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Terms of Reference

This report forms the technical ddliverable “Economic Assesamnent of Countermeasures’ as part of
the requirements of Work Padages 5 and 6 of the CESER project (Courtermeasures —
Environmental and Socio-Econamic Responses).

The CESER Project is co-funded by the European Union's Fourth Framework, Nuclea Fission
Safety Programme (DGXII). The main institutions participating in this project are the University of
Stirling (UK), University of Bremen (Germany), Finnish Environment Institute (Finland), Nord-
Trenddag College (Norway) and University of Salzburg (Austria). The project runs from January
1997 wntil June 1990.

The overal aim of the project is the development of a decision support system to aid the long-term
management of radioactively contaminated agricultural land. This is intended to help decision
makers in seleding the most appropriate muntermeasures for their specific drcumstances by
applying environmental, econamic and socia criteria alongside those of radiologicd effectiveness
and practicability. To achieve this, the work programme is gructured into the following objectives:

1. To identify the most significant environmental and agricultural impads arising from
application d countermeasures designed to reduce soil-plant-animal transfer of radionuclides.

2. To quantify through modelling, experiments and expert judgement the degree ad duation of
these environmental and agricultural impads.

3. To evauate the combined impads of countermeasures including differential responses of
radiocaesium and radiostrontium under different food poduction systems.

4. To predict the spatia patterns of side-effeds on a regional and nationa basis through
utilisation d geographica information systems and classify geographical areas according to
their suitability for countermeasures.

5. To identify and assess consumer attitudes towards contaminated food products, the use of
courtermeasures in food production and their willingnessto pay to avoid damages.

6. To compare the direct and indirect costs and kenefits of countermeasures related to changes in
emnamic output, environmental quality and human hedth.

7. To provide adecision support padkage, which can be used as a regional and national planning
tod in the long-term evaluation of countermeasure suitability of land, incorporating bath
environmental and socio-econamic impads.

Thistedhnical deliverable specifically addresses objectives 6 and 7of the work programme.
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1. Introduction

Acddenta releases of radioadivity into the environment can cause long-term contamination in
agricultural food production systems. However, successful remediation may all ow food production
to continue. Decision makers have awide choice of countermeasures that aim to reduce soil -plant-
animal transfers of radionuclides. Criteria commonly applied in seleding countermeasures are
radiological effectiveness, cost and practicability. Little consideration has been given to the risk of
negative dfects of remediation on the essentia functions of ecosystems and agricultura
productivity. To addressthis, the CESER project is seeking to quantify the potential environmental
and agricultural impads of countermeasures and to value these in ecnomic terms. The work is
focused on countermeasures applied in land-based food poduction systems contaminated with
radiocaesium and radiostrontium.

Courtermeasures are likely to generate a variety of costs, which may fall on the farmers and land
managers, bu may also fal on society. Social costs would arise from any adverse impads on the
environment or on farm profitability. To quantify these impads, estimates have to be obtained for:

» Costs to farmers/land managers due to losses in profits resulting from necessary changes in
their farming adivities;

* Environmental costs due to impads sich as water pollution, soil erosion, land wse change and
effeds on biodiversity.

Benefits of countermeasures include the value of the foodthat could otherwise not have been sold
for consumption. Little is known about consumer attitudes towards contaminated and treated foods
in this context. Related work carried out jointly by the Nord-Trandelag College, Norway and the
University of Stirling as part of the CESER project has sought to estimate the necessary price
reductions if treaed foods are to be sold to the public. These reductions clealy impad on the
magnitude of benefits. Alternatively, the benefits of countermeasures can be considered in terms of
reductionsin risk, andin lives saved/iliness averted.

The CESER project has developed a series of decision-aiding tools that can be used to assessthe
suitability of different courtermeasures by applying environmental, econamic and social criteria.
The ‘Econamic Assesament’ presented here, was intended as a separate cmporent within Work
Padkage 6. It is a significant achievement beyond the original work programme that some of the
emnamic impads of countermeasures have been integrated into the expert/dedsion support system
(CeserDS9. This ftware package dlows the asessment of countermeasure suitability for arange
of Scottish farm types in relation to agricultural and environmental conditions. An econamic
assesament tool was added to the software based on the methodol ogy presented in thisreport.

The general methodology of cost-benefit analysisis explained in Chapter 2. Chapter 3 discusss the
collection of data for private asts to the Scottish farmer and for environmental costs (excluding
landscape qudity). Chapter 4 reports the results of the cntingent valuation study undertaken to
estimate landscape dhange wsts and Chapter 5 kriefly discusses benefit estimation. Chapter 6
shows how these econamic cost and benefit estimates are incorporated into the Dedsion Support
System. Chapter 7 summarises the work in terms of strengths, weaknesses and opportunities.

Figure 1 illustrates how the econamic assessment of courtermeasures is embedded in the overall
structure of the CESER project.

30July 1999 2
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2. The Methodological Basis: Cost-Benefit Analysis

There ae two main requirements to delivering the emnomic objedives of the project: (i) a
methoddogical basis, i.e. the Cost Benefit Analysis approach and (ii) data on kenefits and costs of
courtermeasures. Costs include onfarm costs met by the farmer and environmental costs, both on
and df-farm. Estimates for some of these ewvironmental costs can be obtained from the literature.
For landscape impads, origina estimates were derived using the @ntingent valuation approacd.
Two methods of measuring the benefits can be identified: (i) the value of production saved (that is,
avoided product wastage), and (ii) the value of avoided hedlth damages. With respect to (i),
alowance must be made for risk preferences on the part of consumers, as discussed in Grande
(1998). With regard to (ii), information is required on predicted savings in exposure and the
consequent reduction in risk to humans. Idedly, these reductions in expasure can be expressed in
monetary terms using Willi ngness to Pay estimates for reduced risk, gathered from other studies.

Cost-benefit analysis (CBA) is generally understood to refer to the gopraisal of projects or policies
from the perspective of society as awhole, rather than from the perspective of thase resporsible for
the dedsions on the project. Historically, CBA was widely used for project appraisa (see Hanley
and Spash 1994, Chapter 1), but has become increasingly used for padlicy appraisal too, in bah the
EU generally (Peace, 1998 andthe UK (Hanley, 1999. Since the 1970s, there has been a growing
tendency to incorporate the environmental impadas of policies and projects into CBA, through the
monetarisation of these impads as either benefits or costs. Improvements in the techniques used for
environmental valuation have facilitated this trend (Hanley and Spash, 1994).

There aefive stepsto atypical cost-benefit analysis (Common, 1988:

»  Project definition and identification.

» Complete enumeration of the consequences of going ahead with the projed.

» Aggregation over consegquences at each periodin the projed’s life to dbtain time series
for project costs and benefits.

* Aggregation d the costs and benefits over time to estimate the present net value of the
projed.

e Sensitivity analysis.

For countermeasures, changes in agricultural management adivity and associated environmental
changes were predicted as outputs from other parts of the projed. The econamist has to value these
changes in monetary terms and aggregate them into overal costs and benefits. Selected
courtermeasures can then be compared on socia cost-benefit grounds. Farm-level costs must be
estimated as part of the CBA exercise. These can be used to compare @muntermeasures in terms of
effeds on farm income. This forms an important part of the Dedsion Support System (see Chapter
5).

Table 1 lists the courtermeasures that are included in the CESER Decision Suppat System and for
which dired and indirect costs and benefits are required. A detailed description of each
courtermeasure is given in Appendix I.

30July 1999 4
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Table 1. Brief description of the muntermeasures considered in the CESER Dedsion
Support System.

Countermeasure Description

Feed AFCF Feed ammonium-iron-hexacyanoferrate to animals

Feed Calcium Feed Calcium to dairy cows daily

Feed clean roughage Animals fattened on uncontaminated roughage

Feda clean concentrate

Animals fattened on uncontaminated concentrate

Feed more mncentrate

Animals fed an increased diet of concentrate

Intensify pasture use

Intensify use of improved land

Improve pasture

Improve rough grassland by cultivation and seeding.

Sell animalsealy

Animals old after ealy weaning

Sell animals for fattening

Animals old for fattening elsewhere

Cease animal/crop production

Cease eisting production and leave land fallow

Deey plough Ploughto 50cm depth

Skim & burial Remove top 5cm of soil and place #50cm depth
K fertili zation Apply potassium fertiliser annually

Liming Apply limeto soil every 2 yeas

Changeto al seel rape

Convert arable production to spring oil seel rape

Cease hunting

Cease hunting (stalking) of dee

Afforestation

Cease aurrent pradice and convert to coniferous forest

Note: Within the Dedsion Suppart System certain combinations of these cuntermeasures are dso permitted.

3. Estimating Counter measure Costs

A thorough review of the literature was undertaken to locate information on costs of
countermeasures. Much of the data was restricted to direct costs for areas of the Former Soviet
Union most affected by the Chernobyl accident (e.g. Hubert, et al., 1996; Roed, et al., 1996;).
However, these msts cannat be directly transferred to Western Europe, given, for example, the
considerable differences in labour costs, productivity, commodity prices and available technology.
Published data on the direct costs of countermeasures is also dten aggregated in a way which
makes it difficult to identify individual cost elements (Strand et al., 1997). No specific literature on
the environmental costs of countermessures was available. However, it was possble to draw
parallels with ather human adivities giving rise to similar impads.

3.1.0n-farm Costs

For onfarm eff ects, two key pulications have provided most of the cost and benefit data used in
the econamic assessment of countermeasures. These ae: The Farm Management Handbodk
199899 (SAC, 198) and The Econamic Report on Scottish Agriculture 1998 (SOAEFD, 1998).
More detailed data relating to particular countermeasures was obtained through persona
discussions with Scottish Agriculture College alvisors and other experts. Table 2 shows five
examples of the types of variables and data sources used in the cdculation of on-farm costs for
different countermeasures. In the CeserDSS data for some of these variables has to be supplied by
the user.

30July 1999 5
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Table 2. Calculating farm level costs: Examples of variables and data sour ces.
(cm = courtermeasure, normal = normal management)

Countermeasure | Cost element Variables and Data Sources
Supply cacium daily | Cost of cacium Number of cows —input by user
to dairy cows Calcium fed per day (cm) — 500grammes

Calcium fed per day (normal) —input by user
Price of cacium - £25/tonne (pers. comm. Franzefoss
Bruk A/S)

Lime the soil (every
2yeas)

Cost of lime

Areaof application —input by user
Sprealing rate — 2tonne/ha
Priceof lime - £30/tonne (SOAEFD, 1998p13)

Contrador cost

Areaof applicaion —input by user
Work rate — £6/ha (SAC, 1998p305 based on 2t/ha)

Afforestation (e.g. on
livestock farms)

Loss of existing
margin

Number of animals—input by user
Margin per animal — varies by farm type (SAC, 1998

Animal disposal Number of animals—input by user
Average weight of animals— input by user
Disposal to landfill - £25/t (Connell, pers comm.)
Administer AFCF Cost of AFCF Number of animals— input by user

Price of AFCF — depends on form of application
(Brynhildsen et al., 1996 Hansen et al., 1996
Treament period —varies by farm type and scenario

Improve land
(appliesto rough
grazing on
upland/hill farms)

Additional |abour

Areaof improvement (ha) — input by user
Labour rate - £6.1/hr (SAC, 1998p307)
Ploughing rate — 0.9 ha’hr (SAC, 1998p301)
Fertili sing rate — 3 halhr (SAC, 1998 [801)
Sowing rate— 1.3 halhr (SAC, 1998p301)

Sedaling material

Cost of materials - £96/ha (SAC, 1998 pl111)

For al countermeasures a partial equilibrium budgeting model was adopted. This implies that
courtermeasures do not have impads on, for example, input prices at the regional or nationa level.
It al'so implies that impads of any countermeasure on aher aspects of farm adivities are not taken
acount of, e.qg. the impad of early weaning and sale of lambs on other farm enterprises. To take
acount of these wider effects, programming models for representative farm types would be
needed. Finaly, the approach taken makes no alowance for different levels of risk aadoss

courtermeasures from the point of view of the farmer.

3.2.Environmental Costs

A wide range of possble environmental and agricultural side-effects associated with
courtermeasures was identified through extensive literature study. The following list of key

impads was sl ected for inclusionin the Decision Support System:

Erosion and Sedi mentation

Soil Organic Matter

Soil Nutrient Transport to Water
Soil Pollutant Transport to Water

Anima Welfare
Product Quality
Product Quantity

Ammonia Emissons

Biodiversity

Landscape Quality
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Full descriptions of these impad criteriaare availablein Appendix I1.

