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At the core of the Paris Agreement of 2015 is the commitment to keep global 

temperature rise since pre-industrial times ‘well below 2°C’, to try to limit it to 

no more than 1.5°C and “to achieve a balance between anthropogenic 

emissions by sources and removals by sinks in the second half of the present 

century”.  

 

This will require achieving net zero emissions of greenhouse gases (GHGs) 

around 2050.  

 

The rise of 1.3 per cent in global GHG emissions during 2017 and the extreme 

weather conditions with unusually severe droughts and forest fires experienced 

in 2018 serve as a reminder of the urgency of this task. 

 

Implications of the Paris Agreement 

 

This challenge will require all countries and all parts of the economy to deliver. 

In agriculture and industries such as cement and aviation it will be very difficult 

to bring emissions to zero. Although carbon dioxide (CO2) is the most 

abundant GHG, stabilisation and then a downward trend will not be achieved 

without major reductions of emissions of methane (CH4) and nitrous oxide 

(N2O), gases with global warming potentials over 100 years respectively 25 and 

298 times that of CO2. At the same time, the atmospheric lifetimes of these 

three GHGs are from 30 to 95 years for CO2, 12 years for CH4 and 121 years for 

N2O. 

 

Moreover, in agriculture and industries such as cement and aviation, it will be 

very difficult to reduce emissions to zero. Each country will also need to invest 

in ‘negative emissions’– ways of absorbing enough carbon dioxide from the air 

to cancel out those emissions that inevitably remain. It appears inevitable that 

carbon capture and storage (CCS) will be required to play a part here. The 

most primary and most effective form of CCS is through increased carbon 

sequestration in the terrestrial biosphere sink. Only thus can the target 

realistically become ‘net-zero’.  

 

Some countries have already set this target in law – notably Sweden, which 

has a legal target of net zero emissions by 2045. Norway, Iceland, France, 



Portugal and New Zealand are also committed to net zero emissions by mid-

century or before; and following April’s announcement, it is a goal towards 

which Britain also is moving (the proposals of the UK Committee on Climate 

Change are currently expected, and papers on Land Use: Reducing emissions 

and preparing for climate change and Biomass in a low-carbon economy 

have been published this year). The EU 2030 Climate and Energy Framework 

commits to reducing emissions by 40 per cent on 1990 levels (improving energy 

efficiency by 27 per cent and the share of renewable energy by 27 per cent) 

and this November Commissioner Arias Cañete, presenting eight pathways for 

reductions, stated the Commission’s preference for the EU to achieve climate 

neutrality (net zero emissions) in 2050.  

 

Agriculture, Forestry and Land Use 

 

Although globally much CO2 currently comes from deforestation and land-use 

change (with continuing emissions over 50 years from the cultivation of former 

woodland and pasture soils), agricultural practices are also major sources of 

relatively intractable emissions: 

 

 CH4 from livestock systems (enteric fermentation and manure) and 

 also from [irrigated] rice production 

 

 N2O from soil fertilisation using inorganic or organic N-based fertiliser. 

 

Land use and management is, however, in a unique position, since the carbon 

stock in woody biomass and soils, depending on management, may be either 

a source of emissions or a net sink through additional sequestration. Moreover, 

in Europe, however, there is currently little land-use change and carbon 

sequestration, especially in woodland, is rising.  

 

In 2015, annual additional carbon sequestration in forests and soils amounted 

to 295 million tonnes CO2, but agricultural emissions amounted to 438 Mt CO2 

equivalent, a deficit of 143 Mt. CH4 from enteric fermentation in cattle and 

N2O emissions from managed soils represented 37 per cent and 30 per cent of 

agricultural emissions respectively. At the same time, up to half the food 

acquired in developed economies is currently wasted (the figure for bakery 

products in UK is 11 per cent of food waste by weight). 

 

The need is therefore to maintain food productivity with more efficient use of 

inputs and to diversify land management to increase sequestration at the 

same time as material and energy substitution, while enhancing the 

environment. This can only be done by realising the potential of the concept 

of bioeconomy. 

