by 2050 that is equivalent to 50% of potential 

residual emissions. This assessment is dependent on the region following regional and national 

emissions reduction pathways over this period. 

 

Trees outside woodlands make up roughly 40% of the existing tree canopy cover across the WRF 

region. In this pilot study, we estimate that trees outside woodlands in the WRF region store 

approximately 10 MtCO2 (Table 12) and take up around 360 ktCO2 annually. This annual sequestration 

rate is equivalent to around 2% of the WRF region’s CO2 emissions in 2018, but at the level of individual 

local authorities, trees outside woodlands may be sequestering the equivalent of 8% of annual emissions. 

Whilst the carbon uptake of trees in woodlands or forests is accounted for in the national inventory of 

greenhouse gas emissions, trees outside woodlands are not yet represented. Our analysis highlights the 

important contribution that trees outside woodlands are currently making in the region, suggesting an 

important missing component in the national inventory and providing evidence to support their 

protection. 

 

 

 

 

 

 