Some of these impads were very difficult to value in monetary terms. For example, changes in
biodiversity present important conceptual problems (such as what measure of diversity to use),
athough some estimates of the value of specific changes in biodiversity do exist in the econamic
literature (e.g. Edwards-Jones et al., 1995,Loomis and White, 1996). For other impads, such as
mobhili sation o soil pollutants, novalues in the literature could be found. A further challenge was
to dbtain cost figures applicable at the farm scale for subsequent use in the DSS Some side-eff ects,
such as ammonia emissons, will have impads beyond the bourdaries of a farm. There ae aso
problems associated with transferring costs to a set of circumstances for which they were not
originally intended. Differences in environment, culture, econamic development and technology
can make a ©st estimate derived in ore country irrelevant to another. Where doubts existed over
the transferability of costs, a precautionary approach was applied and the st was not used.

A further restrictionin costing environmental and agricultural impads was that precise predictions
of the magnitude of impad were not availablein all cases (Salt et al., 1999%).

3.2.1.Erosion and sedimentation

Erosionis the transport of soil by wind and water. In Scotland, water erosion is the most common
form affecting agriculture (Arden-Clark and Evans, 1993. Wind erosion is limited to areas of
sandy or peaty soilsin level or gently rolling countryside during dry weaher (MAFF, 1986. Many
courtermeasures involve modifications in farming pradices that influence rates of soil erosion,
especidly if they involve dhanges in the frequency of ploughing.

Much of the literature divides erosional effectsinto on and df-site impads. On-site impads, in the
short-term can include changes in crop productivity, fertiliser lossand cperational problems. Study
of the long-term on-site damage from erosion is very limited. It has been estimated for an areain
the south-east of Scotland that rates of soil 1oss up to 25 tonnes per hectare per yea could be
tolerated for more than 200 yeas before the land would suffer significant yield losses (Frost and
Speirs, 1984). No significant reductions in chemical fertility on arable land are expeded in the UK
due to the regular addition of large volumes of fertiliser. It isthe loss of chemicd fertility following
erosionthat causes rapid yield reductionsin other countries (Frost et al., 199D).

Severa relationships between erosion and crop yield have been generated for specific crops but
most of these ae for crops not relevant to Scotland. A relationship for winter whea suggests a
yield losscost from erosion of £3.80per hectare (Evans, 1996. Ancther relationship suitable for
Scotland is a percentage yield reduction d 0.007% for every tonne of soil lost per hectare (Evans,
1981). The timing of the eosion event has a aucial effect on the damage wst, bu Frost et al.
(1990) suggest that a maximum yield reduction of 2.5% applies to the UK. Account is taken of the
fact that crops have aremarkable ability to compensate for loss of plants at an early stage in the
growth cycle. Important considerations when assessing the effect of erosion are the initia soil
depth and threshold effeds. Frost and Speirs (1984) suggest no detedable reduction in cerea yields
in the short term for soils greater than 1.2min depth.

Thelargest impad of soil erosionin the UK occurs outwith the farm (Armstrong et al., 1990). M ost
of the st aswociated with df-site effeds results from the damage to houses, roads etc. and
removal of sediment eroded from cropland. Some urntermeasures will result in increased
exposure of bare soil to winter rain, which coud have @stly consequences. Evans (1996) lists a
range of costs from £1 per km® for removing eroded soil from roads in the Cambridgeshire
fenlands, to over £400per km?’ for cleaning ot ditches in the East Anglian fens. The average of the
twelve st estimates cited was £96.4 per km?. In Canada, Fox et al. (1995) indicate that off-site
damage from sediment eroded from Ontario cropland causes damage ranging from $25$100 per
hedare of cropland per yea. A similar estimate has been used by Pimental et al. (19%) of $50 per
hedare of crop and pasture.
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In the CESER project erosion is quantified as weight of soil lost per hedare. To convert these
erosion estimates into costs, a monetary value per weight of soil is required. Ribaudo (1986)
reports an off -site damage st of £4.72 g@r tonne of eroded soil (converted to 1998£ sterling using
theretail price index, ONS 1999).

An important aim of the CESER projed is to place avaue onthe ewironmental change brought
abou by the muntermeasure. This requires that both negative and positive st effects are
considered. For instance, afforesting arable land or leaving it fallow will lead to a long-term
deaeasein erosion, whereas, converting dairy grasdand to barley production will greatly increase
erosion.

3.2.2.50il organic matter

The effects of agricultural pradices sich as tillage or liming on soil organic matter are well
documented in the literature (e.g. Whitmore et al., 1992,Simard et. a., 199%). Generally a high
content of organic matter is regarded as positive as it improves il fertility and water holding
cgpacity. Countermeasures that accderate mineralisation o organic matter, e.g. converting
grasdandto cerea production, improving rough grasdand and liming, may diminish the soil humus
reserves. Conversely, afforestation or leaving the land fallow, will increasse the humus level,
athough this is a slow process Costs associated with these changes in soil quality could not be
identified explicitly dueto lad of data.

3.2.3.50il nutrient transport to water

Changes in the anourt of nutrients, in particular nitrogen and phaphorus compound, reaching a
water course can have nsiderable effeds on water quality. Countermeasures, such as
aff orestation a cessation of agricultural production, may result in drastic reductions in the nutrient
inputs to water bodies. Significant increases may occur as a result of changes in stocking density,
livestock feeding regimes and soil applicaions of manure and fertilisers. Countermeasures
asciated with increased erosion are also likely to increase phosphorus inputs to water bodies
(Bérlundet al.,1998).

Increased loadings of N and P will fuel primary production of agquatic biomass which in turn
increases the anourt of dead matter. This uses up ox/gen duing it’s decompasition. Some fish and
other organisms may die if the oxygen drops below their critical level. Plants adapted to nutrient
rich conditions will thrive, outcompeting those adapted to nutrient poor conditions. This processis
termed eutrophication (Harper, 1992). Increased eutrophication has a wide range of impads such
as. a) bad taste and odaur of drinking water, b) growth of toxin-producing cyanobaderia, c) poor
visual appearance, d) degraded ecosystem, and €) interference with fishing, bathing and aher
amenity uses. The disappeaance of fish, such as Arctic Char (Loch Leven) and Vendace (Castle
Loch) from Scotlandis almost certainly due to nutrient enrichment (Bailey-Watts, 1990).

Some WTP studies have valued ecosystem protection againgt eutrophication. In France Le Goffe
(19%) found local residents willing to pay FF215 and FF160 per household per yea to be adle to
bathe safely and eat local shellfish, and to prevent asphyxiation d fish, respectively, in Brest
harbour. A further example is from Magnussen (1992) who derived a WTP of FF1000 for a 50%
reduction in nutrient levels in the North Sea. In America, Bockstadl et al. (1989) quote aWTP
equivalent to FF350 for water fit for swimming in Chesapeake Bay.

The Baltic Drainage Basin Projed has used contingent valuation to assessthe sts and kenefits of
reduced eutrophication of the Baltic Sea (Gren et al., 19%). Asauming a 50% reduction in
loadings, the wsts of nitrogen and phaphorus reductions are approximately 3200 million SEK
and 3500 million SEK per yea, respedively. The nitrogen and phosphorus loads were 1095
thousand tonnes and 36 thousand tons per year, respectively. Based ona 50% reduction, the costs
are £4.7 per kg of N and £15.2per kg of P, respectively (1998 £sterling).
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3.2.4.Soil pollutant transport to water

Courtermeasures may have an effect on the quantity of pollutants reaching water bodies.
Conversion d grassland to cereal cultivation on dairy farms will necessitate greater use of
pesticides and herbicides, which may read watercourses through runoff and percolation.
Afforestation and fallow on arable land will reduce inputs of these compound to the aquatic
environment. Afforestation may lead to substantial locd changes in the iron, manganese and
auminum levels in water, as measured following aff orestation of the Cray catchment in south
Wales (Stretton, 198&1). However, in this and other cases (Robinson, 1980; Leeks and Roberts,
1987 very little dhange was naticed at the outfall of the cachments since nearly all the product of
change was kept on site. This dde-eff ect has thus not been included in the DSS

Many countermeasures affect the anourt of organic matter in the soil, e.g through liming,
ploughing and land use (see Section 3.2.2). Soil pdllutants including radionuclides may be
mobhilised when organic matter degrades, increasing the risk of transport to surface and
groundwvater. Contamination of groundvater can pdentialy have a ostly effed on dinking water
athough in Scotland very little drinking water comes from this surce, only 3% in 1990 (Scottish
Office 1993).

Estimates for the aosts of al types of water pdlution (including erosion and run-off) in Scotland
have been derived from an index of river, cana and estuary water quality (Moffatt, Hanley and
Wilson, 1999. These national estimates cannot be used to derive @sts associated with water
padlution resulting from specific countermeasures. The estimation of costsis not only hampered by
ladk of suitable data but also by the difficulties in predicting which pdluting substances may be
mobilised by a particular courtermeasure at a given site. It is expected that impads will be
generaly small compared to other impad criteria.

3.2.5.Animal welfare

Potential negative impads of countermeasures on the welfare of livestock have been identified in
asociation with early weaning and intensive indoor feading. Provision of better quality grazing
land could have positive dfects. No data on the valuation of animal welfare has been foundin the
literature. However, the physical hedth and well being of livestock may have an effect on the
quality of the final product and this would be reflected in the price adieved a market. As
agricultural support measures impase adistortion onmarket prices for many types of crop and
livestock, thiswould have to be corrected for in deriving estimates of socia cost.

3.2.6.Product quality

The quality of crops is likely to decline a a result of deep ploughing. Changes in the feeding
regime of animals may have apasitive or negative effed on mea quality. Any cost effeds on
product quality will typicaly be reflected in the difference in market prices achieved with and
without the courtermeasure. In redity thisis difficult to assess given annual fluctuationsin prices
and the difficulties of predicting the exact nature of the change in quality. In addition, people's
perception and trust in ‘treaed’ foods will affect the price at which treated products can be sold.
These impads have been assessed for lamb and milk as part of the CESER project (Grande et al.,
1999. The findings suggest that a 62% discount would be required for treaed milk (relative to
untreaed milk from outside the contaminated areg), anda 31% cut in lamb prices.

3.2.7.Product quantity

Many countermeasures involve danges in the quantity of agricultural produce. These will be
reflected in the increased or deaeased income that is generated. Courtermeasures with large
impads on product quantity were preferentially costed for inclusion in the eonamic part of the
CeserDSS These ae typically related to significant changes in management practices. For
example, leaving land fallow or aff oresting result in the complete loss of agricultural production.
Ancther example is the sale of store animals instead of finished animals, ready for daughter.
However, in some caes the degree of change in quantity resulting from a @untermeasure was
difficult to predict. In the case of dairy cdtle, for example, the dfect of calcium supdementation
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onmilk yield was not quantified.

3.2.8.Ammonia emissons

In European countries intensive farming is the main source of ammonia emissons (Asman, 1993.
The detrimental effects of ammonia relate to the input of excess nitrogen to ecosystems.
Courtermeasures involving changes in intensive livestock systems sich as dairy and lowland beef,
have the greatest impad on ammonia emissons. Some data on the @sts associated with
atmospheric nitrogen exist in the literature, with costs generally expressed in terms of emissions of
nitrogen oxdes. Tellus Ingtitute (1991), Chernick and Caverhill (1989) and Pace University Centre
for Environmental Legal Studies (1989) have estimated marginal damage asts for nitrogen oxides
of £3460, £241 and £1011per tonne of nitrogen oxides(NO,) respedively (all converted to 1998£
sterling). These compare with a Swedish estimate of £3381 f@r tonne (SNRA, 192).

Unfortunately, these st figures include not only costs associated with ecosystem damage through
excess nitrogen inputs but also the ast in human heath effects due to inhalation d NOy. Thus the
figures cannot be transferred to ammonia, which has no known drect impad on human health. UK
agricultural emissons of ammonia (NH; and NH,") contribute & much to total N deposition
throughout the muntry as NO, emissons from industry and vehicles (DoE, 1994). Ammonia has a
much shorter residence time in the atmosphere than NOy and thus contributes lessto the long-range
transport of N. Nevertheless, approx. 34% of the estimated 23Q000 tonnes of ammonia per year
emitted in the UK during 19881992, are exported to the sea or to other countries (DoE, 199).
Given these problems, changes in ammonia emissons resulting from courtermeasures could na be
costed despite goodimpad predictions being avail able.

3.2.9.Biodiversity

Several contingent valuation exercises have been carried out to estimate willingnessto pay for the
preservation of rare, threatened and endangered speciesin the USA (e.g. Loomis and White, 1996).
However, oltaining values for single species is nat sufficient when attempting to value full
biologicd diversity. The Convention on Biological Diversity, signed by 154 retions at the Rio
Summit, defines biodiversity as:

‘The variability among living organisms from all sources, including inter alia, terrestrial,
marine and other aquatic emsystems, and al the emlogica complexes of which these ae a
part: this includes diversity within species, between species and of emsystems (UNEP,
1993’

Courtermeasures entailing changes in grazing pressure or in land use will affect the biodiversity on
afarm. In order to assess the resulting complex shifts in species distribution and abundance, an
index or set of indices of biodiversity change would be required. However, as Reid (1992 paints
out, thereis no clear consensus on haw biodiversity should be measured.

