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Environment, Climate Change and Land Reform Committee  

Climate Change (Emissions Reduction Targets) (Scotland) Bill  

SUBMISSION FROM SEFARI 

Introduction 
 

1. SEFARI (Scottish Environment, Food and Agriculture Research Institutes) is a 
collective of six Research Institutes, each with global capability, expertise and 
reputation. These are:   
 

• Biomathematics and Statistics Scotland;  

• The James Hutton Institute;  

• Moredun Research Institute; 

• The Rowett Institute; 

• Royal Botanic Garden Edinburgh; 

• Scotland’s Rural College. 
 

2. Launched in 2017, SEFARI is underpinned by the strapline “Leading Ideas for Better 
Lives”, and works across the following subject areas:   

 

• Plant and Animal Health; 

• Agriculture; 

• Land and Communities;  

• Climate and the Environment; 

• Rural Economy; 

• Food and Drink Innovation; 

• Healthier Foods; 

• Science Education. 
 

3. SEFARI Gateway, funded by the Scottish Government, is the knowledge exchange 
and impact hub for SEFARI and works closely with, and across, the four Scottish 
Government funded Centres of Expertise on climate change, animal disease 
outbreaks, plant health, and water.  

 
Background  
 

4. This submission details areas of research on the measurement, modelling and 
mitigation of climate change – research underpinning measures which could help in 
meeting the targets proposed in the Climate Change (Emissions Reduction Targets) 
(Scotland) Bill. 

 
5. The submission draws predominantly on examples from the Scottish Government 

funded Strategic Research Programme (SRP), which is delivered by SEFARI and HEI 
partners. The current SRP runs from 2016-2021, and the breadth and depth of the 
research presented also reflects SEFARI’s core strength of being able to build on the 

http://www.sefari.scot/
http://www.bioss.ac.uk/
http://www.hutton.ac.uk/
http://www.moredun.org.uk/
https://www.abdn.ac.uk/rowett/
http://www.rbge.org.uk/
https://www.sruc.ac.uk/
https://sefariblog.wordpress.com/2017/03/29/sefari-leading-ideas-for-better-lives/
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findings and innovations from previous SRPs. This submission also includes 
information on some externally co-funded research.  
 

6. Through the SRP, SEFARI and partners deliver a wide research programme on the 
measurement, modelling and mitigation of greenhouse gas emissions from 
agriculture. This work addresses policy and societal interests in reducing emissions 
from the agricultural sector, and delivers to land managers by reducing the energy 
input required for their activities. The research involves direct close engagement with 
the agricultural sector, and this also contributes to wider theoretical and modelling 
work. 

 

7. The farm practices which can reduce greenhouse gas emissions, and the 
effectiveness of policies promoting such change, is a crucial aspect of achieving 
mitigation targets in Scotland. One overarching project being undertaken by SEFARI 
is looking at the effectiveness of the Farming for a Better Climate programme1  - a 
study which is being conducted to estimate the future uptake of five mitigation 
practices under future policy scenarios2.  

 
8. Work has also been carried out around the use of marginal abatement cost curves 

(MACCs)  to communicate options on national levels of mitigation, and related costs. 
Whilst such tools are integrative and visual, and have been used in many countries to 
inform policy makers, the many and varied assumptions used to construct MACCs 
usually remain hidden, imposing a challenge on the dialogue between policy and 
research. To overcome this problem, guidelines have been developed by SEFARI 
researchers for the creation and use of MACCs, drawing from international 
experience3. 

 
9. As well as work on the reduction of greenhouse gases from agricultural practices, this 

submission also includes some related examples of SEFARI natural environment and 
food-consumer research. Further information on either the examples cited, or broader 
aspects of greenhouse gas emission (GHGe) research within SEFARI can be supplied 
if required on: improved environmental resource use and climate resilience within 
crops#, integrated pest management (IPM)#, and animal welfare. 

 
Greenhouse gas emissions from agriculture - measurement, modelling and mitigation  
 

10. The main greenhouse gases are: carbon dioxide (CO2), methane (CH4), nitrous oxide 
(N2O) and fluorinated gases. Global emissions from agriculture are mainly in the form 
of methane and nitrous oxide arising from ruminant enteric fermentation (digestion in 
a multi-chambered stomach). Synthetic and organic fertiliser applications (e.g. 
manure) can also be significant contributors. 