 

Moreover, even if warming is kept to + 1.5 degrees above pre-industrial 

temperatures, there will be considerable need for adaptation and the 



implementation of resilience measures. This will have to be implemented 

alongside mitigation measures and will include: 

 

 Management of water resources in the context of increasing soil 

 moisture deficits 

 

 Plant breeding techniques to develop varieties less susceptible to 

 drought, pests and disease 

 

 Protection (including insurance) against extreme weather events 

 

 Enhanced biosecurity  

 

 An effective policy to control invasive alien species 

 

 Development of balanced uneven-aged forest structures with mixed 

 species  that are more resilient to weather extremes, fire and pests (e.g. 

 Ips typographus) 

 

 Biodiversity measures targeted especially at wetlands, montane 

 regions and migration corridors 

 

 Management and stabilisation of eroding coastlines and floodplains 

 

The design of Agricultural Policy should reflect these challenges and 

complexities. 

 

 

Towards net zero emissions: a range of challenges and opportunities  

 

Soil Carbon 

  

 Soil restoration (including peatland) 

 Much soil damage has occurred from erosion due to lack of winter  soil 

 cover on arable land, which can be prevented by the use of cover 

 crops. On pastures, soil damage has usually resulted from overgrazing. 

 Peatlands contain much higher levels of carbon  than mineral soils but 

 have suffered from drainage and drying out as well as overgrazing and 

 afforestation with low quality conifers. Restoration schemes with 

 rewetting can stabilise the peat over time and allow the carbon stock 

 to rebuild, while reducing run-off in the catchment. Scotland has 97 

 peat  restoration schemes, although the carbon sink may take up to 

 300 years to reach natural capacity. 

 

 Tillage 

 No-till cultivation techniques can slowly increase soil carbon in arable 

 land, but on many soils a conventional till will sometimes be required, 



 releasing the additional carbon. Although such techniques will improve 

 moisture retention and soil structure, they are less likely to increase 

 long-term sequestration except where tillage can be completely 

 avoided. 

 

 

 Land-Use Change (conversion to permanent pasture or woodland) 

 This is the most certain way of increasing soil sequestration, since 

 permanent pasture and woodland soils hold carbon than arable land. 

 The factor can range from 35 per cent to more than 100 per cent, 

 depending on region and whether the soil is mineral or peaty, based 

 on broad UK figures. A gradual increase in soil carbon is expected to 

 result over a period of from 50 years (mineral soils) to 300 years (peaty 

 soils).  

  

 However, the transition will require support mechanisms.  

 

Forests and Woodland 

 

 Inventories  

 In much of Europe (Germany, Austria, Switzerland, Czech Republic, 

 Sweden, Finland) forest inventories carried out on a periodicity of from 

 7 to 10 years showing the age structure and standing volume by 

 species have been standard sylvicultural practice since the late 

 nineteenth century. Simpler to carry out in even-aged stands, the Swiss 

 méthode de contrôle is the classic example of more sophisticated 

 application in mixed, uneven-aged continuous cover forests. 

 

 Timber products and material substitution 

 The most obvious benefits in material substitution are in construction to 

 displace steel, concrete and brick, all of which generate substantial 

 emissions in manufacture, and in packaging.  

 Timber-built blocks of flats are currently under construction in 

 Sundbyberg, Stockholm and timber-framed multi-storey buildings are 

 currently under construction in (for example) London and Tokyo.   

 

 Biomass for energy  

 Biomass is a growing source of heating which is also applicable to 

 communal schemes. Apart from utilising forestry thinnings and waste, 

 Miscanthus and short-rotation coppice can be grown for the purpose 

 on poorer arable land. Short-rotation forestry is a further option which 

 will, however, result in a smaller ongoing carbon sink to manage than 

 where this objective is combined with growing timber for material 

 substitution. 

 

 

 



 Markets 

 Timber prices continue to display volatility or downward trends 

 (Germany) which are potentially a major disincentive to active 

 management. This is among the structural reasons why many small 

 woodlands and parcels of forest currently fail to achieve their 

 potential, both as carbon sinks and as regards harvest (substitution). 

 

  

 Carbon trading  

 The additional, annual sequestration from new (post-1990) afforestation 

 could be traded on the basis of a forest inventory. However, this would 

 need to be on the basis of time-limited certification with the obligation 

 on the buyer to renew. The period of  validity should not exceed five 

 years or the period of the inventory  to allow for changes in the 

 carbon stock (including eventual harvest). 