To some extent the difficulty in valuing biodiversity is illustrated by Edwards-Jones et al. (1995).
The authors have attempted to construct a WTP demand curve for spedes richness for areas of
upland Scotland. Their aim was to compare the relative importance of emlogica goods as
ascertained by contingent valuation models and standard ecological evauation. CVM respondents
were asked to value their WTP to maintain the level of speciesrichnessasit existed at the time and
also to hid for 50% and 100% increases in species richness Their results dowed little difference
aaoss different landscape types for the sites in their current state or with increased species
richness.

Given these reservations and the ladk of goodimpad predictions, it was not feasible to place a cost
on changes in biodiversity resulting from courtermeasures.
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3.2.10.Landscape quality

Several contingent valuation exercises have been undertaken to place a value on particular
landscapes (e.g. Willis, 1995 Willis and Garrod, 199). However, very few have been identified
that achieve ava uation for the types of landscapes which will change due to countermeasures. The
most drastic impads on the landscape will result from aff orestation, pasture improvement and
cessation of agricultural production. Some recent work in Finland is perhaps the most applicable
found so far (Tyrvdinen and Vaénanen, 1998. Here the aithors have attempted to value
aff orestation in the context of its contribution to the quality of the housing environment.

Given the ladk of applicable data in the literature, an arigina contingent valuation exercise was
undertaken to place values on two types of Scottish landscape likely to be dfected by
courtermeasures, - rough grasdand and heather moorland. This is discussed in more detal in
Sedion 33.

The findings on economic estimates of the environmental costs of countermeasures are summarised
in Table 3.

Table 3. Summary of environmental cost estimates found in the literature.

Impact criteria Costs Source

Erosion and Sedimentation cropyield - 0.007 % / t of crop up to | Evans (1981)
amax of 2.5 % Frost et al. (1990)
off site- £4.72/ t of soll Ribaudo (1985)

Soil Organic Matter no costs found in the literature

Soil Nutrient Transport to Water £4.70/kg of N; £15.20/kg of P Gren et. al. (1995)

Soil Pollutant Transport to Water no costs found in the literature

Animal Welfare variation in market prices

Product Quality variation in market prices

Product Quantity variation in income

Ammonia Emissions no usable wsts found in the literature

Biodiversity not possbleto value

Landscgpe Quality original contingent valuation study SeeSedion 3.3.

3.3.A Contingent Valuation Study of the Impacts of Counter measures on L andscapes

Changes in landscape quality may have significant effects on the utility value to consumers. When
landscape dhanges are viewed as undesirable, they have an econamic cost (and similarly, an
emnamic benefit if they are viewed as desirable). It is unlikely that everyone has the same
preferences for landscepe, thus we need to use a method, which alows for this variability in
estimating econamic values. These values, in accordance with the general principles of CBA, are
based onthe mnsumers Willingnessto Pay (WTP) to either support a desirable change, or else
prevent an urdesirable one'.

Suitable data was not available in the literature for the valuation of landscape dhanges resulting
from courtermeasures involving land use thange. Two common types of landscape in Scotland that
are likely to be significantly affected, are rough grasdand and heather moorland. Contingent
valuation was used to value shifts in the quality of these landscapes as a result of 1) pasture
improvement and 2) afforestation.

In the mntingent valuation method, consumers are aked to express their environmental

L willi ngnessto Accept Compensation is an aternative measure of preferences, not used here.
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preferences directly in a hypaothetical market. This might consist of asking people for either their
maximum willi ngness to pay for an increase in quality (or to prevent the loss) of an environmental
good a their willingnessto accept compensation to forgo such an increase (accept the loss). Asthe
willingness to pay value is contingent upon the particular hypaothetical market described to the
respondent, this approach became known as the @ntingent valuation method(CVM) (Hanley et al.,
1997. CVM has recently been approved by the US government for use in natural resource damage
claims, and has a surprisingly long history of usein policy/project appraisal in the UK.

Hanley and Spash (199%) identify five stages in undertaking a CVM exercise: (1) setting up the
hypothetical market, (2) obtaining bids, (3) estimating mean willingnessto pay, (4) aggregating the
data, and (5) estimating bid curves.

The aim of the survey undertaken as part of the CESER project was to elicit from respondents
estimates of their willingnessto pay to prevent changes to two landscape ctegories. The survey
was limited to local residents living close to the selected areas where the muntermeasures would be
applied. The focus on local resident values (rather than, say, national values) should provide more
conservative st estimates. The two landscape categories were heather moorland and rough
grasdand. Within ead of these categories respondents were asked to value their willingnessto pay
(WTP) to avoid some proportion d the landscape dhanging to either productive grasdand or
coniferous forest. These, combined with the payment vehicle used, are the hypaothetical markets.
Respondentswho preferred the altered landscape were asked their WTP to bring about this change.

An information pad containing good quality colour photographs and text was slected as the most
suitable means to describe the goods and the dhanges that could occur to them. To avoid
‘information overload’ the volume of text was kept to a minimum while ensuring that there was
sufficient information for the respordent to understand the landscgpe change scenarios.

The information pack consists of four pages (an example for heather moorland is included in
Appendix 11'). The first page describes the cntents of the padk and autlines some of the important
isaues relating to the particular landscapes that could be lost. The second page @ntains a map
showing the aeathat would be affeded by the hypatheticd |andscape changes. On this map are
concentric drcles howing the distancefrom the aea at 10-mileintervals. The aim of thismap isto
allow the respordent to relate the areathat could be aff ected by the hypathetical landscape change
to where they live. In the survey responcdents are asked to give the distance they live from this area.
The fina two pages of the information padk show photographic images of the baseline and atered
landscgpes: one page for a change from heather moorland to productive grasdand and the second
page for a dchange to coniferous forest. Short captions describe the management pradices that
maintain that particular landscgpe and some of the typical animal spedes occurring. The baseline
pictures were manipulated using the software package ADOBE PHOTOSHOP Version 4.0.

The design o the questionnaire was optimised through an iterative process. In addition to several
dummy runs with colleagues from diff erent disciplines, two focus group medings were held. These
identified a one-off payment to a specially created trust fund as the preferred payment mechanism.
A household rather than individual payment request was used, which follows the general view in
the literature that this is the most appropriate means by which payments shoud be gathered for use
in cost benefit analysis (Quiggin, 198B). One version d the questionnaire (for the heather moorland
areq) isincluded in Appendix IV.

A total of 639face-to-faceinterviews were mnducted by a market reseach company (System Three
over three weeks in May 1998in two areas of Scotland. This total comprised 318 gestionraires
completed nea the heaher moorland area (approx. 30 miles uth-west of Aberdeen) and 321
questionraires completed nea the rough grasdand area (near Oban, nath-west Scotland). The
sample was representative of the Scottish population in terms of age and gender when compared to
the latest pulished figures in the Annual Report of the Registrar Generd for Scotland (GROS, 1998.
Table2.1).
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In estimating the value of a given habitat, it is important to recognise that some respondents might
prefer an aternative. This requires inclusion of negative bids for the habitat of interest and positive
bids for the aternative (MacMillan and Duff, 1998B). WTP amourts given by those who wanted to
proted the existing landscape were taken as paositive bids, whilst WTP amourts given by those who
preferred the new alternative were taken as negative values. The resulting net figure indicates a
preferencefor the existing landscape if positive and the new landscape if negative

The results, summarised in Table 4, show that the respordents have a ¢ea preference for heaher
moorland over both productive grasdand and coniferous forestry. The negative WTP for the change
from rough grasdand to productive grasdand indicates that the responcents prefer the latter landscape
but prefer the former to forestry. Thisimplies a didike of forestry regardiessof the existing landscgpe
and a preference for heather moorland over prodictive grasdand with the latter preferred to rough
grasdand. The lad in predsion of these mean estimates (the 95% confidence intervals) may have
been dwe respondents finding it difficult to expresstheir preferences in a monetary form, within the
context of the hypatheticd markets established.

Table 4. Net WTP (mean, 99% confidence interval and standard deviation) to preserve the
existing landscapein £ sterling.

New landscape
Productive grasdand Forestry
Heaher Mean WTP 465 Mean WTP 9.0
moorland 5% trimmed mean 8.1 5% trimmed mean 11
95% confidenceinterval -.9-939 95% confidenceinterval -14.4 -32.3
standard deviation 3651 standard deviation 1702
Rough Mean WTP -36.8 Mean WTP 289
grasdand 5% trimmed mean -5.9 5% trimmed mean 8.4
95% confidenceinterval -90.5-17.0 | 95% confidenceinterval 0.6 -57.2
standard deviation 4006 standard deviation 2179

Data aygregation, to derive per hedare valuations for each landscape preference, has been achieved
by multi plying the mean net WTP estimates by the relevant number of househdds. To estimate the
number of houwsehdds in eat areg regression equations were anstructed for WTP against distance
for the two geographicd areas. In ead case the distance from the site a which WTP is predicted to
go to zero was derived and the popuations within that distancewere foundfrom census data.

For the heaher moorland areathe regresson equation suggests that the population within a radius of
25 miles shoud be used. Using data from the 1991 census (GROS, 1993 the number of househdds
in this circle, effectively the whaoe of Angus and Kincardine and Deeside regions, is approximately
48,000.A similar analysis for the rough grasdand areasuggests the relevant popuation lies within a
radius of 30 miles. Within this areathe number of househdds is approximately 17,000 (GROS,
1993.

In order to derive a‘ per hedare' vaue for each landscape, the size of the aea dfeded by the changes
has to be mnsidered. In bah the heather moarland area (12 square miles, 32 km?) and the rough
grasdand area(9 square miles, 24 km?), responcents were asked to consider changes to a quarter and
to half of the aea These auate to area tanges of 800 and 1600 ledares, respedively, for the
heaher moorland and 600and 1200 ledares, respectively, for the rough grasdand. The 95%-
trimmed mean WTP estimates of Table 4 were goplied to the number of househdds and to the size of
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area dfeded by the wurtermeasure. This generated a set of WTP vaues per hectare for eah
landscape, as own in Table 5. A scope test, i.e. chedking how WTP varied with the size of the
afeded areq indicaed that the average WTP valuations are the same regardlessof the size of area.
Therefore, the per-hedare figures shown in Table 5 are given as arange of values.

Table 5. Aggregated WTP per hedare to protect heather moorland and rough grassand
from changesin landscapeto either productive grassand or forestry.

Changeto productive Changeto forestry
grasdand
Heather moorland
Trimmed mean (£/household) 81 11
Relevant population 48,000 48,000
Area (ha) 800 — 1600 800 — 1600
Implied landscape value £/ha 243 — 486 33-66
Rough grasdand
Trimmed mean (£/household) -5.9 84
Relevant population 17,000 17,000
Area(ha) 600 — 1200 600 — 1200
Implied landscape £/ha (84— 168 119 — 238

The results of the Contingent Valuation survey have been used in the CeserDSS to provide
environmental impad scores for the landscape changes assessed.

4. Estimating Countermeasure Benefits

Courtermeasures may allow food poduction to continue in areas contaminated by radioadive
fallout. The societal benefit of avoided lossof production is usually regarded as the value of the
saleable product that could not have been sold for human consumption if the countermeasure had
not been applied. However, if food has been subjected to a countermeasure, then consumers may
require a reduction in price to be willing to consume the product. This relates to an increase in
perceived risk from eaing these foods. The study by Grande et al. (199) suggests that consumers
may be willing to pay more for foods from areas not affected by radioactive falout. For milk and
lamb mea this pricedifferenceislikely to be of the order of 62% and 31%, respectively.

At the farm level, the benefit of a countermeasure can be regarded as the maintained margin to the
farm or, in the ases where the finished product only forms a part of the farm’s output, the
maintained income from the sale of the final product. In cases where acountermeasure resultsin a
change in management practice, e.g. converting land to oil seed rape or afforestation, then the farm
level benefit is counted as the gross margin of the new land wse. Section 5.2. provides more detail
on the methods by which onfarm benefits are cdculated in the CeserDSS

The benefits of courntermeasures can aso be considered in terms of avoided radiation dose and
consequent risk of illness. The benefit of any averted dose @n be assessd in terms of peoples
Willingnessto pay (WTP) to avoid an increased risk of illnessthat could occur had the alditional
dose not been averted. The econamics literature suggests that WTP is the preferred method of
asessng such risk reduction benefits, rather than risk-income trade-off s, as it al ows for variations
in individua preferences. This approach requires that the radioadivity prevented from being
transferred to foodstuffs is reliably predicted for each countermeasure and converted into a
collective averted dose (expressed in person-Sieverts or person-Sv). WTP to avoid this additional
dose can then be measured. Idedly, the conversion of avoided risk into the econamic value of this
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risk reduction reeds to be crried out using data on individual’s WTP for spedfic undesirable
hedth end points (such as days of sickness). This approach has not yet been applied to radiological
courtermeasures but empirical findings exist for other health risks, such as urban air pollution
(Reed Johnson et al., 1997; Strand, 19%).

