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Preface This report aims to engage, inform and foster discussion on calculating the carbon foot print of farms. Although many in the industry are sceptical global warming is related to increasing greenhouse gases there is an undoubted potential threat and therefore a need to estimate the carbon foot print of various enterprises including farms. It is likely that these calculations, as best available evidence, will be used to inform policy. We hope to engage all sectors of society – consumers, farmers, scientists, politicians, journalists –because the farming sector may offer a promising opportunity to help mitigate climate change and this warrants further discussion of how to calculate its carbon footprint so that its contribution to food production world wide can be assessed in a proper perspective. We aim to inform by presenting the issues in clear simple terms while giving sufficient scientific detail for the reader to fully understand the arguments put forward and allow them to form their own opinions of the way forward. We hope the document will continue the process of debate and will help lead to an improved and importantly agreed methodology for farmers to calculate the carbon foot print of their business allowing them to formulate clear plans to minimise any negative factors and take advantage of the positive environmental aspects of their business so ensuring an appropriate balance of business and public good objectives..



Following the introduction the report is structured in six chapters • Methodologies to estimate greenhouse gas exchange on farms • Boundary issues i.e. direct vs indirect emissions and farm gate vs life cycle analysis • Offsetting from the budget the carbon cycling within farm units i.e. carbon dioxide into grass which is fed to cattle and converted to methane and nutrients and used to encourage more grass growth • Embedded-carbon in agricultural products i.e. the carbon in meat, milk grain etc • Soil carbon • Land use change 1
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1. Introduction The proposed Climate Change Bill of Scotland suggests setting very ambitious targets for reducing Scottish GHG emissions (see Box 1.1). Achieving such targets will entail significant mitigation effort across the whole spectrum of society and the economy, including in agriculture. However, identifying the appropriate target and mitigation activities for agriculture requires an understanding of both the current contribution of farming to overall GHG exchange and the scope for cost-effective reductions in emissions (ACCSG 2008). Without an agreed method for measuring agricultural GHG exchange, there is a risk that agricultural mitigation effort will be misdirected and/or be unnecessarily costly for both individual farmers and Scotland as a whole and reduce the engagement of the farming community so reducing its effectiveness. Sound policy requires robust scientific reporting of GHG exchange at the farm scale in order to identify the most appropriate policy instrument (Figure 1.1) Box 1.1 Definition of greenhouse gases Gases that trap heat in the atmosphere are often called greenhouse gases - GHGs. The three main GHGs associated with agriculture are • Carbon dioxide (CO2) • Methane (CH4) • Nitrous oxide (N2O) The current target is to reduce GHG emissions by 80% by 2050



The aim of this document is to inform, stimulate, and foster discussion on calculating the carbon foot print of farms. In this report we examine the implications of calculating the carbon footprint in different ways e.g. the inclusion or otherwise of off-farm carbon costs in exported products in terms of the total emissions and how this might influence the farm GHG account. We further consider the issue of the full carbon cycle in agricultural produce such as whether a farmer could be credited with carbon fixed in the current years growing crop to offset the negative effect of for example nitrous oxide emitted from soil when fertilisers are used



We also consider embedded-carbon and the merits of recognising the carbon cascade through the food chain in terms of GHG reduction policy making i.e. should farmers be allowed to offset the negative GHG emissions from their business by including the carbon locked in farm produce which is exported from the farm? We consider methods to estimate soil carbon changes in agricultural soils and suggest practical solutions to providing such data. We also examine issues surrounding estimates of GHG exchange associated with land use change and the implications for policy.
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Figure 1.1 Relationship between national and international policy and the policy instruments available to governments .



This document aims to highlight and discuss these issues and invites interested stakeholders to contribute further to knowledge generation and exchange on GHG emissions and sequestration in order to provide the best evidence for use in making agricultural policy (see Box 1.2) Box1.2 Policy options related to agriculture and reduction of GHG emissions The spectrum of policy options to address agricultural GHG emissions is extremely wide. In some cases, reducing emissions can be achieved at no or even negative cost, so-called win-win solutions that reduce emissions and improve farm profitability through the adoption of best management practices. Such cases might be targeted simply through the provision of information. For example, more comprehensive and consistent technical and business advice offered to raise awareness of issues and of technical and management solutions. However, lowering emissions will generally incur additional cost or income forgone for farmers. In such cases, they may have to be obliged to adopt certain farm practices through regulatory controls supported by penalties. For example, prohibition on some changes in land use or controls on the timing and intensity of field operations. Alternatively, incentives could be offered in the form of on-going payments for emission reductions and/or assistance with capital investment. For example, some agri-environment schemes are now targeted at GHG emissions and grants for energy efficiency and better waste management are available. Measurement is important to all three types of policy tool. If net emissions have been over-estimated, regulatory controls will force farmers to bear unnecessary adjustment costs and the GHG emission savings will be less than anticipated. Equally, if 4