Greenhouse gas emissions from soils, crops and pastures  
 

11. In order to make the most appropriate land management choices, there is a critical 
need to better understand how and why soils change over time. Work assessing the 

                                            
1 https://www.sruc.ac.uk/info/120175/farming_for_a_better_climate  
2 Current PhD at SRUC 
3 https://www.sruc.ac.uk/info/120352/greenhouse_gases/341/marginal_abatement_cost_curves  

https://foodsource.org.uk/glossary/ruminants
https://foodsource.org.uk/glossary/enteric-fermentation
https://www.sruc.ac.uk/info/120175/farming_for_a_better_climate
https://www.sruc.ac.uk/info/120352/greenhouse_gases/341/marginal_abatement_cost_curves


  ECCLR/S5/18/CCB/057 

 

 

changes in the quantity of organic matter in Scotland’s soils has been carried out using 
samples collected from over 180 locations throughout Scotland, where the soils at 
each of these locations were sampled 30 years apart. Further research using “stable 
isotope4” approaches on these soils allows for better prediction of the loss of carbon, 
and associated organic matter, from soils in response to changes in land use.  

 
12. As part of this work, SEFARI researchers are developing tools to predict the 

consequences of land management decisions on soil functions - including how well 
soil absorbs and retains greenhouse gases. These tools include: digital soil maps, 
localised spatial information, soil risk maps and models to predict impacts of 
environmental variables (i.e. climate change) on soil functions, including carbon 
cycling and loss of carbon from soil. 

 
13. An improved understanding of the processes contributing to greenhouse gas 

emissions has been achieved through SRUC’s carbon calculator ‘AgRe Calc’5. 
Assessments of emissions have been compared on a set of different farms using 
different carbon calculators and demonstrated that ‘Agre Calc’ offers many 
advantages over other comparable carbon footprinting tools6. 

 
14. Utilising the Centre for Sustainable Cropping, based at the James Hutton Institute7, 

conventional crop management is being compared with alternative (lower input) 
approaches. This work is establishing how these approaches impact on crop 
production, and associated greenhouse gas emissions. 

 
15. SEFARI researchers have been linking crop nitrogen use to nitrous oxide emissions, 

as influenced by different fertiliser inputs. In spring barley, Scotland’s major arable 
crop, nitrogen use efficiency is increased in new high yielding varieties. Although site 
and seasonal variation in greenhouse gas emissions is large, there is evidence that 
novel approaches such as nitrification inhibitors## can reduce nitrous oxide emissions, 
without compromising crop yield. 

 
16. Crop residues are the materials left in an agricultural field after the crop has been 

harvested. These residues include stalks, stubble, leaves, and seed pods. The 
importance of crop residues and residue management in contributing to greenhouse 
gas emissions are being explored in a project involving collaborations between 
SEFARI and partners across Europe.  The importance of different residue types and 
methods of physical incorporation (i.e. ploughing, digging etc.) on greenhouse gas 
emissions and carbon sequestration is currently being investigated8.   

 
17. A national programme of review, soil sampling, analysis and modelling has been 

undertaken to establish factors contributing to carbon sequestration in UK grasslands.  
The result of this extensive evaluation has shown that the grasslands which have 

                                            
4 Stable isotopes are light and heavier nuclides of a specific element (e.g. C13 and C12) and can be used as a 
research tool  
5 http://www.agrecalc.com/  
6 https://www.sciencedirect.com/science/article/pii/S0959652617313677 
7 http://www.hutton.ac.uk/about/facilities/centre-sustainable-cropping  
** A Marginal Abatement Cost Curve is a way of presenting carbon emissions abatement options relative to 
a baseline such as business-as-usual 
8 Research involves Defra. 

http://www.agrecalc.com/
https://www.sciencedirect.com/science/article/pii/S0959652617313677
http://www.hutton.ac.uk/about/facilities/centre-sustainable-cropping


  ECCLR/S5/18/CCB/057 

 

 

remained undisturbed for more than 10 years contain significantly greater carbon 
stocks than those with disturbance9.  