An alternative to the WTP approach is to use aCost of Illnessmethod, which values reductionsin
risks as reductions in personal and social costs of illness This method,lessfavoured by econamists
as it bre&s the link with preferences, involves comparing the alditional radiation dese with a
hedth detriment cost (also expressed in terms of person-Sv). A range of health detriment costs are
cited in the literature, including an estimate used by the TEMAS projed, of 18,000ECU’s per
person-Sievert (Montero et al., 1998. A value of US$100,@0 (approx 80,00 ECU at 1997
exchange rate) per person Sievert, recommended as a maximum by the Nordic Radiation Protection
Authority, was used by the RESTRAT project (cited in Hedeman Jensen, 199). This approach was
not adopted in the CESER project. Within the CeserDSSonly on-farm benefits are msted.

5. Economic Assessment in the CESER Dedsion Support System
5.1.Brief Description of the CESER Dedsion Support System

The CESER Dedsion Support System — CeserDSS (Salt et al. 199%) is a software package
developed for typical Scottish agricultural systems, which enables assessments of :

e land suitability for countermeasures
e environmental and agricultural impads, and
e onfarm costs and benefits.

The software isintended for applicaion at the farm level, providing separate assessments for dairy,
upland and lowland sheep, upland and lowland keef, and arable crop farms as well as enterprises
involving management of red dea (Appendix V explains how to dbtain the software). After
selecting a farm type and a radionuclide deposition scenario (see Table 6), the user is invited to
chocse from alist of countermeasures that might be gopropriate to their situation.

Table 6. Deposition scenarios in kilo-beajuerels per square metre, for the most relevant
radionuclides caesium-137, strontium-90 and alpha-plutonium.

Scenario B¥cs Ogr alpha-Pu Situation
kBgm? kBgm? kBqm?

Scenariol | 100 2 0.02 Chernolyl-like fallout on dstant
fields.

Scenario 2 | 100 100 0.02 Fallout with a higher Sr fradion on
distant fields.

Scenario 3 | 1000 200 0.2 Falout on fieds close to site of
nuclear release.

Scenario 4 | 5000 500 1 Fallout on fields very close to site of
nuclear release.

Thelimitations of ead o these muntermeasures are then explored by querying the user about their
farm environment and management regime to accurately determine whether the countermeasure is
suitable. The decision support comporent of the software dlows evaluation of the fina list of
courtermeasures based on environmental and agricultural impad criteria by assessing them
acording to the user's own personal objedives. Using a Multicriteria Decision-Making
Methodology cdled Ided Point Analysis (Pitel, 199), this componrent incorporates user-spedfied
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weighted criteriato the analysis and ranks the countermeasures from best to worst according to the
environmental impad criteria.

The user then has the option of carrying out a detailed economic analysis of the fina
courtermeasures. ldedly, this analysis would include both the direct costs of implementing the
countermeasure and the indirect environmenta costs. Within the CeserDSSthe direct, or on-farm,
monetary eff ects are shown in the section entitled “Farm Level Cost/Benefit Analysis Results’ and
the data used to derive these estimates is iown in the section called “Econamic Information”.
These sections will only show data once the “Farm Level Cost/Benefit Wizard” has been
completed. The ewironmental costs of the muntermeasures were not diredly included in the
CeserDSS More research is required to produce ast estimates suitable for inclusion. However, the
results of the Contingent Valuation study were used to set relative impad scores for changes in
landscgpe quality.

On seleding the “Farm Level Cost/Benefit Wizard” from the “Run” menu (this can only be done
oncethe “Countermeasure Selection Wizard” has been completed), the user will be presented with
alist of courtermeasures derived from the Seledion Wizard. On clicking the ‘next’, button the user
must answer arange of questions particular to ead countermeasure and farm type. Oncethese have
been completed the full list of econamic variables will be shown in a table. These variables are
used to derive the wsts and kenefits for each countermeasure and can be edited by the user if
desired. The farm level costs and kenefits are then calculated and displayed in a summary page that
aggregates the aosts and benefits into a net benefit or cost (see Figure 2). At each step the user can
go badk and edit any ecnomic variables. When the user seleds ‘Finish' these results will be shown
as atable in the sedion “Farm Level Cost/Benefit Analysis Results’. An averview of the antire
courtermeasure assessment processisgivenin Figure 3.

s Farm Level Cost/Benefit Wizard O] x|

Summary of Economic Costs and Benefits:

Countermeasune Costs B enefitz Surnrary
Adrrinister AFCF to upland £ 1350 5 9600 5 8050
sheep.

et [eme| e £ 5820 £ 11811 £ 531

upland sheep are.

Apply K. fertilizer to area
where upland sheep £ BEAEEY £11811 £ B124.33

araze.

Fatten upland sheep on 51134 5 9600 5 D4EE
clean roughage.

{< Back e | Einizh I Cancel

Figure 2. Example of CeserDSS output for an emnomic assessment on an upland farm
finishing 300lambs, with 20 ha of improvable land and 20 ha suitable for K fertilisation.
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RUN CESER WIZARD

Y

SELECT DEPOSITION SCENARIO

f
Y

SELECT COUNTERMEASURES FOR EVALUATION
FROM LIST OF APPROPRIATE COUNTERMEASURES

f

ASSESS ENVIRONMENTAL AND AGRICULTURAL
LIMITATIONS OF SITE

SELECT FARM TYPE

SEmMAn<w =—OMUXMm

DISPLAY LIST OF POSSIBLE COUNTERMEASURES | . | GENERATE IMPACT SCORES
REMAINING AFTER ASSESSMENT OF LIMITATIONS OF THE COUNTERMEASURES

f

RUN MCDM EVALUATION OF FINAL

COUNTERMEASURES USING IMPACT SCORES * END
v v v
WEIGHT SET SET
ASSESSMENT CRITERIA | |COMPENSATORY
CRITERIA OBJECTIVES LEVEL

Y

RUN MCDM PROGRAM (IDEAL POINT ANALYSIS) » | GENERATE RANKED LIST OF
COUNTERMEASURES

RUN ECONOMIC EVALUATION OF

FINAL COUNTERMEASURES END

f

SUPPLY SITE SPECIFIC DATA

'

EDIT COST ESTIMATES WITH CURRENT VALUES

f

EMEH<w —HABVOTVUCY ZO0—0W—OMmMOQ

RUN ON-FARM COST/ BENEFIT ANALYSIS

Y

END

Figure 3. The mountermeasure evaluation processin the CESER Dedsion Support System.
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The foll owing section describes the assumptions and cal culations made in assessing on-farm costs
and benefits of ead of the countermeasures appli ed to each farm type within the CeserDSS

5.2.Methodology and Assumptionsfor Quantifying On-farm Costs and Benefits

The descriptions of countermeasure cost and benefit assumptions and cdculations have been
grouped according to farm type. Each countermeasure is given a @de used throughout the project.
For each countermeasure the user has to answer questions about the farm being aseessd. All other
data required in the econamic caculations is held as editable variables within the DSS
Descriptions of all variables and sources of data used in each calculation are provided.

The economic assesgment package within the Decision Support System has been developed using
typical management practices for Scotland supdied in the Farm Management Handbodk (SAC,
1998. The wsting methods are a compromise between excessive detail and oversimplification.
However, by allowing the user to manipulate the variables used in the assessment it is possible to
derive costs and bkenefits more applicable to a given situation. The costs and kenefits are only
cdculated for the yea in which the courtermeasure is applied. Long-term comparisons between
annudly and less frequently applied countermeasures are aurrently not possible within the
software.

5.2.1.Dairy production

DY1 —Administer AFCF

The on-farm costs of administering AFCF are alculated by multiplying the number of milking
cows by an estimate of the daily AFCF cost and converting to an annual cost figure. The user is
asked to enter the number of milking cows that are to be treated. A daily AFCF cost of £0024 per
cow per day is used (Brynhildsen et al., 1996). No additional labour costs have been assumed. In
addition, it is assumed that AFCF has no eff ect on the quality or quantity of the milk (Hansen, pers.
comm.).

The benefit of administering AFCF is regarded as the maintenance of the milk margin. The typical
milk yield in Scottish dairy herds, approximately 5900 litres per cow (SAC, Twedde, pers.
comm.), was rounded to 6000litres per cow. Based on SAC (1998 pEb5) this equates to a margin
of £0.113 per litre. Expressing the margin in this way allows the user to edit the yield per cow. The
further the yield figure (input by the user) differs from the average, the less reliable the margin
estimate becomes. However, in this case the user has the option to adjust the margin per litre.

DY 2 —Supply calcium

The user inpu variables requested are the number of milking cows to be treated and the anourt of
Canormally fed per cow per day. Any routingly suppied Ca is subtracted from the daily dose of
the courtermeasure (500 g of CaCO; per cow per day). The st of the courtermeasure is
cdculated by multi plying this difference by the calcium cost of £25 per tonne (price supplied by
Franzefoss Bruk A/S, Norway) and converting to an annual cost. It is assumed that no additional
labour costs are involved.

The benefit of this countermeasure is considered to be the maintenance of the milk margin, as
cdculated for DY 1.

DY 3 —Feed clean concentrate

The number of milking cows onthe farm has to be specified by the user. The cmuntermeasure costs
are based on the aditional use of concentrate. The foll owing assumptions are made:

= priceof dairy cow concentrate = £150 @ tonne (SAC, 1998 p15).

= normal management: concentrate fed in summer / winter = 2 and 7.25kg/day, respectively

= courtermeasure; concentrate fed in summer / in winter = 8.2 and 9.5kg/day, respedively
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= summer grazing period = 175 days ; winter in-doar period= 190 days.

The benefits are § the maintenance of the milk margin (cdculated as for DY1), b) reduced
grasdand and silage production and c) no need for barley in the winter diet. Grassland cost savings
are based on grazing areas of 0.25 and 008 hectares per cow, respedively, for normal and
courtermeasure management, using a grasdand production cost of £133 per hedare (SAC, 1998
pl55. Silage mst savings are based on arearequirements of 0.25 and 0.10 hectares per cow,
respedively, for normal and countermeasure anditions. The area requirements can be edited by
the user. The saving in barley is based onanormal dietary contribution of 3 kg per cow per day in
winter.

DY 4 —Exclude animal production

The user is required to provide data on the number of milking cows and their average weight. The
costs of excluding animal production are the loss of grossmargin (as calculated in DY 1) and the
cost of animal disposal in thefirst yea. It is assumed that animals are disposed to landfill at a cost
of £25 per tonne, including a £10 per tonne landfill tax (Connell, pers. comm.). No onfarm
benefits are asumed for this countermeasure.

DY5 —Afforestation

The user must enter 3 variables: (i) the number of milking cows, (ii) the average weight of the mws
and (iii) the aeato be dforested. Afforestation will result in the lossof milk margin, asin DY 1,
andinthefirst yea the st of animal disposal, asin DY4.

The benefit of this countermeasure is the margin derived from afforestation. The cah flow
estimates of SAC (1998 p46b) have been used to generate aper hectare, per annum margin of £166
using an annua equivalent factor conversion of the net present value of a single rotation (Lumby
1991). Thisis multiplied by the areato be aff orested.

DY 6 —Feed concentrate grown on farm

Thefirst step isto calculate the total barley feed requirement for the milking cows (asin DY 3) and
to convert this to a growing area based on the typical yield, input by the user. If the land available
for conversion to berley production, as specified by the user, is insufficient then a ‘buying in’
requirement is calculated. Costs include aditional ploughing and danting for the etra barley.
These have been derived from SAC (1998p305and p15/17).

There ae severa econamic benefits of this countermeasure: @ maintained milk margin (as
cdculated in DY1), b) reduced need to buy in concentrate, and c) reduced grassland and silage
production. The reduction in concentrate is based on the normal summer and winter requirements,
as siown in DY 3. The saving in grassland and sil age productionis calculated by acounting for the
extra areaof land required for the home grown barley (taking into consideration the areaof barley
normally grown).

DY7 —Supply Ca and feea clean concentrate
Thisisa combinationof DY2 and DY 3.

5.2.2.Lowland shee production

Lowland sheep production is assumed to involve breeding and fattening of lambs. The default
variables for the cost and benefit calculations are for 'Lowgroundcrossored breeding ewes-finished
lamb production off grass, as described in SAC (1998,p 212/213).

