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Executive summary 
 

Starting from the proposition that the climate and biodiversity crisis are real and merit the 

urgent attention demanded by the scientific community and the various declarations of 

climate emergency, this LEADER funded pilot project advocates a transition to 

sustainable mixed farming in Wales based on agroecological principles. 

 

Based in the UNESCO designated Dyfi Biosphere Reserve in mid-Wales, the project 

marshals a selection of online geographic information (maps) to show that sustainable 

mixed agriculture is possible in many places in Wales and brings multiple social, 

economic and environmental co-benefits, including jobs and a more vibrant rural 

economy.   

 

Working at the level of individual farm fields, we show, with reference to historic data 

(principally, the tithe maps of Wales), that historically , mixed farming (growing crops as 

well as raising livestock) was commonplace in the lower lying areas of mid-Wales.  The 

method used for comparison with the contemporary situation dramatically illustrates the 

radical changes that have taken place in the Welsh landscape over the last 200 years.  The 

negative consequences for biodiversity are graphically illustrated by the almost complete 

loss of traditional meadows. A glimpse into the future  is provided by maps showing the 

suitability of land in the area for supporting a range of crops under different climate 

change scenarios ï low, medium and high greenhouse gas emission. 

 

From the outset, the project was informed by the position that the small, Welsh-speaking 

family farms that have been the cornerstone of Welsh rural economy for generations 

should be front and foremost in considerations of what sustainability means in Wales. In 

envisaging a future, ecologically sustainable Welsh society, far greater emphasis is 

needed on relocalisation and encouraging biologically diverse, highly productive, highly 

skilled, labour intensive, small scale agricultural enterprises.   

 

In keeping with the agroecological principle of building on the past, looking to the future, 

we collected oral histories from a number of older generation farmers (and their wives) 

in the Bro Ddyfi area who have witnessed the decline in mixed farming.  In the audio 

files accessible via the project website, the farmers describe the more vibrant and diverse 

rural economy of their youth, where more people worked on the land and there was 

greater reliance upon the help of your neighbours at critical times of the year.   

 

As a signpost to the kind of sustainability related research and development we think is 

needed, we implemented a map based decision-support tool that allows users to explore 

the available data (carbon storage, susceptibility to erosion, prior land use) and identify 

opportunities for reinstating arable cultivation. 

 

The report concludes with some recommendations for how the work of this pilot project 

could be taken forward and a plea that innovative digital technology be applied with 

greater consideration as to the urgency of our situation and the need for systemic change. 

 



 

 

 

 

1 Introduction 
 

This was a 21 month LEADER programme funded pilot project that ran from the 1st of 

April 2019 to the 31st of December 2020.  Set in the context of the UNESCO Dyfi 

Biosphere, the project was a small local contribution in response to some large national 

and global issues. 

 

At the time of writing, agriculture in Wales is going through a period of intense flux; we 

have exited the European Union, the trading environment has significantly changed, the 

European agricultural subsidy system is being replaced, and the pandemic caused by the 

novel coronavirus has highlighted, in the most dramatic way, just how fragile long 

complex food supply chains are.  On top of all this, we are faced with the existential 

challenges of global heating, ecosystem degradation, resource depletion, world hunger, 

and a growing population that needs feeding. 

 

This project adopted a positive stance, and set out to show, using geographic information 

(maps) as the main communication vehicle, that sustainable mixed agriculture (growing 

crops as well as raising livestock) is possible in many places in mid-Wales and brings 

multiple social, economic and environmental co-benefits, including jobs and a more 

vibrant rural economy.   

 

The need to produce food sustainably is one of the grand challenges of our age.  However, 

although awareness of the challenge is widespread, what sustainable farming means in 

practice is widely debated.  In this project, we advocated from the outset that the 

principles of agroecology should be followed and a more diverse range of food should be 

produced locally using agroecological practices.   

 

We have demonstrated an innovative use of geographic information and digital 

technology ï providing evidence that, historically, mixed agriculture was the norm in 

mid-Wales, and to help counter the perception that growing more locally is infeasible. 

 

The main tangible project outputs are available through the maps on the project website1 

and provide information on what was grown in the past in the Biosphere area, what is 

grown now, and what could be grown in the future.  From the outset, we committed to 

using open source software, open data, and open standards. Where possible, we have 

provided appropriate information in the material below. 