measurement techniques take insufficient account of environmental context and actual farm management, farmers may receive insufficient credit for reducing emissions, leading to reduced rewards under possible payment schemes. Of course, conversely, more accurate measurement may also suggest that tighter regulatory controls or less generous payment schemes would be justified. In all cases, improved measurement underpins achieving both fair treatment for farming and cost-effective outcomes for society.
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2. Methodologies to estimate GHG emission from farms In order to manage a system it is necessary to measure the components you want to manage. GHGs can be measured directly in the soil-plant-animal components of a farm or unit of land (Smith et al., 2008a, 2008b) but this is impractical and expensive to do at more than few sites. Consequently in the early 1990s indirect methods to estimate changes in GHGs due to agricultural activities were developed, so that national GHG emissions inventories could be compiled. It was necessary that these methods used simple, readily available data (such as animal numbers, fertiliser additions) to calculate the emissions, since they were to be used all over the world to meet United Nations Framework Convention on Climate Change (UNFCCC) reporting requirements. The IPCC (See Box 2.1) was charged with this task and in 1997 published the “1996 Revised Guidelines for National Greenhouse Gas Inventories” (IPCC, 1997). Box 2.1 The Intergovernmental Panel on Climate Change (IPCC) is a scientific body tasked to evaluate the risk of climate change caused by human activity. The panel was established in 1988 by the World Meteorological Organization (WMO) and the United Nations Environment Programme (UNEP), two organizations of the United Nations.



For agriculture, this provided methods to account for non-CO2 GHG emissions (N2O and CH4), and in a separate section (on land use, land-use change and forestry; LULUCF), to account for CO2 emissions resulting from loss (or gains) in soil organic carbon (SOC).



The non-CO2 GHG emissions are calculated using emission factors (EFs) based on such factors as the amount of nitrogen fertiliser applied, or the number of livestock of different categories kept on farms. The estimates of soil organic matter to CO2 ratios were based on changes in land use and changes in intensity of management and tillage, broken down by five soil categories (IPCC, 1997). The methods provide the default Tier 1 approach described above, but also allow countries to develop either their own country / region specific emission factors (termed Tier 2 approach), or to use more complex systems (such as spatially disaggregated ecosystem models) to calculate fluxes (termed Tier 3 method). It was widely recognised that the IPCC guidelines provided the best, widely applicable default methodology and, as such, were suitable for global use in compiling national greenhouse gas inventories. The guidelines may also be of use in more narrowly-defined project based estimates, although it is noted they should be used with caution to ensure they correctly include just the emissions and removals from within the system boundaries (Figure 2.2).
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After IPCC 2006 Volume 4 Chapter 1



Figure 2.2 Schematic representation of the main greenhouse gas sources and removals from the atmosphere in managed agricultural ecosystems In order to compare across systems producing more than one GHG, a method to calculate the so-called global warming potential of each greenhouse gas was developed. Essentially all GHGs are compared in terms of equivalents to CO2 (See Box 2.2). Box 2.2 The concept of a global warming potential (GWP) was developed to compare the ability of each greenhouse gas to trap heat in the atmosphere relative to another gas. The definition of a GWP for a particular greenhouse gas is the ratio of heat trapped by one unit mass of the greenhouse gas to that of one unit mass of CO2 over a specified time period. The GWP for the three main GHGs associated with farming over a 100 year time span are: CO2 = GWP 1



CH4 = GWP 25



N2O = GWP 298



Put simply the emissions of CH4 are multiplied by 25 are expressed as CO2 equivalents. Sometimes it is desirable to express GHG emissions as carbon equivalents i.e. multiply CO2 equivalents by 0.273 to convert into carbon equivalents (Ceq).
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When applying these methods at small spatial scales (e.g. individual farms) the fragmented nature of agriculture units is a major problem. Agricultural greenhouse gas sources and sinks occur across the whole agricultural landscape and that, along with the technical difficulties of measurement, has hampered comprehensive monitoring. Consequently, most studies have made use of models and estimates based on nationally available average data (see Box 2.3). Box 2.3 Modelling the GHG emissions from standardised farms to investigate management options The whole-farm model, FarmGHG, was designed to allow quantification of management practices and mitigation options on GHG emissions. The model provides assessments of emissions from both the production unit and the pre-chains. However, the model does not quantify changes in soil C storage (Olsen et al 2006). 18