SL1 —-Administer AFCF
The user is asked to enter the number of lambs finished onthe farm. Asfor DY 1, it is assumed that
administering AFCF to sheep has no cost effect on the animal or animal products. For the AFCF
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bdi a mst of £4.50 per treadment per animal isused (Hansen et al., 1996).

The only benefit of this countermeasure is the maintained income from finished lamb. Given that
finished lamb production is only part of the total income of atypical lowland farm and that most
other income (e.g wool, ewe sales, subsidies) will be unaffected, it isinappropriate to use the farms
grossmargin as a benefit estimate. An income figure based on the farm gate price of the finished
lamb, £40 mr lamb, (SAC, 1998p213 is used instead. This will dightly overestimate the benefit
as variable aosts for the finished lambs have nat been deducted. It has the alvantage of making
cdculations in the DSSmuch simpler.

SL 2 —Fatten on clean concentrate

The user has to specify the number of lambs finished onthe farm. A shee concentrate price of £90
(SAC, 1998 213) is multiplied by the difference between countermeasure (1.0 kg/day) and namal
(0.18 kg/day) use of concentrate. It is assumed that that the fattening period is 90 days and all
concentrate is bought in. The user can alter the length o the fattening period. An additional cost
may be the hiring of letting courts if there was insufficient housing for the lambs but in the
CeserDSSfattening on clean concentrate is eliminated from the list of suitable wuntermeasures if
howsing isalimitation.

The main benefit of this countermeasure is the maintained income derived from the sale of the
finished lambs (£40ead), as explained for SL1.

SL3 —-Limethe sail

It isassumed that liming is carried out every two yeas at arate of 2 tonres per hectare and a price
of £30 per tonne (SOAEFD, 198 p13. An additional cost for contractor’'s charges of £6 per
hedare (SAC, 198 p3®) is included as it is assumed that lime-spreading equipment is not
avail able on the farm. To calculate the cost of liming the user has to enter the aeaof land onwhich
the countermeasure will be gplied. This dould agree with the areaof land that is aiitable for the
courtermeasure, as assessed in the Countermeasure Selection Wizard.

Liming would orly be gplied to suitable soils, which could occur onasmall areaof the farm. The
user therefore has to estimate the percentage antribution that thisland makes to the fattening of all
lambs. A corresponding propartion of the maintained income is then used to cdculate the benefit,
asinSL1.

SL4 —Exclude animal production

The user has to input the number of ewes and the average weight. The @sts of this courtermeasure
are the loss of grossmargin and the disposal costs of the ewves, as discussed in DY 4. Grossmargin
figures per 100 ewes are given in SAC (1998 p213). Disposal costs for lambs are excluded since
they are nat present onthe farm all yea roundand their weight varies greatly over time.

There ae no benefits to the farm resulting from this countermeasure.

SL5 —Fatten on clean roughage

The animals are fed their usual diet except that contaminated roughage is replaced with
uncontaminated hay. The user is asked to confirm that the existing supply of roughage is
contaminated and hes to enter the number of finishing lambs. The required feading period is 60
days for Depasition Scenario 2 and 90 days for Scenario 3. A cost for hay of £60/t is used athough
it isrecognised that the price varies by morth, typically from £45-80 per tonne (SOAEFD, 1998. It
is asaumed that the feeding of any concentrate is unaltered.

Asfor SL1, the benefit of this countermeasure is taken as the maintained income derived from the
sale of the finished lambs (£40ead).
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SL6 —Afforestation

The costs of this countermeasure ae the same & for SL4. The user has to specify the number of
ewes, their average weight and the aeato be dforested. The benefit is the gross margin gained
from aff orestation (£ 166ha* yea™), as explained for DY5.

SL7 - Administer AFCF and fatten on clean roughage
Thisis costed as acombination o SL1 and SL5.

SL9 —Apply K fertiliser

The user inpus required are the size of the area to be treated and the aurrent annual rate of
patassium appli cation onthat area. Application rates expressed as K,O have to be divided by 1.2to
derive the weight of K. The aurrent application rate can then be subtraded from the
courtermeasure gplication rate of 100 kg of K per hedare per yea. A purchase gt (as KO or
potash) of £220 per tonne (SOAEFD, 1998 pB) is assumed. Further costs arise through the
additional labour required for the spreading. It is assumed that equipment for fertiliser spreading is
avail able on the farm. A spreading rate of 3 hedares per hour and alabour rate of £6 per hour were
applied. The area to be treated should agree with the area of land that is alitable for the
courtermeasure, as assessed in the Countermeasure Selection Wizard.

For the reason oulined in SL3 the benefit is regarded as the maintained income from the sale of the
finished lambsin proportion to the feed contribution d the treated area.

5.2.3.Upland/hill sheep production

Upland/hill sheep management in Scotland can involve the production of finished lambs for
slaughter as well as store lambs that are sold for fattening elsewhere (typicaly to lowland farms).
To acommodate dl common variations in management the CeserDSS would have required
implementation of many options. A compromise is to calculate the asts and kenefits for specific
farming systems and then allow the user to edit the variables (e.g. grossmargin and sale prices) to a
figure gpropriate to their management practice The default figures within the DSS are based on
management for 'upland crossbred breeding ewes/finished and store lamb production’ as described
in the Farm Management Handbodk (SAC, 1998 [212/3). This assumes that per 100 ewes, 98
finished lambs and 50store lambs are produced. An assesanent of farms that only produce store
lambsis possible if the number of store instead of finished lambs is entered and economic variables
are edited acordingly.

SU1 - Administer AFCF

The costs and benefits are alculated as for SL1. Similar to lowland sheep farms, finished lamb
production is only part of the total farm upland/hill income. An income figure based on the farm
gate price of the finished lamb, £40 m@r lamb, (SAC, 1998 1213) is applied. If the farm only
produces animals for fattening elsewhere (store lambs), then the user has to edit the pricefigure to
reflect this, i.e.£34 per store lamb. This change would only affect the benefit estimate.

SU2 —Improveland

The user is queried onthe availability of ploughing equipment and the size of the aeato be treaed.
If aplough is available the costs consist of labour, seed, lime, fertiliser and sowing. If nat, there are
additional costs due to a ploughing contractor’s charges. All relevant costs are in SAC (1998 p111
and p3®/7). It is assumed that no animals will be on the land during the sward establi shment,
impaosing a further cost for the hire of grazing elsewhere for the first season. Typically, the charge
for letting permanent pasture is £150per hectare (SAC, 1998 p46).

The only benefit is considered to be the maintained gross margin from upland sheep production
(£3937 m@r 100 ewes, SAC, 1998 p213), which is based on the number of ewes on the farm, as
specified by the user. This assumes that the whole farm production bkenefits from the
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courtermeasure. However, if only avery small part of the farm is improvable, the number of ewes
entered could be reduced to reflect a smaller benefit. The gross margin estimate assumes that the
farm finishes lambs for slaughter. If the farm sells animals for fattening el sewhere the grossmargin
estimate needs to be alited.

SU3 —Intensify use of improved land

The user enters the area of improved land to be treated and the total number of ewes on the farm.
Resedaling is regarded as an additional cost in the first yea only and will be caried out in the
normal rotationin the following yeas. Assuming that a plough is available on the farm, the costs
are for the seed and additional labour for the ploughing, fertilising and sowing. Fertiliser costs will
vary as they depend on the grazing intensity on the improved land. A cost at the lower end d the
range shown in SAC (1998 has been applied here, taking no acount of the current fertilisation
rate (a future improvement in the calculations would be to take account of the existing fertiliser
applicationrates). The alditional labour cost is based onthe ploughing, fertilising and sowing work
rates shown in SAC (1998 p301). Asin SU2, it is assumed that no animals will be on the land
during sward establishment, so a further cost is included for the hire of grazing elsewhere in the
first year.

The benefit isthe maintained grossmargin from upland sheep production, asfor SU2.

SU4 —Limethe sail
The cost and benefit cdculations for this countermeasure are the same & those used for SL3.

SU5 —Apply K fertiliser
The calculations of SL9 are gplied.

SU6 —Sell early for fattening

In this countermeasure the lambs are weaned early and immediately sold for finishing outside the
contaminated area. Consequently the ast to the farm is dependent on hav the animals are normally
sold. If the animals are usually finished for daughter then the cost is the difference between the
prices for finished and weaned. If the animals are sold for fattening elsewhere the st is the
difference between the prices for store and weaned animals. No market price eists for weaned
lambs  a price of £0.80 r kg is assumed (SAC, pers. comm.). The user enters the number and
weight of the ealy weaned lambs. Store and finished prices are from SAC (1998 p23B).

The benefit to the farm is the reduced variable st for feed, veterinary services, etc. It is assumed
that thisis equivalent to half the variable asts given in SAC (1998 p213) for farms that normally
sell for daughter and a quarter for farms that normally sell for fattening elsewhere.

SU7 —Exclude animal production

The costs and hbenefits of this countermeasure are similar to SL4 with the number and weight of
ewes gedfied by the user. Grossmargin figures for upland sheep production are used (SAC 1998,
p213. No on-farm econamic benefit is assumed.

SUS8 - Afforestation

The costs of SU7, i.e. the loss of gross margin and the shee disposal cost in the first yea, are
applied. The benefit is the grossmargin from aff orestation and an estimate of £50 pr hectare per
yea is cdculated based on the figures of SAC (1998, p45). This includes a deduction due to
certain grants not being avail able under upland /hill conditions.

SU9 —Fatten on clean roughage

The costsare similar to SL5. The animals are fed their usual fattening diet except that contaminated
roughage is replaced with urcontaminated hay. The user is asked to confirm that the existing
suppy of roughage is contaminated and has to enter the number of finishing lambs. For Depasition
Scenarios 1 and 2the fealing periodis 63 days and for Scenario 3it is 105 days. The benefit of this
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courtermeasure is the maintained income derived from the sale of the finished lambs (£40/finished
lamb, SAC 1998 p213.

SU10 Fatten on clean concentrate

The costing follows the goproad used in SL2 assuming that the farm finishes lambs. The benefit of
this countermeasure is the maintained income derived from the sale of the finished lambs, £40each
(SAC, 1998 [213).

SU11 —Sell for fattening

Thisis different to SU6 in that the lambs are sold for fattening after one grazing season. As aresult
the cost to the farm is the difference between the finished and store prices, i.e. £40 per finished
lamb and £34per store lamb (SAC, 1998 p2B). The user enters the number of lambs normally
finished.

Asin SU6, the benefit to the farm is the reduced variable costs due to early sale. Thisis asaumed to
be equivalent to 25% of the variable asts, applied to the typical number of finishing lambs relative
to the total number of ewes onthe farm (SAC, 1998 p23).

SU12 —Administer AFCF and fatten on clean roughage
Thisisa combination of SU1 and SU9.

SU13 —Administer AFCF and sell for fattening
Thisisa mmbination of SU1 and SU11.

SU14 —Administer AFCF and intensify use of improved land
Thisisa combination of SU1 and SUS3.

SU15 —Administer AFCF and apply K fertiliser
Thisisa combination of SU1 and SU5.

SU16 —Administer AFCF and improve land
Thisisa combination of SU1 and SU2.

5.2.4.Lowland beef production

In Scotland cattle ae finished throughou the year, but in order to generate meaningful margin
figures, production is usualy divided into summer (outdoor) and winter (indoor) finishing céttle.
For the st assesgnent it is assumed that in a courtermeasure situation all animals will be finished
indoors. In the DSSit is assumed that beef farms breed and fatten cadves using the management
described in SAC (1998, pl%) as '23-24 month bed from April/May born caves for medium
frame beef cross $eas. If the user wishes to assess the @sts for store cttle bought in for finishing
or any other type of management, the gross margin and variable costs have to be dlited
acordingly.

BL1 —Administer AFCF

For winter finishing beef, direa administration of AFCF is preferred. The countermeasure for
outdoor finished beef (AFCF in boli or feedblocks) is considerably more expensive and not very
reliable. A minimum feeding period for winter finishing catle of 40 days is required, bu a period
of 60 days is asauumed, to alow a safety margin. The AFCF cost is £0.02 per animal per day
(Brynhildsen et al., 1996). The user has to specify the number of beef cattle finished onthe farm
ead yea. It is assumed that this countermeasure will not be goplied to store cattle, grown for
fattening elsewhere. Store animals, ornce sold, will undergo afinishing period much longer than the
courtermeasure feeding period and it is therefore more dfective to apply the muntermeasure on
the farms that fatten the animals. However, if for politicd or other reasons, it was desirable to apply
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the countermeasure prior to sale then the user can edit the gpropriate variables within the
CeserDSSto reflect this.

The benefit is the maintained beef gross margin, for medium frame beef cross see's (SAC, 1998
pl195.