2 Why agriculture is so important 
 

The title of this section may sound like an oxymoron, but serious voices in recent Brexit 

related trade discussion have pointed out that, technically, agriculture is a small part of 

                                                 
1 https://www.dyfibiosphere.wales/mixed-farming-histories-and-futures  

https://www.dyfibiosphere.wales/mixed-farming-histories-and-futures


 

 

 

 

the current UK economy2 as conventionally measured, signposting a future economy 

focussed on services. 

 

From the outset, the thinking behind the Mixed Farming project has always been that 

agriculture is the central and most significant component of any future sustainable Welsh 

economy.  Given the pressures we are under, getting sustainable farming right is crucial 

in making the transition to an ecologically sustainable society.  How we manage our land 

has direct and profound implications for basic, inalterable, biological needs: where we 

live, our health and well-being, the water we drink, the air we breathe, the food we eat.  

This is why we have advocated the more holistic agroecological approach to sustainable 

farming. 

 

2.1 Agroecology 
 

This is a globally recognised term3 that encompasses a: 

¶ Science 

¶ Set of practices 

¶ Social movement 

 

As a science, it is the study of ecological processes applied to agricultural production 

systems.  As a set of practices, agroecology is about farming with nature and relying 

upon natural processes or ñecosystem servicesò to provide the essentials for food 

production, i.e. nutrient cycling, pest regulation, disease control, soil formation, 

pollination, etc.  The key to the concept is understanding that sustaining the productive 

capacity of agriculture in the long term (100ôs or 1000ôs of years) is entirely dependent 

upon the continued existence of intact, functioning, healthy ecosystems. 

 

The term ónature-based solutionsô has become an important part of Welsh Government 

policy in recent years, not least in the Environment (Wales) Act 2016. We would argue 

that an agroecological approach to food production embodies this concept. 

 

As a social movement, agroecology is characterised by an emphasis on farmerôs 

knowledge, local solutions, local economies, short supply chains to local markets, 

decentralisation, regeneration.  It seeks to shift the locus of control of our food systems 

towards producers and consumers, it is a positive movement as it holds that if we farm in 

a genuinely sustainably way we can create jobs, regenerate our rural economies, feed 

ourselves, draw down carbon through the use of natural processes for soil fertility, and 

address the biodiversity crisis ï none of the above is possible unless we have intact, 

functioning, healthy ecosystems. 

 

2.2 Food, agriculture and climate change 
 

                                                 
2 https://www.theguardian.com/politics/2020/mar/01/treasury-adviser-farming-and-fisheries-are-not-

important  
3 http://www.fao.org/agroecology/overview/en/  

https://www.theguardian.com/politics/2020/mar/01/treasury-adviser-farming-and-fisheries-are-not-important
https://www.theguardian.com/politics/2020/mar/01/treasury-adviser-farming-and-fisheries-are-not-important
http://www.fao.org/agroecology/overview/en/


 

 

 

 

Following publication (in 2018) of the UN Intergovernmental Panel on Climate Change 

Special Report4 on Global Warming of 1.5°C, climate emergency was declared at 

national5 and local levels.  

 

Agriculture is directly responsible for approximately 10% of the Greenhouse Gases 

produced by the UK economy.  However, if the entire food system is taken into account, 

it is closer to 30%6; with several analyses7 making a useful distinction between emissions 

due to the supply chain (manufacture, packaging, refrigeration, transport, etc), and 

emissions due to land use change (cutting down forests abroad to grow soya, palm oil, 

etc) in order to service UK import demand.   

 

Relocalisation ï a shift towards short supply chains and a greater volume of more diverse 

food produced locally - helps both reduce emissions, increase resilience, improve food 

security and make the transition to sustainable life styles. 

 

As mentioned above, agroecology relies upon biodiversity for nutrient management and 

the maintenance of the fertility required to sustain food production.  In the context of 

climate change, this is important as soil and the biosphere are major carbon sinks. For 

example, the worlds soil stores 2 to 3 times more carbon than the atmosphere8; this means 

that even relatively small increases in the quantity of the soil organic matter (and hence 

carbon) that agroecological practices rely upon for fertility disproportionately improves 

the effectiveness of soil as a means of sequestering carbon. 

 

In short, transitioning to agroecological practices not only feeds human populations, it 

also addresses the biodiversity and climate crises. 

 

The pandemic that is currently afflicting the entire human global population was not 

caused directly by climate change - although there is a strong link.  The evidence9 is that 

the constant human pressure on the remaining wildlife habitat is increasing the risk of 

transmission of zoonotic diseases.  Climate change is exacerbating this problem and a 

continued increased risk of vector borne diseases is forecast10.   