M gC O 2-eqha-1year-1



16 14 12 Mixed



10



Grass 8



Maize



6 4 2 0 co2



CH4



Basic characteristics of three model dairy farms each 50 ha Farm 1 Crop rotation Mixed Manure type Slurry Milk (kg cow-1year-1) 7000 Herd size cows/young stock) 73/76 LU (ha_1)b 2.7 Livestock manure (kg N ha-1 year-1)c 217 Grazingd D Grazing/summer feeding (days) 180 Fresh grass (%)e,f 30 Forage crops (%)g,f 42 Maize silage (%)f 28 Grain crops (%)f 0 Total net yield (t DM year_1)h 382



N2O



Farm 2 Grass Slurry 7000 73/76 2.7 214 DN 180 40 60 0 0 365



Total CO2 eq



Farm 3 Maize Slurry 7000 73/76 2.7 224 DN 180 40 10 50 0 416



a FYM is the separate system with both solid and liquid manure. b Livestock units, one dairy cow is 1.2 LU and 1 heifer is 0.6 LU. c Including manure deposited by cattle on grazed areas. d DN is day and night time grazing, D is daytime grazing, (–) indicates no grazing. e Grazing or fresh feed inside. f Crop area in percent of farm area. g Grass, clover and grain crops for silage; alfalfa for hay. h DM losses in grazing, silage making and harvesting have been taken into account.
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The varied nature of Scottish farms means that policy based on average data may not be the most appropriate approach. For example, environmental conditions can vary enormously in terms of soil characteristics, topography and micro-climate. Identical activities, consequently, can generate different emission profiles at different locations. Similarly, for a given activity, management can vary in terms of, for example, livestock breeds, cultivar types or intensity of nutrient application – all of which may generate different emission profiles from identical environmental conditions. (Yan et al., 2000; Silgram et al., 2001; Lovett & O’Mara, 2002; Casey & Holden, 2005; Kebreab, 2006; Olesen et al., 2006). Using average emission factors as implemented within IPCC methodology provides a robust system applicable globally with sufficent detail to incorporate specific country variations, providing a good basic system to underpin more detailled local estimates when data are available. Recently published web based GHG accounting tools for agriculture, based heavily on the well-established methods of IPCC (e.g. CPLAN at www.cplan.org.uk, CALM www.cla.org.uk), now enable simple direct GHG accounting by land managers. Both tools use extensions of the basic IPCC methods and a study of greenhouse gases on a Scottish mixed farm compared the CPLAN v1 model with the much used DNDCv9.1 model (Li et al 1992, Saggar, et al. 2004; Li et al. 2006). The estimates from CPLAN using simple Tier 1 IPCC emission factors modified for UK farming conditions gave robust estimates of farm scale GHG exchange which were at least as good as using the more complex model with the data provided (Rees et al. 2008).
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3. Boundary issues What should be included when we calculate the GHG emissions from a farm? The calculations of GHG can be retained within the strict geographical boundary of the farm or alternatively encompass what happens to inputs and outputs before and after entering or leaving the farm. These “boundaries” can make a big difference to the calculations so it is important to be clear about what they are. There is currently no standard international agreed methodology reporting what factors should be attributable to producers in one sector and which to other suppliers and consumers (Figure 3.1). Consequently it is complicated to compare across studies and formulation of evidence-based policy is extremely difficult.



Figure 3.1. Emissions by sources and removals by sinks of atmospheric greenhouse gases associated with agricultural businesses categorised as indirect i.e. associated with imported goods and services; direct on farm emissions; and consequential i.e. carbon embedded in products leaving the farm. For policies aimed at operations on the farm it could be argued that only direct emissions and sequestration of GHGs within the farm boundary should be included when reporting the GHG budget. A major advantage of limiting GHG inventories to within a farm business is the ability to identify how policy can be targeted directly at encouraging reductions by the farmers on an individual farm basis for the emissions over which the farmer has direct control. Alternatively, some studies estimate all of the GHG exchange associated with the product throughout its life cycle – or, possibly when this proved difficult, have taken only some parts of the associated GHG exchange. For example, Casey and Holden (2006) report between 5-10% of the total GHG emissions from five
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suckler-beef units in Ireland was attributed to the growing and transporting of imported concentrated feeding (Box 3.1). Box 3.1 Total GHG budget for 5 Irish suckler-beef farms including indirect emissions Casey and Holden (2006) report the GHG emissions from five (A-E) conventional suckler-beef units in Ireland. Their study included: • emissions associated with the individual ingredients of the concentrate feed production, transport, and processing; • emissions associated with N fertilizer production, transportation, and application; • emissions associated with livestock and related manure management • emissions associated with electricity used, and diesel fuel for agricultural operations (e.g., fertilizer application, manure application, and forage production). Farm size (ha) Number cows One year old males One year old females Two year old males Two year old females Cows culled per year Males sold Females sold excluding cows Fertilizers, kg N ha-1 Concentrates fed per animal, kg, males Concentrates fed per animal, kg, females Avg. age males, days (at time of sale) Avg. age females, days (at time of sale) Avg. weight male, kg (at time of sale) Avg. weight female, kg (at time of sale) Avg. weight culled cows, kg (at time of sale) Avg. live weight, kg ha-1 Days at grass, cows Days housed, cows Days at grass, males and females, Year 1 Days housed, males and females, Year 1 Days at grass, males Year 2 Days housed, males, Year 2 Days at grass, females Year 2 Days housed, females, Year 2 Total CO2 eq (tonnes)