 

 Afforestation 

 In addition to increasing soil carbon, afforestation offers a substantial 

 increase in the carbon sink in woody biomass and timber for material 

 substitution. The potential is thus defined by the size and density of the 

 carbon stock and will be achieved over the life of the rotation where a 

 clear fell (including clear fell by compartments) is used or over the time 

 required to achieve ‘normal’ forest (equilibrium) in continuous cover 

 systems. 

 

 Agroforestry 

 Agroforestry also offers small-scale benefits but is likely to be more 

 relevant as an adaptation measure. 

 

CH4 and N2O Emissions from Livestock 

 A recent report indicates the livestock emissions for EU28 would need 

 to be reduced by 74 per cent to achieve an overall reduction in GHG 

 emissions of 80 per cent by 2050. The same report suggests that, on a 

 stocking rate of 0.5 to 1.0 Livestock Unit per hectare, all but five 

 member states would require less than their present numbers of 

 ruminant livestock to graze their area of permanent pasture, and that 

 on a conservative estimate about half the number would be required 

 across the EU. 

 Allan Buckwell, A. and Elisabet Nadeu (2018), What is the Safe 

 Operating Space for EU Livestock? (RISE, Brussels) 

 

 Cattle 

 Emissions from cattle, and particularly dairy herds, are a major source 

 of livestock emissions. Some 62 per cent of EU livestock emissions are 

 caused by enteric fermentation in cattle. Since 1990, the implied 

 emission factor for EU dairy cattle has risen by 22.3 per cent (for other 

 cattle by 3.5 per cent). Different livestock systems, however, are 



 associated with different levels of inputs and emissions, depending 

 principally on the source of food. 

  

 Diet 

 Optimising the quality and digestibility of feed reduces emissions from 

 enteric fermentation. However, this will often have already been 

 achieved with confined livestock. Where diet is sub-optimal, there is 

 scope for the introduction silage and legume hay, and improving 

 pasture. 

 

 Anaerobic Digestion 

 Anaerobic digestion has potential for capturing CH4 emissions from 

 housed livestock. However, in practice many anaerobic digesters rely 

 partly on obtaining other sources of waste and/or growing energy 

 crops  such `as maize (therefore generating a prior cycle of N2O 

 emissions).  

 

 Storage and Incorporation of Manure 

 Acidification treatment of slurry and covered storage of manure can 

 significantly reduce GHG emissions. Incorporation and injection of 

 manure offers further scope, although in some circumstances this has 

 led to pollution swapping, reducing ammonia (NH3) emissions but 

 increasing those of N2O. 

 

 Intensive systems reliant on prior cycles of N2O emissions from fertilised 

 grass and/or cereal diets 

 The crux of the management issue is that while adjustment of diet and 

 manure management techniques can be applied more effectively to 

 confined livestock, intensive systems are fundamentally reliant on grass 

 fertilised with additional inorganic N (typically dairy herds) and on 

 cereal diets (both dairy and beef herds). They are therefore 

 dependent on generating a prior cycle of N2O emissions (which in the 

 case of imported feed will not show on the  same national inventory as 

 the herd’s direct emissions). In addition, there are significant upstream 

 emissions from the manufacture of fertiliser: for example, in the case of 

 Ammonium Nitrate with a nutrient content of 33.5 per cent, emissions 

 (CO2 eq) at plant gate are 1.18 kg per kg of product before taking into 

 account a further 1.89 kg from application (based on 2011 

 technology). These represent a further prior cycle of GHG emissions, 

 and in the case of imported soya there may have been further 

 emissions from indirect land-use change. 

 

 It is therefore likely that significant reductions in emissions overall can 

 only be made by shifting away from  intensive systems, combined with 

 improving diet and application of manure management techniques 

 for that part of the year when  the livestock would normally have to be 

 housed. This period is tending to diminish with warmer winters, 



 increasing the practicality of using straw, silage and hay as principal 

 components of diet at this time of year. 

 It should be expected that a move away from cereal-based diets will 

 affect cereal prices at the lower end of the range, as well as  resulting 

 in slower finishing of beef animals and some reduction in milk yields. 

 These will need to be compensated by the broader switch to the 

 bioeconomy and transitionally by Agricultural Policy. 