 

The pandemic highlighted how insecure our food supply chains are - in the early days, 

serious food shortages were are a real possibility and the supermarkets (with their long 

just-in-time supply chains) came under strain. There was an upsurge in demand for local 

produce as people attempted to secure reliable supplies of food.   

                                                 
4 https://www.ipcc.ch/sr15/download/  
5 https://gov.wales/welsh-government-makes-climate-emergency-declaration  
6 IPCC (2019). Summary for Policymakers. In: Climate Change and Land: an IPCC special report on 

climate change, desertification, land degradation, sustainable land management, food security, and 

greenhouse gas fluxes in terrestrial ecosystems [Shukla et al (eds)] 
7 https://landworkersalliance.org.uk/wp-content/uploads/2018/10/Farming-Food-and-the-Climate-

Crisis_v2.pdf  
8 https://www.4p1000.org/  
9 https://www.theguardian.com/environment/2020/apr/08/human-impact-on-wildlife -to-blame-for-spread-

of-viruses-says-study-aoe  
10 https://www.ipcc.ch/sr15/download/#full  

https://www.ipcc.ch/sr15/download/
https://gov.wales/welsh-government-makes-climate-emergency-declaration
https://landworkersalliance.org.uk/wp-content/uploads/2018/10/Farming-Food-and-the-Climate-Crisis_v2.pdf
https://landworkersalliance.org.uk/wp-content/uploads/2018/10/Farming-Food-and-the-Climate-Crisis_v2.pdf
https://www.4p1000.org/
https://www.theguardian.com/environment/2020/apr/08/human-impact-on-wildlife-to-blame-for-spread-of-viruses-says-study-aoe
https://www.theguardian.com/environment/2020/apr/08/human-impact-on-wildlife-to-blame-for-spread-of-viruses-says-study-aoe
https://www.ipcc.ch/sr15/download/#full


 

 

 

 

 

Climate change is happening and we may expect more perturbations (such as that caused 

by the novel coronavirus) to global supply chains, e.g. reduced crop yields in major grain 

supplying areas, extreme weather events, geopolitical instability. 

 

Many commentators11 have observed that the insecurity of the UKôs food system is a 

strategic vulnerability and that there is no physical reason why we cannot grow more of 

our own food.  

3 Historic sources of land use information 
 

3.1 Welsh tithe maps 
 

The digitised tithe maps of Wales were one of the main inspirations for the Mixed 

Farming project.   

 

Tithes are an archaic kind of tax formerly paid to the church based on quantities of local 

produce. In the nineteenth century, surveys were conducted and detailed maps were 

produced in Wales to better quantify how much was owed.  Each map was accompanied 

with statistical data - held in books called apportionments - often at the level of individual 

fields.   

 

The National Library of Walesôs (NLW) website12 Welsh Tithe Maps, was the main 

output from an earlier Archives and Records Council Wales project managed by NLW 

called Cynefin that used a crowdsourcing approach to digitise the apportionment data 

accompanying each parish tithe map ï scanned, georectified and now available online.   

 

It was during crowdsourcing associated with the Cynefin project that the progenitors of 

the Mixed Farming project first became aware just how much the agricultural landscape 

of the lower lying areas of Bro Ddyfi had changed in the recent past. 

3.1.1 Capturing the 1840 field boundary polygons 

One of the most significant outputs from the Mixed Farming project is the demonstration 

of just how powerful it is to be able to communicate agricultural land use change in 

Wales using chloropleth maps.  In other words, the ability to use colours associated with 

areas (agricultural fields categorised according to land use) rather than relying purely on 

point data.  Compare the 3 figures below ï an area of land around Aberystwyth 

Universityôs Gogerddan campus at the Southern border of the Dyfi Biosphere Reserve: 

¶ Fig 1 shows land use in 1830 ï the bright green and brown areas show the extent 

of meadow and arable respectively 

¶ Fig 2 shows land use now ï note there is little arable and no meadow 

                                                 
11 Lang, Tim. Feeding Britain ï Our Food Problems and How to Fix Them. Pelican Books, 2020 
12 https://places.library.wales/  

https://places.library.wales/


 

 

 

 

¶ Fig 3 shows original point data available via the Welsh Tithe Maps website 

 

 
 

Fig 1: 1830ôs land use tithe map data displayed by area (individual fields) 

 

 
 

Fig 2: Contemporary land use displayed by area (individual fields) 



 

 

 

 

 
 

Fig 3: Tithe map data displayed by point (individual fields) 

 

It is immediately apparent from the above that there is a lot less arable and that meadows 

have almost completely disappeared.  Similar results pertain across Wales13 and are a 

major factor14 in the cataclysmic decrease in biodiversity in Wales in recent years ï it is 

important to note that agricultural practices in the 19th century did not have the same 

reliance on agrochemicals and often used locally adapted varieties of plants. 