A 66 55 25 25 25 25 4 25 21 110 545 520 730 580 620 510



B 62 37 18 18 18 18 4 18 14 96 500 450 730 595 660 540



C 175 160 75 75 75 75 16 75 59 105 550 410 730 595 620 510



D 56 38 17 17 17 17 3 17 14 95 960 760 730 590 630 550



E 71 55 26 26 26 26 5 26 21 105 880 680 730 585 630 520



550 431 245 120 265 100 225 140 215 0 379



600 355 215 150 265 100 245 120 230 0 280.5



550 487 245 120 265 100 245 120 230 0 1073.5



550 365 240 125 245 120 240 125 225 0 270



550 422 270 95 260 105 240 125 220 0 387.5
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Percentage contribution of the main emission components from 5 Irish suckler-beef farms. Importation of concentrate feed contributes between 5-15% of farm GHG emissions – the equivalent to the emissions associated with manure management.



E



This proportion is quite significant, as it is equivalent to the total emissions from the manure management systems on the farms studied, so the decision on its inclusion or exclusion from the farm budget is important. The life cycle approach is difficult to fully implement for a farming system, because life cycle analysis tends to focus on a single product and to include only the readily estimable components of the life cycle. Therefore it is often not directly applicable to most Scottish farming systems which produce many products. An alternative choice is not to follow the product but to follow the carbon (and nitrogen) through the system, so generating a carbon cascade, but this becomes a much more complex study with many currently unquantified processes. The simpler approach therefore is to attribute the GHG emissions within business boundaries; so in the example cited in Box 3.1 the farmer which grew the crops in the concentrate feed would be liable for the GHG exchange associated with that crop not the farmer who bought the crop. This ’farm gate’ approach will encourage best practice during each step in the production cycle and enable formulation of sound evidence-based policy at the farm scale.
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4. Cyclic carbon within farm unit In addition to considering GHG accounting to within the farm gate it is important to note that the emissions reported by Casey & Holden 2006 from the suckler-beef units are gross values (see Box 3.1). The enteric fermentation was fuelled by concentrate feeds and grasses which themselves are produced from CO2 which is removed from the atmosphere by plant photosynthesis (cyclic CO2). We suggest that at the farm level this cyclic CO2 could also be included as a credit in the net calculations of GHG emissions. Box 4.1 Total GHG budget for a livestock upland farm in the Cairngorm National Park calculated using CPLANv1 model (www.cplan.org.uk). Data provided by Booth (2006) Input data Energy and fuel (unit) Grid electricity (kWh) Gas Oil – agricultural (litres) Diesel (litres) Petrol (litres) Total energy Beef herd Cows Other cattle 1-2 years Other cattle < 1year Total cattle Breeding sheep Ewes Other sheep (< 1 year lifetime) Lambs Total sheep Crop residues Barley (tonnes) Fertiliser (tonnes) Farm total



CO2 eq (tonnes)



Ceq (tonnes)