 
18. On grasslands, preliminary results demonstrate significant variation in soil carbon 

dioxide/nitrous oxide fluxes as a function of the plant species growing in the pasture. 
Work is planned to link this with ongoing research investigating the potential of 
management of field margins for reduction of greenhouse gas emissions, and to 
support other ecosystem services. 

 
19. Further studies are underway to establish the extent to which liming of grassland soils 

(to increase soil pH and reduce acidity) can help reduce nitrous oxide and other 
greenhouse gas emissions. Different approaches to, and rates of, liming are being 
compared (precision and standard liming) and measurements are being made of 
changes in soil fertility, biology, greenhouse gas emissions and grass yield. This work 
explores the implications of Scottish Government proposals to introduce a programme 
of Scottish soil testing for pH.   

 
20. During the previous SRP (2011-16), experiments investigating grassland 

management in the uplands were conducted at the SRUC Kirkton site. These 
experiments, which are in the process of being reported, found that reseeding old 
permanent pastures results in an increase in nitrous oxide emissions from the soil 
(three times as much was emitted from the reseeded plots compared to the permanent 
pasture plot).  
 

21. The results indicate that at this site (Kirkton Farm, 2012-2013) there was no significant 
difference between the productivity of the grassland in the ploughed and minimum 
tilled plots, although the cost of establishing the minimum tilled reseed was half that of 
the ploughed reseed. However, it was shown that it was only through ploughing that 
arable weed species were able to germinate. It was noted that some of these weed 
species were of conservation value and provide an important nectar source for 
bumblebees and other insects. 

Greenhouse gas emissions from livestock 
 

22. Tools are being developed to help in the breeding of ruminants with lower methane 
emissions. Projects include (i) Nuclear Magnetic Resonance (NMR)-based analysis of 
rumen contents for markers for emissions; (ii) Laser methane detector for rapid low-
cost measurement of methane emission: (iii) Analysis of the rumen microbiome 
(microbial community analysis) and microbial genes10; and (iv) X-ray CT scanning of 
rumen material. 

 
23. SEFARI researchers won the prestigious PLOS Genetics Research Prize 2017 for 

their work on the potential use of rumen microbial information to reduce methane 
emissions in beef cattle11. This was based on research findings from the 2011-16 and 

                                            
9 Research involves BEIS. Department for Business, Energy and Industrial Strategy 
## Nitrification inhibitors are compounds added to nitrogen fertilisers to reduce the rate at which ammonium is 
converted to nitrate. 
10 Research involves BBSRC and University of Aberdeen and Edinburgh.  
11 http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1005846  

http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1005846
http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1005846
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2016-2021 SRPs, and Scottish Government underpinning of externally funded 
research. The external funders were BBSRC, Defra and the devolved administrations 
(through the UK Agricultural Greenhouse Gas Inventory Research Platform).   

 
24. As well as animal genetics, what livestock eat also has an impact on methane 

emissions. The diet of livestock is being studied, as is the effect of additives to the diet 
on emissions. This includes work exploring the effects of forage12 legumes13 on 
methane (CH4), emissions. Work is also underway on dietary additives which reduce 
methane emissions through a variety of mechanisms. 

 
25. Work is being carried out on breeding to increase feed conversion efficiency, since by 

reducing the amount of feed required to produce a kg of beef/lamb or litre of milk, 
emissions intensity is reduced. Projects in this area include Defra-funded work (led by 
SRUC and AHDB) to establish feed efficiency protocols, and a national testing 
infrastructure for beef cattle. Work is also being conducted on the development of a 
simple proxy (blood-based test) for feed efficiency14. 

 
26. A programme of measurements of greenhouse gas emissions from dairy farming has 

recently been completed at SRUC’s Crichton Farm in Dumfries. This work has focused 
on emissions of nitrous oxide (N2O), and also on carbon sequestration.  Other 
measurements allowed the quantification of livestock emissions from cattle and an 
overview of system level emissions to be built. 

 
27. SRP research on breeding and genetics delivers key support to Beef Efficiency Scheme 

(BES) within the Scottish Rural Development Programme15. The previous SRP 2011-
16 provided significant assistance to policy teams in the development of the scheme, 
and, working through the BES steering Group, directly informed the formation of the 
policy, including cross Scottish Government-portfolio working with ClimateXChange 
on the benefit of enhanced data recording and genomics as tools to improve 
environmental efficiency and sustainability of the beef industry. 