 

Project partner Environment Systems Ltd (ENVSYS) led the team tasked with digitally 

capturing the 1840 field boundaries and making the above possible.   

 

The contemporary national field boundary dataset for Wales is not publically available.  

As this dataset has multiple uses beyond its main purpose - rural payments, ENVSYS had 

created their own contemporary field boundary dataset prior to the Mixed Farming 

project.   

 

The approach devised for capturing the 1840 field boundary polygons involved 

segmenting the Dyfi Biosphere area and allocating volunteers different segments in a 

process that used: 

¶ base topographic mapping 

                                                 
13 https://www.fuw.org.uk/images/pdf/fuw-cynefin-study-preliminary-findings-to-date-27th-July-2016.pdf  
14 https://www.wwf.org.uk/updates/state-nature-wales-2019  

https://www.fuw.org.uk/images/pdf/fuw-cynefin-study-preliminary-findings-to-date-27th-July-2016.pdf
https://www.wwf.org.uk/updates/state-nature-wales-2019


 

 

 

 

¶ the contemporary field boundaries for that segment 

¶ the relevant section of the scanned 1840 tithe map 

¶ training in the use of QGIS software to enable the volunteers to follow the 1840 

field boundaries, digitise them and ñsnapò to the contemporary field boundaries 

where appropriate.  The latter is useful as often, the field boundaries have not 

changed and the modern boundaries have been captured more accurately. 

 

The process manifestly works but is labour intensive: approximately 220 hours of 

volunteer time went into capturing polygons just for the Dyfi Biosphere area.  Data 

quality varies depending upon the skill and experience of who is doing the digitising and 

there is significant amounts of missing data. 

3.1.2 Gaps in the tithe map data 

During the execution of the Mixed Farming project, the team got to know the tithe map 

data intimately and it became clear that the dataset was incomplete and of variable 

quality.  Of particular concern was that land use at the level of individual fields was not 

recorded in the apportionment data (óState of Cultivationô in the tables) in all parishes. 

 

 
 

Fig 4. Missing tithe map land use data in the Dyfi Biosphere 



 

 

 

 

 

The presence of large areas of grey within the Biosphere boundary (fig 4 above) indicates 

substantial missing data; specifically, óState of Cultivationô was not recorded in seven 

parishes in our area of interest. 

 

Fortunately, as part of a separate project looking at place names which reference past 

habitats and species, Coed Cadw / the Woodland Trust in Wales was willing to 

collaborate with ecodyfi to explore ways of filling these gaps.   

 

Two approaches were investigated: 

1. Analysing the field names recorded in the 19th century.  Unlike óState of Cultivationô, 

the column óName and description of lands and premisesô in the apportionment tables 

is complete for every parish and carries information of interest; including, potentially, 

what the field was used for.  We devised a means of automating the analysis of these 

data. 

2. Landed estates create maps and records for their ongoing management and these can 

be an important source of data concerning historic farming practices ï many 

predating the 19th century tithe surveys. We devised a means of inputting data 

sourced from estate maps. 

 

Both these approaches have potential for helping fill the gaps in land use information at 

field level ï detail is provided on the appropriate area of the Mixed Farming website15. 

 

3.2 1930 Land Utilisation Maps 
 

The first Land Utilisation Survey of Britain was led in the 1930s by L. Dudley Stamp of 

the London School of Economics. Using volunteer surveyors, mostly schoolchildren and 

their teachers, field level land-use data was recorded on 6-inch (1:10,560) Ordnance 

Survey maps.  

 

A simple classification was used, similar to that used by the Tithe Maps: meadow and 

grass, arable land, hill pasture, woodlands, gardens, and unproductive land. The resulting 

dataset was published using 1-inch (1:63,360) Ordnance Survey sheets as a base map.  

 

The granularity of the data collected by the first Land Utilisation Survey, almost a 

century after the tithe map data was collected, made this a suitable comparator to enable 

visualisation of the differences over the 90-year period between the 2 surveys16. 