13100



5.7



1.6



9750 2760 400



160.4 7.3 0.9 174.3



43.7 2.0 0.3 47.5



72 15 65 152



152.4 30.2 69.2 251.8



41.6 8.2 18.9 68.7



650



217.4



59.3



155 1200 2005



51.8 155.1 424.3



14.1 42.3 115.7



116 55



10.5 121.8 982.7



2.9 33.2 268.0



The farmer grew grass and barley - IPCC Tier I methodology does not provide factors to estimate the cyclic carbon captured by the grass or grain, but by estimating the carbon content of the reported grain yield it is possible to estimate the carbon offset which may be assigned to the farm. The farm grew 116 tonnes of barley which assuming harvest moisture content of 15% and a carbon content of 45% equates to 43.3 tonnes of carbon removed from the atmosphere. This approximates to the GHG emissions attributed to the cows (dung
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management and enteric fermentation i.e. 41.6 tonnes C eq) on the farm and is 16% of the total GHG emissions produced by the farm. With this method of calculating farm scale GHG budgets, cyclic CO2 in the cereal crop alone would have offset 16% of the total farm GHG budget. If agreed methodology was available to estimate the contribution of grass the GHG account for the farm would fall even further. Similarly the carbon captured in grain on an arable unit can be estimated (Table 4.1). The data is presented in carbon equivalent units because this simplifies the calculations (see Box 2.2). The farmer grew 1304 tonnes of crops and assuming a 15% moisture content and 45% carbon content this equates to 499 tones of carbon. Including the GHG emissions due to fuel use, fertiliser application and emissions resulting from the crop residue remaining in the field, the farm emitted a total of 245 tonnes Ceq. This farm with the cropping regime shown therefore is carbon positive even without considering the carbon stored in the roots (see chapter 6). Table 4.1 GHG budget of an east coast 350 ha arable farm in Scotland calculated using CPLANv1 model (www.cplan.org.uk). Fuel/Energy Avg annual usage Grid Eletricity 17973 Gas Oil 45700 Diesel 2300



Units kWh litres litres Total



Fertiliser Inorganic



Avg annual usage Units 281 tonnes Total



Crop residue Wheat, Oats Barley OSR



Avg annual yield 242 936 126



Units tonnes tonnes tonnes Total



Tonnes Total Ceq 2.11 33.53 1.65 37.29



Tonnes Lower estimate Upper estimate 1.89 2.32 30.14 36.91 1.48 1.82



Tonnes Total Ceq 176.54 176.54



Tonnes Lower estimate Upper estimate 8.85 885.46



Tonnes Total Ceq 6.7 23.92 0.34 30.96



Tonnes Lower estimate Upper estimate 0.34 33.61 1.2 119.98 0.02 1.72



245 t Ceq 499 t Ceq



Data provided by SOAS and Scottish Machinery Rings Project .



IPCC 2006 recognises that perennial woody vegetation in orchards, vineyards, and agroforestry systems can store significant carbon in what they term long-lived biomass. The amount stored depends on species type and cultivar, density, growth rates, and harvesting and pruning practices. The dichotomy of crediting one form of carbon sequestration above others is justified at the national level because of the temporal and spatial distinction but is, we believe, not credible at the local level. The cereal farmer is correctly liable for the nitrous oxide emission associated with the production of each ton of cereal produced yet is not credited with the carbon which is sequestrated in the grain; but the beef farmer who buys the cereal and feeds it to his cattle is liable for the loss of 14



the carbon through methane production. This could be argued to be double accounting at the farm unit. Mixed land uses on farmland could offset GHG produced in production systems within the farm. For example Rees et al. 2008 report that 112 ha of grazed woodland was sufficient to offset all the GHG emissions on a 249 ha livestock farm with 300 cattle and 350 overwintering sheep. Booth (2006) reported the GHG budget for seven mixed upland farms which had between 0.2-18% of their farm in woodland (Box 4.2). The reduction in the percentage contribution of the woodland to the GHG budget varied substantially depending on the exact management of the land, but between 5% and 113% of the total GHG emissions from the farms could be offset by the woodland. Box 4.2



% contribution of forestry to total CO2 eq



Percentage contribution of woodland to the total GHG budget of seven mixed upland farms. 120 100 80 60 40 20 0 0
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For cyclic carbon, the choice of time-period and spatial scale over which the cycle is measured is crucial when developing policy. Currently most agricultural reporting is annual. Expansion of the IPCC approach explained in Chapter 2 to account for cyclic carbon on farm would allow verifiable individual farm accounts to be prepared.
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Alternatively an industry-wide approach may be preferable, perhaps removing many current agricultural activities from immediate policy scrutiny but throwing greater attention onto improved management and new technologies or activities that would increase net removals. For instruments such as agri-environment measures, acknowledging linkages between different agricultural activities might suggest adopting measures supporting appropriate farming systems rather than individual activities.
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5. Embedded Carbon in agricultural products What happens to the carbon which leaves the farm stored in farm produce like milk, meat, eggs and cereal? The example in Table 4.2 shows that the 1304 tonnes of grain was exported from the farm which contained 499 tones of carbon i.e. embedded carbon. There is no agreed methodology to account for this embedded carbon at a national scale. Currently IPCC 2006 methodology requires countries to report national annual figures so they discount sinks which they consider ephemeral i.e. for annual crops, increase in biomass stocks in a single year is assumed equal to biomass losses from harvest and mortality in that same year at a national level- thus there are no guidelines to estimate net accumulation of biomass carbon stocks for annual cereal crops for example.