BL2 —Limethe soil
The cost calculations and assumptions for this countermeasure follow the methods described for
SL 3. The benefit is the maintained beef margin for medium frame bed cross $eers (SAC, 198

pl195.

BL 3 —Fatten on clean feed

The animals are fed their usual diet except that contaminated roughage is replaced with
uncontaminated hay. The user is asked to confirm that the eisting supply of roughage is
contaminated and hes to enter the number of beef cattle finished onthe farm. The fattening period
is taken as 40 days and a hay price of £60 per tonne is used (SOAEFD, 1998 pB). It is asaumed
that the animals are normally fed with bought-in (uncontaminated) concentrate and as a result there
isnoadditional cost burden to the farm.

The benefit of this countermeasure is the maintained gross margin (seeBL1).

BL4 - Afforestation

Afforestation results in the loss of the bed margin (seeBL1) and will aso incur animal disposal
costs in the first yea. The user has to supply information onthe number and average weight of
finished beef cattle. It is assumed that the animals will be disposed to landfill, at £25 per tonne, as
in DY 4. Disposal costs arising for other cattle, e.g. suckler cows, bulls, calves are arrently not
included in the software but can be easily cdculated and added.

The benefit of this countermeasure is the margin derived from aff orestation for which the user
needs to input the areato be afforested. The net present value estimate of SAC (1998 p465 has
been used and an annuel equivalent factor conversion of this value has been used as the per annum
margin (Lumby 19917).

BL5 —Exclude animal production
The costs are the same & for BL4 but there will be no economic benefit to the farm.

BL7 —Apply K fertiliser
The cost calculations and assumptions of SL9 are used, kut the benefit calculation is assumed to be
the maintained grossmargin to the farm.

5.2.5.Upland/hill beef production

Upland/hill beef production is assumed to involve breading of calves, either for fattening on the
farm or sale & store cattle (seeaso comments in section 5.24.). In the DSSthe default values are
for bed farms that breed and fatten calves using the management described in SAC (1998, [d95) as
'23-24 month beef from April/May born calves for medium frame bed cross seas. If the user
wishes to assessthe wsts for store cdtle sold to other farms or any other type of management, the
gross margin and variable costs have to be alited accordingly. The gpropriate number of store
instead of finished animals $hould be specified.

BU1 —Administer AFCF

The user only needs to enter the number of finishing catle on the farm. The st of AFCF for
upland beef production will vary with deposition scenario. For Scenarios 1 and 2,three boli per
animal will be required (@£3.50eac) over 40 days. Scenario 3requires AFCF to be administered
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for a full year. As for SU1, the default variables used assume production of finished animals.
However, should the user wish to apply this countermeasure to store animals that will be finished
elsewhere, then the gpropriate st variables can be alited to reflect this.

The benefit is the maintained beef gross margin for medium frame beef cross seas (SAC, 1998
pl195.

BU2 —Improveland
The costing methodis as for SU2. The benefit is the maintained margin (asin BUL).

BU3 —Intensify use of improved land
The costs of this countermeasure ae the same a for SU3 and the benefit is the maintained gross
margin (asin BU1).

BU4 —Apply K fertiliser
The caculations of BL7 are used.

BU5 —Limethe soil
The cost and benefit cdculations for this countermeasure are the same & those used in BL2.

BU6 —Sdll for fattening

The cost used is the difference in farm gate price between finished and yealing bed cattle, for
which the number of finishing catle is entered by the user. The benefit is the reduced variable wst,
approximately £125per animal, assuming a 50% reductionin costs (SAC, 198 pl1%).

BU7 —Exclude animal production

Excluding animal production means the total loss of bed margin (SAC, 1998 p195. In the first
yea thereis also the st of animal disposal, as explained in BL4. There are no onfarm benefits
asaumed for this countermeasure.

BUS - Afforestation

The costs are & in BU7 but the benefit is the margin gained from afforestation. In an upland
situation this is assumed to be £50 per hectare per yea (based onthe aop margins in SAC, 1998,
p465 which includes a deduction for grants that do rot apply to upland/hill situations.

BU9 —Fatten on clean feed

The cattle are fed urcontaminated roughage and concentrate during the last part of the fattening
period, wing the same proportions as in their normal diet. The user is asked to confirm that the
existing roughage is contaminated. The cculations are based onthe feeding period (40 days for
Scenarios 1 and 2, 1® days for Scenario 3), daily feed requirement (5.9 kg/day DM hay) and price
(hay £6Q'tonne). It is assumed that all concentrate is bought in andis uncontaminated.

The benefit isthe maintained margin (asin BUL).

BU10 —Administer AFCF and improve land
Thisisa combination of BU1 and BU2 and is costed accordingly.

BU11 —Administer AFCF and intensify use of improved land
Thisisa combination of BU1 and BU3.

BU12 —Administer AFCF and apply K fertiliser
Thisisa combination of BU1 and BU4.
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5.2.6.Management of red deer

In Scotland hunting of wild red deer generally takes place onlarge privately owned sporting estates
in upland and hill areas. Income is derived from the sale of venison and fees for hunting. The
number of red deer in Scotlandis estimated at 300 000(Red Deer Commisson, 199).

DEL1 - Fedal hay with AFCF during autumn/winter

It is asumed that AFCF is fed at a rate of 0.4g per animal per day (the same & for beef; specific
datawere not avail able) with the feeding period varying by scenario. A feeding period d 60 daysis
required for Scenarios 1 and 2, while for Scenario 3, AFCF feading would be required for a full
yea. For al scenarios hay should be fed for aminimum of one month. A price of £60 per tonre of
hay and a feeding rate of 1.2 kg DM per day (Clutton-Brock et al., 1989 are assumed. The user
needs to estimate the number of red deer stags and hinds present on the land/estate, the number of
stags and hinds that will be killed by fee paying hurters, the number of dee shot in total and the
estimated average weight of the stags and hinds shat. It is assumed that all carcasses are sold for
venison.

The benefit of this countermeasure would normally be regarded as the maintained deer margin, but
this has not been found in the literature. A simple estimate for the benefit is the maintenance of
income from stalking (a UK term for hunting) and the sale of venison. Stalking income is
cdculated by multi plying the number of red dee stags and hinds killed, by the typica stalker’s fees
(taken as averages of fees found in stalking advertising material). The maintained venison income
is derived from the average price paid by dealers (SNH, pers. comm.).

DE2 - Improve grassland on mineral soils and feed hay with AFCF during autumn/ winter
The calculation for the st of feeding hay with AFCF is the same & above in DE1 and the st of
improving the grasdand depends on the avail ability of ploughing equipment as described in SU2.
No dred allowance has been made for the option d improving grasdand in a less intensive way,
i.e. by only applying fertiliser but not ploughing and resealing. The benefit is the maintained
income from the sale of venison and the fees from stalking (as described in DEL).

DES5 - Afforestation

For all other farm types the aost of this countermeasure has been the loss of current margin plus the
animal disposal cost. It is highly unlikely that landowners would choose to incur costs by disposing
of deer. It is therefore asumed that the animals will be left to migrate dsewhere and no disposal
cost is included. Cost estimates in the form of gross margin figures for wild deer have not been
foundin the literature. In the same way as for the benefit calculations in DE1 and DE2 it is
asamed that the cost of this countermeasure is the lossof income from bath the sale of the aulled
deea and the fees generated from stalking.

The benefit is the margin derived from forestry, estimated to be £50 pr hectare in an upland/hill
situation (see BUS).

DES6 - Cease hunting

The cost of ceasing hurting will be the lost gross margin. However, as mentioned, this was not
avail able in the open literature and the cost caculations of DE5 are therefore used. No econamic
benefit from this countermeasure is assumed.

5.2.7.Arable crop production

Only the crops most commonly produced in Scotland are cnsidered in the Decision Suppat
System, namely winter whea, spring barley, winter barley, paatoes, swedes and winter oilseed
rape, each crop being assessed separately. The areato be treated should always agreewith the aea
of land that is suitable for the ocountermeasure, as assessd in the Countermeasure Selection
Wizard.
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CE1 - Deep plough

Two input variables are required from the user: the existing crop and the aop area Deep ploughing
islikely to have some dfed on crop yield but this has not been quantified for the wsting element
in the DSS However, the user can edit the margin per hectare variable to reflect any change in
yield. Deg ploughing requires equipment that is unlikely to be avail able on most farms. Therefore
contractors charges of £35per hectare are assumed (SAC, 1998,p3(b) as a one-off cost.

The benefit is the maintained crop gross margin, which depends on the existing crop and yield. All
crop marginsarein SAC (1998, p.1279).

CE2 - Skim and bury

Skim and buy ploughing requires gecial equipment and a contractor cost of £35 per hectare (asin
CELl) is assumed. This countermeasure is likely to have adlight effect on crop yield bu this loss
has not been quantified within the DSS The benefit i s calculated in the same way as for CE1.

CE3 - Shallow plough and apply K fertiliser

The user is required to spedfy the eisting crop, the crop area suitable for treatment and the aurrent
annud K fertiliser application rate (the user has to convert K,O to K by dividing by 1.2). The msts
for this countermeasure ae the labour costs for ploughing and fertilising plus the st of the
additional K fertiliser. The labour cost is based on work rates of 0.9 he/hr for ploughing, 3 helhr for
fertilising, and skilled labour costing £6 per hour (SAC, 198 p3Q/7). It is possible that the
courtermeasure ploughing could be timed to coincide with the normal ploughing operation, in
which casethe only cost isthe alditional fertiliser. The user can edit the variables accordingly.

The benefit isthe maintained crop gross margin, which varies by crop.

CE4 - Shallow plough and apply lime

The costs for this courtermeasure are the additional labour costs for ploughing, the @ntractor’s
cost for liming and the cost of the lime. These are based on awork rate of 0.9 ha/hr for ploughing, a
liming contrador’s cost of £6 per hectare (SAC, 1998 (801/7) and a lime price of £30 per tonne
(SOAEFD, 1998 pB). The benefit is the maintained crop gross margin, which differs by crop type.

CES5 - Change crop typeto winter sown oilseed rape

A change in the aop type means a loss of the existing crop margin bu a gain of the new crop
margin. All crop margins (per hectare) are from SAC (1998. The user needs to input the current
crop and the areaon which it is grown. No costs have been assumed for the wnversion to a new
croptype.

CESG6 - Afforestation

The cost of afforestation is the loss of the existing crop gross margin. The benefit is the gain in
forestry margin. A lowland forestry margin, as described in DY5, is used. The user is required to
input the existing crop and the areaonwhichiit is grown.

CE7 - Leavefallow
Leaving land fallow means the total lossof crop margin (SAC, 1998) with no onfarm benefits.

CE10- Shallow plough, apply K fertiliser and lime
Thisisa combination of CE3 and CE4 and is costed aacordingly.
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6. Limitations and Suggestionsfor I mprovements

This final section sets out the strengths and weaknesses of the Econamic Assessment of
Courtermeasures presented and outli nes opportunities for improvements.

6.2.Strengths

All impads of the muntermeasures that are economicdly relevant are brought together in the
methoddogical framework of cost-benefit analysis (CBA). This is advantageous in that it sets out
impads in a transparent and consistent way; it alows aternative countermeasures to be ranked in
terms of their net social benefit; and it allows individual countermeasures to be judged in terms of
their econamic efficiency.

Many of the significant environmental impads of countermeasures have been quantified in
emnamic terms. Origina per-hedare estimates for the net econamic impad of landscgpe change
due to countermeasures have been produced in a novel application of the contingent valuation
method. Extremely comprehensive estimates of the farm-level costs of alternative countermeasures
have been produced.

Through incorporation in the CeserDSS onfarm costs and benefits can be eaily evaluated by
dedsion makers for a range of countermeasure options. The Cost-Benefit decision rule can aso be
compared with the multi-criteria analysis incorporated in the DSS

6.2. Weaknesses

The CBA methoddogy represents a considerable simplification of the decision making situation. In
reality, criteria other than social efficiency are likely to beimportant.

Cost estimates for many environmental impads of countermeasures are ladking, e.g. changes in
biodiversity, soil poll utants, soil organic matter and landscgpe quality other than those covered in
the contingent valuation survey. A partial equilibrium budgeting approach was used in estimating
farm-level costs. This does not allow for wider effects due to adjustments in management at the
farm level, or for regiona/national impads of countermeasures on input and ouput prices. In
costing the benefits of countermeasures, necessary price reductions, resulting from countermeasure
effeds on consumer confidence, were only estimated for milk and lamb.

6.3.0pportunities

Thereis no conceptual reason why, with additional resources, missing values for the environmental
costs mentioned in Chapter 6.2.cannot be filled in through original empiricd work.