 

N2O Emissions from Soil Fertilisation 

 

          Precision agriculture 

 Greater care in the timing of N application to avoid times of heavy 

 rainfall or periods of dormancy in the crop and adjusting the rate of 

 application at field or smaller scale have significant potential to reduce 

 emissions. Practically, however, the potential impact of other factors 

 during the growing period can make judging localised reductions in 

 application problematic. Greater reductions could be achieved 

 ‘upstream’ by reducing the emissions associated with the production 

 of inorganic N fertiliser. This would also imply maximising the use of 

 organic manure from livestock wherever this is not done in order to 

 displace the embedded emissions of inorganic N. 

 

 Rotations  

 Longer cropping rotations can increase soil fertility by introducing 

 nitrogen-fixing crops, such as (Lucerne (alfalfa) or clover, and can 

 improve control of persistent weeds.  The Holkham estate (UK), employs 

 six-year rotation, typically Winter Barley, Oilseed Rape, Winter Wheat, 

 Potatoes, Spring Barley, and Sugar Beet, with sometimes a maize crop. 

 It is a  principle here to avoid two successive straw crops. The Esterházy 

 estate (Austria), which has converted to organic farming, has a typical 

 rotation of lucerne, wheat, maize, soya, barley, legumes, pumpkins, 

 oats or other fodder cereals, sunflowers and back into lucerne. 

 Agricultural Policy would need to support less profitable crops within 

 the rotation, which might include options for two-year or three-year 

 grass/fallow. Moreover, the full potential of longer rotations is unlikely to 

 be realised without applying plant breeding techniques such as gene 

 editing. 

 

 Renewables as break crops  

 The use of energy crops as break crops in the annual rotation could be 

 encouraged by promoting their use for renewable energy (e.g. sugar 

 beet or oilseed rape). This could be implemented with minimal 

 implications for indirect land-use change. 

 

 

 

 



Land Use as a platform for renewables 

 The relative benefits of forest biomass and other renewables will vary 

 according to windiness, rainfall and solar radiation in each region. 

 

 Wind power 

 The potential for wind power has already been widely developed, 

 both on-shore and off-shore.  

 

 

 Hydro power 

 Many land managers have potential to produce hydro power. As an 

 example, the Attadale estate in Wester Ross, Scotland has four 

 schemes together capable of producing 4.8 MW, the application of 

 hydro schemes in lowland regions is partly dependent on developing 

 technology capable of using a low head of water of 2m or less. All 

 hydro schemes are potentially vulnerable to periods of low flow. 

 

 Solar power 

 The use of land, especially marginal land, for solar power is another 

 important source of renewable energy. The Gemasolar thermosolar 

 farm on the  Monclova estate at Fuentes de Andalucía occupies 197 

 ha and is able to generate 19.9 MW of electricity a year capable of 

 supplying 110 GW  hours and saving 30 Mt CO2 emissions.  

 

Timelines 

 Some of the above measures, such as avoiding prior cycles of 

 emissions, or lengthening crop rotations, or can be implemented 

 rapidly.  

 Measures involving introduction of short-rotation coppice will take 

 approximately 3 to 10 years to achieve and in the case of short-

 rotation forestry about 20 years.  

 Measures involving additional soil sequestration of carbon will take from 

 50 to 300 years to come to fruition, depending on soil type and 

 location. At the end of that period, the sink will have reached 

 saturation. 

 

 Afforestation measures are likely to take from 80 to 150 years to 

 achieve, depending on species, rotation and site. 

 

 Measures involving better management of existing woodland, 

 including conversion to high forest, are likely to require a period at the 

 lower  end of this scale. 

 

 

 

 

 



Summary of Principal Recommendations 

 

 The optimal contribution of land management to achieving net zero 

 emissions through additional carbon sequestration and material 

 substitution cannot now be achieved by 2050, but the greater part of its 

 potential could be achieved by 2100, if appropriate measures are 

 introduced now. 

 

 Arable crops: support longer rotations with the introduction of legumes. 

 

 Livestock: reduce or avoid the generation of prior cycles of N2O 

 emissions. 

 

 Land-use Change: support a major shift towards permanent pasture 

 and, especially, afforestation.  

 

 Existing woodlands: encourage the use of forest inventories, and better 

 management of small woods. 

 

 Encourage material substitution through building regulations. 

 

 Encourage energy substitution through biomass and break crops. 

 

 Direct and indirect land-use change and carbon stocks must be part of 

 all policy and management equations. 
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