Figure 4.1 Farm produce leaving the farm all contain carbon which has been removed from the atmosphere At present IPCC 2006 i.e. embedded carbon. guidelines recommend not including CO2 emissions from livestock because annual net CO2 emissions are assumed to be zero i.e. the CO2 photosynthesized by plants is returned to the atmosphere as respired CO2. This is clearly a gross simplification at the farm level as stock would never grow, thus the beef, sheep, pig and dairy farmers would have no product to sell. Including embedded carbon in the calculation would obviously lead to accounting the carbon cascade down the food chain. For embedded carbon, ultimately the end consumer becomes identified with net emissions over the supply-chain meaning that reducing emissions requires either the use of carbon taxes or some form of carbon quotas to discourage consumption of carbon-intensive products. Presently neither is viewed as technically feasible, but both remain of political interest.
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6. Soil carbon A further aspect of crop fixed carbon is that plants export a significant proportion of the fixed C belowground through their root systems and when crops are harvested stems and roots are incorporated into the soil where differing proportions are decomposed over short and long time scales. Depending on the balance of gains (photosynthate) and losses (decomposition) soil can be a net sink of carbon and soils can accumulate C over long periods of time. Accumulation of C usually occurs when decomposition is low and in Scotland cool temperatures and wet soils have low decomposition rates such that Scottish soils have significantly higher soil C levels than the rest of the UK. The highest net accumulation occurs in the north and wet west where significant reserves of peat have accumulated over 1000s of years (Figure 6.1).
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Information from the national soils inventory of Scotland (NSIS) and Scottish Soils Knowledge and Information Base (SSKIB) shows a clear distinction between the amount of C in mineral soils that are cultivated and the ‘organic’ soils that are not (figure 6.2). The left hand peak (organic carbon content between 2.5 and 5%) represents the bulk of the cultivated agricultural soils in Scotland whilst the peak between 52.5 and 57.5% represents many of the uncultivated soils with heather moorland or rough grassland. However, even compared with similar soils in England and Wales, the cultivated soils in Scotland have greater levels of organic carbon (Bradley et al., 2005). Figure 6.2. The frequency distribution of carbon content in the uppermost horizon of the soils sampled at 721 sites on the10 km grid National Soils Inventory Scotland