In order to adjust predictions of farm-level costs for knock-on eff ects on the farm, the DSS could
be linked to programming models of representative farm types using the Farm Accourtancy Data
Network information. This could incorporate different levels of relative risk if MOTAD-type
(Minimizations of the Total Absolute Deviations) models were used. In order to adjust predictions
of farm-level costs for changes in input and product prices, regional/national Computable General
Equilibrium models could be utilised. Alternatively, elasticity estimates from existing models could
be used.

The CeserDSS or a modified version of it, is a very powerful tod for alowing people to explore
courtermeasure options using CBA. CBA is often criticised as being a “bladk box” technique, yet
the DSSallows users to see &actly how benefits and costs stack up as countermeasure options and
exogenous parameters (such as labour costs and crop prices) change. In this nse, the DSScan be
seen both as a very useful educdional tool and a means of promoting the use of environmental
CBA in decison-aiding.
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Appendix | - Countermeasur e Descriptions
Taken from Salt et al. (199%)

Shallow ploughing

Shallow ploughing aimsto bury the radionucli des that have been deposited onthe soil surface, thus
reducing root uptake by plants as well as external exposure and risk of inhalation from
resuspension. Repeated shall ow ploughing has no added benefit.

Performance and effectiveness

Soils are ploughed with a mouldboard plough to 25cm depth. On arable land it is recommended in
combination with application of lime or potassium. The @ntaminated crop should either be
removed before ploughing or if the biomassis not too great it can be ploughed in. On permanent
vegetation shallow ploughing is part of the following countermeasures. @) creating improved
grasdand, b) intensifying the use of existing grasdand, and c) converting improved grasdand to
cereal cultivation to produce @ncentrate for feading to dairy cows. The decontamination factor is
asamed to be 2-4.

Sde-effects

Shallow ploughing will i ncrease the risk of erosion where bare soil surfaces occur or the density of
plant cover is reduced. Soil organic matter will deaease on soils that have been previoudy
und sturbed such as those under semi-natural or improved pasture. Both erosion and loss of organic
matter can leal to loss of nutrients (e.g. nitrate and particulate phaosphorus) and toxic micro-
polutants in runoff and leachate. These substances may read ground o surface water leading to
eutrophication o pollution with pdentia impads on fisheries, recredaion, dinking water
abstraction and functioning of ecosystems. Ploughing in areas of semi-natural vegetation as part of
pasture improvement could change the biodiversity if large aeas were treated.

Dee ploughing

The aim of the muntermeasure is to buy the contamination degoly by inverting the soil. This
significantly reduces uptake by plant roots as well as external exposure to humans and risk of
inhalation from resuspension.

Performance and effectiveness

The sail is ploughed once to 50 cm with implements such as forestry ploughs or other special
ploughs. In the CeserDSSit is only recommended onarable land and is assumed to be followed by
agricultural management as normal. The contaminated crop should either be removed before
ploughing or, if the biomassis nat too grea it can be ploughed in. This type of ploughing may
produce high ridges if the spacing is not narrow enough, and shallow mouldbcard ploughing and
other forms of tillage may be necessary to create an even surface ldedly the spacing shoud be
sufficiently narrow to invert the soil into the previous furrow. Poor structure of the subsoil brought
to the surfacemay also necessitate further tillage eg. harrowing and dsking. A decntamination
factor of 10is assumed.

Sde-effects

Side-eff ects on arable land will be loss of organic matter and of nutrients as the topsoil is buried. If
after deg ploughing, fertilisation rates are kept at norma levels some nutrients may become
deficient. Phosphorus lossesin runoff are likely to decreases due to the lower P status of subsoils. It
will take many yeas to build up organic matter and improve the soil structure. The quality and
quantity of agricultural produce will be reduced. The impad on erosion will depend greatly on the
nature of the subsoil which may be less or more erodible than the original to topsoil .
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Skim and burial

Thistedhnique aimsto buy the mntamination by skimming off the top 5 cm of soil and burying it
at depth. This significantly reduces uptake by plant roots as well as external exposure to humans
and risk of inhalation from resuspension.

Performance and effectiveness

Using a specialy designed skim and buy plough, the top 5cm of soil including the contaminated
surface layer are buried at 4550 cm depth (Roed et al., 196.). In the CeserDSS it is only
recommended onarable land and is assumed to be followed by normal agricultural management.
The contaminated crop should either be removed before ploughing or, if the biomassis not too
gred, it can be buried (e.g. grassturf) in the process A decontamination factor of 10 or better is
asumed. Avail ability of the equipment may limit applicaion d the cuntermeasure.

Sde-effects

Side-effects on arable land will be some loss of organic matter and of nutrients, as part of the
topsoil is degly buried. It is assumed that the nutrient status can be restored through fertilisation
but it will take longer to restore the organic matter status. No significant changes in losses of
phaosphorus and nitrogen are expected. The quality and quantity of agricultura produce will be
reduced, but to a much lesser extent than after degp ploughing.

Application of potassium

This courtermeasure is designed to reduce the plant uptake of radiocaesium. Addition o potassium
to soilswith alow K status, significantly increases the pool of available potassum. This lowersthe
ratio of Csto K in the soil solution and thus reduces radiocaesium uptake by plant roots.

Performance and effectiveness

Potassium fertiliser in granular form is applied annuely at a rate of 100 kg/ha of K, either to the
soil surface of grazed pastures or ploughed into the soil on arable land. A decontamination factor of
2.5isassumed for suitable soils.

Sde-effects

Side-effects include slightly enhanced mineralisation of organic matter and a change in the
composition d the soil solution which may lead to leaching of nutrients and pdlutants. This could
cause deficiencies or toxicities, thereby reducing the quality of agricultural products and adversely
affeding animal health. Potassium may promote plant growth on K limited soils but changes in
biodiversity are unlikely.

Application of lime

This courtermeasure is designed to reduce the plant uptake of radiostrontium. Addition d lime to
soils with a low calcium status, significantly increases the pod of available alcium. This lowers
theratio of Srto Cain the soil solution and thus reduces radiostrontium uptake by plant roats.

Performance and effectiveness

Agricultural limeis applied bi-annually at arate of 2t/ha of lime (CaCOs) either to the soil surface
of grazed pastures or ploughed into the soil on arable land. A decontamination factor of 2.5 is
asaumed for suitable soil s.

Sde- effects
Side-eff ects include enhanced minerali sation of organic matter and a change in the composition of
the soil solution, which may lead to leaching of nutrients and pollutants. This could cause
deficiencies or toxicities, thereby reducing the quality of agricultural products and adversely
affeding animal hedlth. Liming of add soils may improve plant prodictivity and increase
biodiversity.
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Pasture improvement (upland sheep, beef, deer)

Rough grazing land may be anverted to better quality pasture. The courtermeasure relies on a
combination d effects. Through ploughing all radionuclides are buried. Fertilisation promotes
‘growth dilution’ of radionuclides in plants. Improvable soil s typically have afairly high mineral
content and thus lower soil-plant transfer of radiocaesium. Application of potassum and lime
increases K/Cs and CalSr ratios in the soil solution thus lowering relative plant uptake of
radiocaesium and radiostrontium. Sown grasgdclover swards have a lower potential for
radiocaesium uptake compared to some of the indigenous plant species.

Performance and effectiveness

Small areas of rough grazing land on upland/hill farms are converted to better quality grassland by
ploughing to 25 cm, fertilising (N-P-K), liming and sowing of a grass/clover mix. Nitrogen is
applied as nitrate (NO5) rather than ammonia (NH,") to avoid mohilisation o radiocaesium. It may
be necessary to degy plough to destroy an existing iron pan. Woody vegetation may need to be
burnt off initially. Improved areas need to be maintained by annual fertilisation and periodic liming
and reseeding (a5 yea interval is assumed). Livestock would be grazed onthese areas in order to
lower their radiocaesium and radiostrontium cortamination pior to sale or daughter. A
decontamination factor of 4 or better is assumed.

In the management of red dee this countermeasure shoud be used preferably on mineral soilsin
valleys. It is recommended to be combined with feeding of AFCF treated hay. The effectiveness
very much depends on hav many deea will be attracted to these aeas. This is most likely when
natural feed sources are scarce eg. in autumn and winter. By this time stags are in poor body
condtion and have little market value, while hinds are generally in better condition. Thus it is
suggested that the countermeasure will work best for hinds and they shoud not be hunted urtil at
least 1 month after the feeding has garted.

Sde-effects

Scores in the DSSare based onsmall to medium sized areas being improved (lessthan 25% of the
farm area). This limits the overall impad at the farm level. Side-eff ects are a combination o those
described for shallow ploughing and for liming and K application with the alditional risk of
phosphorus and nitrogen losses. Positive dfects on animal welfare as well as product quantity and
quality are expeded as more high quality grazing is provided. The impad on biodiversity may also
be positive since adifferent habitat is introduced and grazing presaure on other land is dightly
reduced. Based on the CESER contingent valuation study, the change in landscape quality was
rated as negative if converting from heaher moorland and positive if converting from rough
grasdand a blanket bog.

Pastur e intensification (upland sheep, bed, dee)

Existing improved pasture on wland/hill farms may be managed more intensively to feed more
livestock. The muntermeasure is based on: @) dilution of radionuclides through enhanced plant
growth, b maximising the use of productive mineral soils which have lower radiocaesium transfer
to pants, and c¢) lessgrazing on wnimproved land where, due to the mwmbination o soil type and
vegetation, radiocaesium may be more plant available.

Performance and effectiveness

The applicaion d fertiliser (NPK) and the stocking density are raised from the current to the
highest recommended levels for upland/hill farms. These ae 170 and 125kg/ha of N and P (P,Os)
respedively for mowing gassand 110and 100kg/ha of N and P (P.Os) respectively for grazing
grass 2 livestock units per ha

Grasdand productivity is maintained by regular ploughing, liming and reseeding, caried ou
approximately every 3 yeas. Nitrogen is applied as nitrate (NOs) rather than ammonia (NH;") to
avoid mobili sation of radiocaesium. The decontamination factor for radiocaesium may be gprox.
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2 bu depends onthe specific drcumstances. The eff ectivenessfor radiostrontium is not known.

Sde-effects

As the muntermeasure is based onan intensification of already existing farm management, side-
effeds due to ploughing and application of lime/potassum are thought to be small. Higher
application rates of phospharus and nitrogen may increase the risk of eutrophication with potential
impads on fisheries, recredion, dinking water abstraction and functioning of easystems.
Beneficial effects on product quality and quantity and animal welfare are expected due to increased
intake of high quality grassby livestock.

Changeto oilseed rape

The transfer of radiocaesium and radiostrontium into the food chain may be reduced on arable land
by switching to an industrial food crop. Oilsead rape is used in the production of margarine and
cooking fats. The processing removes a significant proportion of the radiocaesium contamination
sinceit is not transferred to the oil/fat phase. The eff ectivenessfor radiostrontium is uncertain.

Performance and effectiveness

Arable land where crops such as barley, wheat, potatoes or roct crops are hormally grown, can be
used to produce winter oil seed rape. It is assumed that in the main arable aeas of Scotland soil
condtions are not a major limitation. However, it is recommended that oil seed rape is grown in
rotation with other cropsto prevent build-up d diseases. A market hasto be foundfor the increased
produwction. The reduction in contamination may be an order of magnitude or better, though
detailed dataislading.

Sde-effects

Where the original crop was winter barley or winter wheat, erosion is expected to be reduced by
introducing winter oilseed rape. For other crop changes the dfects will vary with soil type, climate
etc and nodefinite trends can be given. Changes in nutrient losses are also highly dependent on the
previous crops. Large aeas of il sead rape ae likely to lower the landscape quality sincethe aop
is not popular in Scotland due to it's connedion with alergies and it's unpleasant smell. Side-
effeds from conversion to spring oilseed rape would be similar though erosion may be dlightly
lower.

Afforestation
In areas where the deposition is too high to continue agricultural food production and the external
dose to humans has to be kept to a minimum, aff orestation may be gpropriate.

Performance and effectiveness

Forestry is established using planting preparation without ploughing to minimise erosion
(moundng). Coniferous trees are planted, idedly by madiine rather than by hand. Annual
herbicide application may be required for severa yeas. No fertiliser is applied. Planting is
restricted to fairly well drained sites to avoid. Poorly drained sites are not suitable & the necessary
drainage could mobilise radionuclides through erosion and rundf. Species choice depends on
climate, soil type, exposure and soil nutrient status. On fertile soils it would be possble to plant a
wider range of trees including broadleaves. This option is currently not included in the DSShbut the
impad scores could be adjusted to all ow it’ s assesgment.