Animal Health and greenhouse gas emissions 
 

28. Animal health research is quantifying the multiple benefits that can be achieved for 
livestock production efficiency and reduced greenhouse gas emissions through 
improved animal health. 

 
29. SEFARI scientists within the SRP, and working with the Centre for Expertise on 

Climate Change (ClimateXChange), have produced an assessment of the role of 
improved animal health in the reduction of greenhouse gas emissions from livestock. 
This work was at the request of the Scottish Government.  

 
30. Climate chamber studies have shown that gastrointestinal parasitism accounts for 

~10% GHGe from adult sheep and even more from lambs. Parallel field/modelling 

                                            
12 Forage is a plant material (mainly plant leaves and stems) eaten by grazing livestock. 
13 Legumes are plants in the pea family that produce pods with seeds inside. 
14 Research includes industry-led project with Innovate-UK 
 

https://www.ruralpayments.org/publicsite/futures/topics/all-schemes/beef-efficiency-scheme/
http://www.climatexchange.org.uk/files/7414/6054/5380/Livestock_Health_and_GHG.pdf
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studies have shown that effective gastrointestinal parasite control can reduce GHGe 
by an equivalent amount. 

 
31. Research is also currently exploring the impacts of key endemic diseases (i.e. liver 

fluke, parasitic worms and bovine viral diarrhoea) on the carbon footprint of grazing 
livestock in Scotland, using industry datasets. 

National reporting of agricultural greenhouse gas emissions 
 

32. Much of the SRP work described above, together with an earlier programme of work 
(called the Greenhouse Gas Platform Programme) is helping to improve our 
knowledge and understanding of greenhouse gas emissions in agriculture, and is 
allowing us to improve approaches to national emissions reporting. SEFARI 
researchers are working to improve reporting systems and help build a better basis for 
understanding mitigation approaches15.  

 

Natural environment, land management and consumer research relevant 
to greenhouse gas emissions from agriculture  
 

33. The following additional examples illustrate the breadth of the SRP work across food 
production, food supply, consumption and related natural assets to improve Scotland’s 
approach to understanding, and responding to, climate change.  

 
Distillery by-product use and greenhouse gas emissions 
 

34. SEFARI researchers have carried out work examining the potential for the use, as 
cattle feed, of by-product from Scottish malt whisky production. The use of such by-
products in the beef supply chain indicates that use as animal feeds leads to a similar 
reduction in net emissions as using them in bio-energy generation. 

 
Peatlands  
 

35. Peatlands cover nearly a quarter of Scotland, containing over half of the total carbon 
in Scottish soil. Recent SEFARI research has dramatically improved the ability to 
model peatland carbon stocks and emissions.  In collaboration with ClimatexChange, 
recent SRP research has shown the benefits of peatland restoration on carbon 
management, thus helping to support the reduction targets in greenhouse gas 
emissions required by the Climate Change (Scotland) Act 2009.   
 

36. The use of revised emission factors and peatland area data in the energy modelling 
system, TIMES16, was used to update scenarios for the recently published Climate 
Change Plan17. SRP researchers are currently producing an updated version of the 
WISE Peatland choices model18, which will provide the likelihood of a given location 

                                            
14 Funding is also from Defra, NERC, EU, GRA, BEIS 
16 http://www.parliament.scot/ResearchBriefingsAndFactsheets/S5/SB_17-
07_Draft_Climate_Change_Plan_and_Scotlands_Climate_Change_Targets.pdf  

17 http://www.gov.scot/Publications/2018/02/8867  
18 http://www.climatexchange.org.uk/files/9514/2312/9972/WISE_leaflet_v2_Sept_2014.pdf  

http://www.parliament.scot/ResearchBriefingsAndFactsheets/S5/SB_17-07_Draft_Climate_Change_Plan_and_Scotlands_Climate_Change_Targets.pdf
http://www.parliament.scot/ResearchBriefingsAndFactsheets/S5/SB_17-07_Draft_Climate_Change_Plan_and_Scotlands_Climate_Change_Targets.pdf
http://www.gov.scot/Publications/2018/02/8867
http://www.climatexchange.org.uk/files/9514/2312/9972/WISE_leaflet_v2_Sept_2014.pdf
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being in good condition, or conversely, highly ranked in terms of restoration potential. 
This model should be available in 2018. 