Dividing our soils into organic and mineral however misses many important differences. Because of its diverse geology, topography, climate and land use, Scotland possesses a wide variety of different soil types. These differences can be seen at both national, broad scale regional differences and even in local, small areas can be quite marked. Although the terminology used in soil classification can be difficult to understand for many land use practitioners, it does allow a scientific assessment of Scotland’s soil resource and can be easily translated in to less scientific language that allows us to associate typical C values to different soil types. Figure 6.3. Principal Soil Types in Scotland.
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The distribution of the principal soil groups in Scotland is shown in Figure 6.3. Because the maritime climate is predominantly cool and wet and the rocks are generally resistant to weathering, Scottish soils are in general more organic, more leached and wetter than the soils in most other European countries. Scotland contains large proportions of soils with an organic rich layer overlying bleached mineral horizons (podzols) which account for 23.7% of the land area. Scotland also has a greater proportion of peat soils (histosols, 22.5%) and poorly drained soils (gleys 20.6%) than Europe as a whole. Agricultural areas are associated mainly with mineral soils such as the mineral gleys and brown earths which are highly productive. Some soils that are excellent for certain high value crops because they are freely drained sandy soils contain low amounts of organic matter (carbon). Soils in Scotland have been mapped at a variety of scales from 1:250 000 which covers the whole country to the more detailed 1:25 000 scale maps which are available primarily for the cultivated land which covers about 25% of the land area (Figure 2). Figure 6.4.Distribution of digitalised 1:25 000 scale soil maps: Associated with the maps are soil samples and analytical data of the amount of soil C (among many other properties). The Macaulay Institute hosts the National Soils Archive of Scotland comprising over 40 000 soil samples taken over a 70 year period. One of the key datasets that is currently being used to assess if there has been any changes in the carbon content of Scottish soils is the National Soil Inventory of Scotland (NSIS). This grid based sampling scheme is currently being re-sampled after an approximate 25 year gap to assess any changes and test methods for monitoring soil carbon contents. As well as the systematic samples other soil mapping programmes have data and together these have been organised into dataset known as SSKIB (Scottish Soils Knowledge and Information Base). This dataset can be used to provide an overview of topsoil organic carbon contents from throughout Scotland and allow users to compare on-farm measures of soil attributes with national averages. Information from the Scottish Soils database suggests that the average carbon content of arable soils in Scotland is around 3.6% which rises where grassland is a component of the arable rotation or where the soil is predominantly under grassland (~5%). It is well known that, cultivation of grassland reduces organic carbon contents. However, these crude averages hide a great deal of variability with minimum values recorded on cultivated land of less than 1% carbon (on sandy soils) and maximum values of over 13% (on a poorly drained gley soil). In general, wetter soils tend to have greater
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concentrations of organic carbon that free draining soils because water logging reduces decomposition of the organic matter. Even within individual soil types, the soil carbon content can vary considerably and this means there may scope within some farms to increase soil organic C more than it currently is. This suggests that soils at the lower end of the spectrum could be managed in a way that increases their C content and this is potentially a valuable way farmers could offset GHG. Part of the current NSIS resampling programme is designed to assess variability in soil carbon contents. It is possible using this data to calculate the potential of Scotland’s soils for ‘Carbon gain’ and also identify which soils are most vulnerable to C loss. How can we estimate of on-farm carbon stocks? Given the inherent variability in soil carbon contents any on-farm estimates of soil C will have significant un-certainty unless specific field soil analysis is conducted. However it is possible to use the existing soils information to derive on-farm estimates of the likely amounts of carbon stored within the soil by linking existing 1:25 000 or 1:250 000 scale soil maps with the SSKIB summary data. By identifying the soil types to be found on the land from the soil maps (Figure 6.5) a look-up table will give average carbon concentrations of the topsoils. In some cases subsoils can also hold considerable amounts of carbon. Using an estimated soil density for each soil type and the area of the soil type the likely on-farm carbon stocks can be calculated. Alternatively, maps of topsoil carbon content (Figure 6.6) can be produced which negates the need to identify soil types. Ways to provide this information to farmers and their advisors are currently being developed and will require consultation with key stakeholders to find the best ways of delivering the information to different interested parties. A prototype web-based interface that allows users to interact with digital maps to identify their locality and soil types or, potentially accessing the information via a postcode has been developed to do this. Figure 6.5: Farm scale soil map



Figure 6.6: Farm scale topsoil carbon contents
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Figure 6.7 a) Screenshot of web-interface providing summary information of national averages of soil C for a given soil type. b) aerial photo with soil map boundaries overlaid to help selection of farm soil type. Soil organic matter is recognised as a vital component of soils and a number of advisory documents such as the PEPFAA code and the Farm Soils Plan provide practical measures to help maintain soil organic matter levels in cultivated agricultural soils. Until the arrival of the GAEC requirements within the cross-compliance measures that form part of the reform of the Common Agricultural Policy, there was no formal or legislative requirement on farmers to manage their soils with the specific objective of maintaining organic carbon levels. This development represents a significant shift in policy; in addition to maintaining soils in good condition for biomass production, farmers are also required to maintain the carbon stocks within the soil for environmental functions. The choice of future policy tools depends partly on where "property rights" are assumed to lie. That is, do farmers have the right to do as they please with respect to land management that has consequences for net carbon emissions, or does society hold the over-riding rights? For the former, farmers would be rewarded for avoiding emissions from carbon stores (e.g. for not ploughing grassland) and enhancing sequestration (e.g. by restoring soils), but if society holds the rights then regulation would be used to prohibit the damaging of carbon stores and requiring the creation of new ones. Regulation also tends to be used where farm-specific measurement and monitoring is difficult or expensive, an analogy being the use of NVZs. In conclusion GHG emissions and C footprints for farms could be more fully informed by consideration of the farm soil C status and national policies and farm directed policies could take these factors into consideration to bring about practices that make a positive difference to help mitigate climate change.
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7. Landuse change



What about when a farmer changes the use of his land for example ploughing grass land to grow cereals for biofuels? Changes in land use have a very long term influence on GHG emissions. The soil type and cultivation practise affects the amount of carbon stored in soils (Table 7.1), and when the land use changes there is a period of release or capture of CO2 (Figure 7.1). This transfer period is relatively fast (between 50 and 150 years) for losses of carbon, but slower (between 300 and 750 years) for carbon accumulation.