 

This data was readily available for reuse by Mixed Farming via The Environment 

Agency funded raster digitisation and georeferencing of the 1-inch derivative sheets by 

the Great Britain Historical GIS Project at the University of Portsmouth in the early 

2000s. These digital derivatives are now made freely available for download and reuse 

                                                 
15 https://www.dyfibiosphere.wales/coed-cadw 
16 Higgins, Sarah. D5.2 Historical Agriculture Data Report. 2021 

https://www.dyfibiosphere.wales/coed-cadw


 

 

 

 

(with appropriate attribution) on their Vision of Britain website17.  This made it relatively 

straightforward for the digitised Land Utilisation Survey maps to be integrated into the 

Gateway (fig 5). 

 

 
 

Fig 5. 1930ôs Dudley Stamp data in the Information Gateway 

 

3.3 Other sources of historic data 
 

Led by project partner Aberystwyth University, the Mixed Farming project conducted a 

study18 of what other sources of historical agricultural data exist for this area of mid-

Wales.  For example: agricultural statistics, home office returns, land surveys, aerial 

photographs, farm sales catalogues, etc.  

 

It is entirely feasible that the approach piloted in this project be used to create a rich and 

more extensive dataset providing evidence of changes in land use at the level of 

individual fields. The discussion below (section 9) considers the utility of extending this 

work. 

4 Contemporary land use data 
 

                                                 
17 https://www.visionofbritain.org.uk/ [accessed Feb 2021] 
18 Higgins, Sarah. D5.2 Historical Agriculture Data Report. 2021 

https://www.visionofbritain.org.uk/


 

 

 

 

 
 

Fig 6. Contemporary Land Use in the Information Gateway 

 

The contemporary dataset used in the Information Gateway (Fig 6) for comparison 

purposes was prepared by project partner ENVSYS from a variety of different primary 

data sources, eg, satellite data, aerial photographs.   

5 Oral histories 
 

As emphasised at the beginning of this report; agriculture is important and getting it right 

is crucial in making the transition to a sustainable society.  Other sectors of the economy 

currently driving much contemporary political and economic calculations are human 

constructions and can change, but the fundamental biological need for clean air, water 

and food is absolute and has not changed throughout human evolution.  

 

This is part of the reason why agriculture is so deeply rooted in many nationsô history, 

identity, language and culture. This is true in Wales as elsewhere and it is no coincidence 

that Welsh language and culture is strongest in the farming community19.  The Mixed 

Farming project has held from the outset that the small, Welsh-speaking family farms that 

have been the cornerstone of Welsh rural economy for generations should be front and 

foremost in considerations of what sustainability means in Wales. 

                                                 
19 https://www.nfu-cymru.org.uk/nfu-cymru/documents/nfu-cymru-brexit-and-our-land-consultation-

summa/  

https://www.nfu-cymru.org.uk/nfu-cymru/documents/nfu-cymru-brexit-and-our-land-consultation-summa/
https://www.nfu-cymru.org.uk/nfu-cymru/documents/nfu-cymru-brexit-and-our-land-consultation-summa/


 

 

 

 

Following the agroecological principle of building on the past, looking to the future 20, 

much may be learned from listening to older generation Welsh farmers (and their 

families) who remember when agriculture in mid-Wales was more diverse.   

 

Consequently, project partners ecodyfi, Aberystwyth University Department of 

Information Studies and NLW led a work package which equipped volunteers to record 

oral histories (in Welsh) from a number (11 were recorded in the end) of older generation 

farmers across the Dyfi Biosphere area. The results were catalogued, partially translated 

into English and are accessible via the project website (Fig 7). 

 

 

 
 

Fig 7. Oral histories in the Information Gateway 

 

What these farmers describe is a more vibrant rural economy, a world where more people 

worked on the land and there is greater reliance upon the help of your neighbours at 

critical times of the year.  Within living memory; mixed agriculture, where farms kept a 

variety of livestock, arable in the lower lying areas and horticulture, was commonplace.   

 

As a contribution to the cultural and agricultural heritage of Wales, these oral histories 

have been deposited for posterity at the NLW. We would encourage any readers inclined 

to replicate any or all of the oral history related work described here to do so, and do so 

quickly, the generation that remembers first-hand the details of mixed farming in much of 

Wales is passing on. 

 

                                                 
20 https://www.foodsovereignty.org/wp-content/uploads/2015/02/Download-declaration-Agroecology-

Nyeleni-2015.pdf  














