 
Delivery of Ecosystem Services  
 

37. SEFARI research is assessing, through the lens of ecosystem services19, the impact 
on carbon stocks/emissions, nutrient retention and sediment retention from current 
land cover, and how these might alter with climate change. The trade-offs or synergies 
between agriculture/woodland expansion/peatland restorations are the main focus of 
the work.  This approach is being tested on SEFARI farms at Balruddery, Glensaugh 
and Auchnerran (Tarland).  

 
38. SEFARI researchers have contributed to the development of the first Global Soil 

Organic Matter map – this was launched on World Soil Day 2017 by the United Nations 
Food and Agriculture Organisation (FAO). The map is the first of its kind to be 
produced on a common grid for the whole planet, and involved over 100 countries. It 
allows scientists and policy makers to identify degraded areas and explore the 
potential for soils to store soil carbon to help reduce atmospheric carbon dioxide 20.   

 
Food waste 
 

39. Food waste research undertaken through the SRP has been awarded funding for an 
Interreg Europe project, ‘Dairy-4-Future’21, and a PhD studentship on innovation and 
collaboration to mitigate food waste in the fruit and vegetable supply chain. Research 
published on food waste and losses in primary production has revealed that farmers 
do not consider food waste to be an issue of primary concern, but perceive it to be an 
intrinsic part of farming.  
 

40. Results indicated that farmers do not routinely record waste and have difficulty in 
providing estimates for food waste and losses. However, many of the causes of food 
waste identified are due to factors further along the food supply chain, including 
cosmetic specifications by retailers, and a lack of processing facilities. Farmers 
expressed an interest in adding value to how food waste is used on their farms, but 
identified several barriers to this. 

 
Understanding and communicating healthy and sustainable diets 
 

41. The human diet and associated dietary choice can have an impact on greenhouse gas 
emissions. Achieving a healthier and more environmentally sustainable diet has 
potential to bring benefit to Scottish, UK and EU citizens. SRP research has addressed 
the often complex relationships between greenhouse gas emissions and healthy diets.   
 

                                            
19 Ecosystem services are the many and varied benefits that humans freely gain from the natural environment 
and from properly-functioning ecosystems. 

20 In collaboration with Cranfield University, Agri-Food and Biosciences Institute and the Centre for Ecology and 
Hydrology. 

21 http://www.dairy4future.eu  

http://www.fao.org/world-soil-day/global-soil-organic-carbon-map/en/
http://www.fao.org/world-soil-day/global-soil-organic-carbon-map/en/
http://openaccess.sruc.ac.uk/handle/11262/11310
http://www.dairy4future.eu/
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42. Building on this ground-breaking research underpinned by the 2011-2016 SRP and 
working with Newcastle University (the developers of INTAKE 2422; an online method 
for assessing dietary intake by individuals), SEFARI researchers are currently linking 
available greenhouse gas emissions data with the National Diet and Nutrition Survey 
(NDNS23) and the nutrient data bank behind INTAKE 24.  This work has considerable 
potential for determining the influence of dietary change/advice on greenhouse gas 
emissions.  

 

Summary and conclusion 
 

43. SEFARI, working with HEI partners and the Centres of Expertise, is delivering 
integrated, cross-disciplinary research, exploring the interface between agriculture, 
land management, food supply and consumption, to provide the evidence to 
understand the consequences of greenhouse gas emissions and ways to reduce them 
and their impacts. This research is set within SEFARI’s wider strategic research aims 
for enhancing environmental sustainability for farming and food.  
 

44. If the Committee so wished, we would be delighted to host a visit to any SEFARI 
location to demonstrate or discuss our research further. We would equally be delighted 
to give oral evidence if required.  

 
 

  

 

 

 

 

                                            
22 https://intake24.co.uk  
23 https://www.gov.uk/government/collections/national-diet-and-nutrition-survey  

https://intake24.co.uk/
https://www.gov.uk/government/collections/national-diet-and-nutrition-survey