Forestland Cropland Grassland Settlement



Soil depth 0-30cm Organic Organomineral Mineral 22.3 23.7 25.1 22.6 13.9 12.1 22.3 22.7 18.8 11.3 7.8 7.3



Other All 4.7 22.6 3.6 12.2 3.6 20.2 1.5 7.2



Forestland Cropland Grassland Settlement



Soil depth 30-100 cm Organic Organomineral Mineral 50 11.8 9 55.2 4.2 3.3 51.2 8.7 5.8 28 2.5 2.3



Other All 3.3 20.2 1.2 3.7 2.6 18.4 0.5 2.3



Table 7.1 Soil carbon densities (kg m-2) in Scotland under the IPCC land categories (from UK NIR 2007, Table 1-18)



Figure 7.1 Changing land use on a farm can significantly alter the carbon content 23



Land use change however is considered over a long time period. For example, cropland which has always been cropland over the last 150 years emits less CO2 according to the current models than cropland which was recently converted from grassland or forest.



Carbon stock (kt C / ha)



Calculating the change in carbon content of soils associated with land use change is complex. A very simplified example illustrates what is happening with land use changes between Grassland and Cropland (Fig 7.2). There is a relatively rapid loss of soil carbon in the earlier years with the change from Grassland to Cropland but a much slower accumulation of carbon with the Cropland to Grassland change. Over the 60 year period (from 1950 to 2010) using this model these two changes do not balance, so a land use change to cropland will lose 230 kt CO2 eq over the 60 years but the reverse change only gains 120 kt CO2 eq. So a change to cropland some years ago still leaves the current agricultural industry with a net loss of carbon which management cannot reverse within the next 100 years. The Scottish Government Illustration of Land Use change has indicated that it will use between Grassland and Cropland a baseline year of 1990 for assessing climate change 200 mitigation. With most sectors e.g. energy the 150 annual CO2 emissions is largely dependent on 100 current management Grass to Crop activity. Crop to Grass



50



0 0



50



100



150



Years since change



Figure 7.2 Change in carbon stock for 1 ha over 60 years for the top 30cm of mineral soil using equilibrium values of 12.1 kg m-2 for cropland and 18.8 kg m-2 for grassland with 100 year transition for carbon loss and 400 year transition for carbon gain



Therefore • for land use change, the modelled baseline of 1990 is a composite of changes over the previous 40 years • there is little that can be done by the agricultural industry to reverse carbon emissions related to the change to cropland in the 1970s and 1980s following Government policy at the time • land use change emission or sequestration cannot be changed quickly by altering management practice The current land use change emissions are a greater reflection of historical government policy than current management practice.
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The emissions associated with land use change are very uncertain, they are largely historical, and there is little that current policy can deliver in the short to medium term that will significantly affect this element of modelled greenhouse gas exchange.
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8 Conclusion



The IPCC methods provide a basis for estimating emissions and capture of greenhouse gases, but they were developed for a specific inventory situation using statistics at a national level and so are not entirely appropriate for use at the local or regional scale with detailed information more typical of the agricultural industry. The IPCC approach can be extended or reformulated to be more suitable for developing national agricultural policy while still allowing harmonisation between national and international data requirements. The developments should consider: the boundaries of the system the farm gate provides a useful and clearly defined boundary for individual farm greenhouse gas exchange, and encourages responsible stewardship within the control of the business, which the life cycle approach does not so directly achieve local environmental conditions and management practices the national average approach can if required be tailored to give estimates of greenhouse gas exchange at a local scale which account for the related aspects of actual management practice and local environmental conditions. accounting for all processes within the boundaries while it may be justifiable to ignore many carbon flows at a national scale, the recognition at the farm scale of all the relevant processes, such as transfers of carbon in grain, are necessary for a full understanding of the system and the mitigation potential, and should reduce the risk of policy initiatives being counterproductive environmental responsibility and accountability with natural carbon storage in soils, forestry, etc., the time span for any change in the system is long, and so our current estimates of greenhouse gas exchange are related to previous policy determined at national and international levels; there is potential for mitigation over longer time periods but this must be put in balance with other drivers such as the requirement to produce food – a holistic approach is required and new initiatives should not penalise an industry for its adherence to policy initiatives many years ago; therefore in discussing greenhouse gas exchange, we must separate out the processes from those which have short and long term effects and those which business and government can and cannot control. In conclusion it is important to remember from a policy perspective, whilst improved estimation of the relative importance of different sources of emissions is clearly necessary, it is equally important to focus on what can be done to reduce them. That is, it is not the magnitude of net emissions from an activity or a sector that matters so much as the scope for reducing the level of emissions in a cost-effective manner. In some cases, savings may be made relatively easily at minimal (or even no) cost. In other cases, savings may be prohibitively expensive. Thus improving measurement of farm scale emissions should be accompanied by attempts to also improve understanding of the costs of mitigation.
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