Sde-effects

Over the longterm erosion and nurient inputs to water bodies are reduced. However, the
biodiversity of conifer moncculture is low compared to agricultura land and the dhange in
landscape is generally perceived as negative. If a wider range of trees fedes is planted,
biodiversity will be relatively higher and landscape change may be regarded more positively. It is
possible to adjust the scoresin the DSSacardingly.
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AFCF supplementation

AFCF (ammonium-iron-hexacyandferrate) is a prussian-blue type compound with very low
toxicity. When fed to animals, it binds to radiocaesium making it less available for gut absorption.
This reduces radiocaesium contamination in milk and mea. The Csion remains boundto the irorn+
hexacyanoferrate when excreted in faeces. AFCF should be continucusly present in the digestive
tract for maximum effedivenessand ideadlly added at a rate of 1 g per kg to mixed concentrate.
AFCF has no effed on radiostrontium contamination of milk and mea.

Performance and effectiveness

Dairy cows require approximately 0.4 g AFCF per day. This can be given with the concentrate
ration during milking at least twice per day. This countermeasure is expected to reduce the
radiocaesium level in milk by 80-90%.

Bed cattle should ideally be given AFCF with concentrate or roughage & arate of 0.4 g per day.
Alternatively it is possible to supply the AFCF as boli or in feaed blocks. This countermeasure has
to be used for a minimum of 60 days prior to sale for daughter. It is expected to reduce the
radiocaesium level in mea by approx. 80%.

Lambs during fattening as well as ewes during ladation can be treated with AFCF. All sheep that
are regularly handled or fed supplementary feed should be given approx. 0.1g AFCF per day with
the feal. Free ranging shee can be given AFCF in rumen dwelling badli, in salt licks or feed blocks
containing AFCF. AFCF given daily in feed is expected to reduce the radiocaesium in mea by
approx. 80%, while for the boli, feed blocks and salt licks the expected reduction is 50%.

In freeranging red deer it is recommended that AFCF is supplied in conjunction with feeding of
hay. The dfectiveness of the countermeasure will depend on whether animals use the feeding
places. Thisis only likely when natural feed sources are scarce eg. in autumn and winter. By this
time stags are in poor body condition and have little market value, while hinds are generdly in
better condition. Thus it is suggested that the cuntermeasure will work best for hinds and they
shoud na be hunted until at least 1 month after the feeding has started.

Sde-effects

There ae no known drect effects of AFCF on animal welfare or the quality and quantity of the
agricultural products. Soil erosion will occur locdly around feeding areas but this has not been
included in the DSS In experiments with animal manure it was found that radiocaesium boundto
AFCF may lead faster in arganic and posgbly also sandy soils compared to CsCl. This has been
included inthe DSS

Calcium supplementation (dairy cows)

Dairy cows can be supplemented with high levels of cdcium to reduce radiostrontium transfer to
milk. Increased levels of Ca compete with Sr, thus reducing the anount of Sr transferred to milk.
Ca supplementation will nat aff ect the transfer of radiocaesium to milk

Performance and effectiveness

This countermeasure is only recommended for dairy cows. A daily dose of 200 g per day is
asamed to reduce the transfer of radiostrontium to milk by 40-60%. The higher efficiency will be
observed where the present level of Cain the diet islow (less than 609 /d for dairy cows yielding
ca 20L/d). The Camust be given daily, idedlly in two doses.

Sde-effects

Side-effects on the animal are not expected if the following recommendations are followed: a) Ca
shoud be given as CaCO; rather than CaCl,, because of it’'s corrosive dfect. b) the amourt should
not exceed 2% of the daily dry matter intake and ¢) the CaP should be between 1:1 and 2:1.
However, Ca supplementation may need to be adjusted according to variations in feed (energy and
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minerals) utilisation.

Fatten on clean concentr ate (sheep)
This involves early weaning of lambs followed by fattening indoors on clean concentrate and sale
for dlaughter. The clean concentrate dmost wholly replaces consumption of grass or other

roughage.

Performanceandefficiency

Lambs may be weaned at 4-5 weeks provided that they have acessto palatable aeep feal before
weaning and they consume aou 200 g/d of solid feed. The feeding must be managed to allow
maximum intake of concentrated feed in the lambs, ie fresh dry feed given twice daily, clean
feeding troughs and easily avail able fresh water. Care has to be taken to prevent diseases sich as
coccidiosis, urinary cdculi and muscular dystrophy. The lambs will only consume milk and
concentrated feeds. Radiocaesium and radiostrontium contaminated roughage is therefore not used
for mea production, kut only for breeding animals.

The lambs are expected to accumulate radiocaesium and radiostrontium from the ewve during the
prenatal period and from milk during the nursing period. Assuming a feading period of 90 days
after weaning the muntermeasure reduces the body burden measured at weaning by upto 88%. The
efficiency for radiostrontium is uncertain. Feeding and howsing facilities are required. Thisis likely
to limit the goplication of this countermeasure on wpland/hill farms.

Sde-effects

As the lambs never graze, the grazing pressure on the vegetation and the need for fertilisers are
reduced. This may have paositive dfects on water quality and biodiversity. However, the manure
produced indoors has to be spread onto land. Thus no net reduction in nurient losses from land is
expected. The housing and intensive feeding of the lambs may be perceived as negative with
resped to animal welfare but islikely to improve product quality.

Fatten on clean roughage (shee)

This courtermeasure aims to reduce the intake of radiocaesum and radiostrontium through feed,
and thereby reduce the transfer of these isotopes to mea. This will also reduce the body content of
aready acaumulated radiocaesium and/or radiostrontium.

Performance and effectiveness

This countermeasure is to be used during the fattening of lambs. The contaminated roughage in the
diet, i.e. grass silage or hay, is replaced with uncontaminated roughage withou changing the
composition d the diet. The feeding period varies between 60 and 1% days depending on the
deposition scenario and farm type. A reduction of 80 to almost 100% in mea contamination is
expected (assuming a biologicd half-life of 3 weeks). It may be deger to fatten on
uncontaminated concentrate when roughage is more expensive due to higher transportation cost.

Sde-effects

If roughage is bought in, an equivalent amourt of grasson the farm is not needed. However, side-
effeas are likely to be small due to the limited period d feeding for lambs and the fact that the diet
of the evesisnot changed.

Fatten on clean fead (beef)

Bed cattle ae typicdly fattened ona mmbination of roughage (grass silage, hay or straw) and
concentrated feads, mainly grain and potein sources. To reduce the daily intake of both
radiocaesium and radiostrontium during the last part of the fattening period it is recommended that
bath uncontaminated roughage and concentrate are supplied.
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Performance and effectiveness

Bed cattle (> 1 yea old) are fed urcontaminated concentrate and silage in the same proportion as
usua for 40-100 days as part of winter finishing indoors. Asauming an effective biological half-
life of 19 days, the reductionin mea contaminationis 75 to almost 100%.

Sde-effects

Due to the short duration of the feeding period compared to the whole life span of the aiimal
(approx 2 yeas), the side-eff ects resulting from lessuse of farm-grown roughage and concentrate
are small. Asthetype of diet is not changed no effects on the animal are expeded.

Feed clean concentrate (dairy cows)

Diets for dairy cows are usualy a combination d roughage (grass, silage, hay or straw) and
concentrated feeds, mainly grain and protein sources. To reducethe level of contamination in milk
the diet has to be atered over the whole yea. In many cases it is likely to be more st effedive
and practical to replace part of the roughage with uncontaminated concentrate rather than with
uncontaminated roughage. This countermeasure reduces the dail y intake of both radiocaesium and
radiostrontium.

Performance and effectiveness

Dairy cows are supplied with urncontaminated concentrate to cover 80% of their energy intake
instead of the typical level of 20-30% currently supplied in Scotland. The concentrate should not
acount for more than 80% of the net energy of the total ration because of possible hedlth hazards
to the animals. At feeding levels excealing 60% of net energy, the concentrate should be divided
into at least 4 rations per day. As aresult of this countermeasure acorresponding area of grasdand
will be left fallow. The dfectivenessfor Csand Srin milk is 60-80%.

Sde-effects

Side-eff ects depend gredly on the aurrent level of concentrate feeding and scores in the DSSare
adjusted accordingly. Generally the land use change will lead to a decrease in erosion at the farm
level and an increase in hiodiversity through the introduction d fallow areas. The volume of
faeces/manure will rise, increasing the need for land spreading and thus the risk of nitrogen and
phosphorus losses to water bodies. Ammonia emissons and milk production will i ncrease.

Feed concentrate grown on farm (dairy cows)

Diets for dairy cows are usuadly a combination d roughage (grass, silage, hay or straw) and
concentrated feeds, mainly grain and protein sources. To reduce the overall contamination in the
diet it is possible to replace a significant proportion of the home grown roughage with home grown
barley concentrate. This countermeasure relies on the generaly lower contamination in grain
compared to grass per unit of energy supgied to the animal. It reduces the daily intake of both
radiocaesium and radiostrontium.

Performance and effectiveness

Dairy cows are supplied with hane grown concentrate up to 80% of their energy intake. The
concentrate should not acoount for more than 80% of the net energy of the total ration because of
possible health hazards to the animals. At feeding levels above 60% of net energy the concentrate
shoud be divided into at least 4 rations per day. The countermeasure involves converting some
existing gasdand to barley cultivation and leaving a small area fallow. It is assumed that the
source of concentrate drealy fed to cows remains the same, i.e. imported or home grown, bu that
additional concentrate required to raise the level to 8%, is home grown. The dfectivenessdepends
onthelevel of contamination in the home grown concentrate.
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Sde-effects

Side-eff ects depend gredly on the aurrent level of concentrate feeding and scores in the DSSare
adjusted accordingly. Generdly the land use cange from grasdand to barley will lead to an
increase in erosion and a decrease in soil organic matter. Nutrient losses to water are expected to
increase though this will depend onthe intensity of the original grasdand production. The volume
of faeces/manure will rise, increasing the nead for land sprealing and thus the risk of nitrogen and
phosphorus losses to water bodies. Ammonia emissons and milk production will increase. The
change from intensive grassland only, to a mixture of barley fields, intensive grassland and some
fallow will create agreater diversity of biological habitats.

Early salefor fattening (sheep)

Lambs from upland/hill farms are weaned early and sold to aress that either recaved less
depaosition or have lesscontaminated pastures due to soil type. Thisrequiresintensificationin those
areas recaiving the alditional lambs. If the upland/hill farm has facilities to fatten early weaned
lambs indoors on concentrate, this option can be alternatively assessed inthe DSS

Performance and effectiveness

Lambs may be weaned at 4-5 weeks providing they have acessto paatable creep feed before
weaning and consume éou 200 g/d o the solid feed. The feading must be managed to allow
maximum intake of concentrated fedl, ie fresh dry feed given twice daily, clean feading troughs
and easily available fresh water. Care has to be taken to prevent diseases such as coccidiosis,
urinary calculi and muscular dystrophy. The lambs will only consume milk and concentrated feeds.
Radiocaesium and radiostrontium contaminated roughage is therefore not used for mea production,
but only for breeding animals. The effectiveness of the cuntermeasure depends on the fattening
regime a the farms buying the lambs.

Sde-effects

Since the lambs never graze, the grazing pressure on the vegetation and the need for fertilisersis
reduced, which may have positive dfects on water quality and biodiversity on the farm selling the
lambs. The opposite effects may occur on thase farms receiving the additional lambs. This is not
included in the DSS The early weaning of the lambs may be perceived as a reduction in animal
welfare. Product quantity is greatly reduced and the lambs will fetch a much lower price compared
to dder lambs.

Sell for fattening (sheep/bed)

On updand/hill farms that normally fatten animalsit could be advantageous to sell | ambs and calves
for fattening on other farms. This would be the cse if the roughage on the farm was too
contaminated to be used for fattening but less contaminated feeds were available in aher areas of
the courtry. On many upland/hill farms the sale of store animals for fattening on lowland farms is
part of normal pradice, however, it is dill regarded as a cuntermeasure since it would be
combined with monitoring and dlaughter restrictions.

Performance and effectiveness

It is recmmended that calves auckle for at least 3-4 weeks before they are weaned and sold for
fattening. The milk feeading period may be extended depending on namal farm management.
Lambs are typically weaned at 8 weeks onto pasture and sold after one grazing season. The
efficiency of this countermeasure depends on the fattening regime & the farm buying the animals.
The market for live animals for fattening could limit the number of farms that can use this
courtermeasure.

Sde-effects
By sdlling store animals instead of fattened animals the farmer reduces the level of production and
thusincome. There will be areduction in the demand for grass/silage/hay production, which could
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lower losses of nutrients to water, badies and have some benefits in terms of biodiversity. Farms
elsewhere buying in extra lambs will most likely have the oppasite effects. Thisis not included in
the DSS

Exclude animal production/ leave land fall ow

In situations where the deposition is too high to continue agricultural food poduction and the
externa dose to humans has to be kept to a minimum, it may be gpropriate to leave the land
unmanaged for many yeas.

Performance and effectiveness

All land is left unmanaged, ceasing tillage, fertilisation and harvesting. In anima production
systems it is necessary to destroy the animals. Arable aops can be aandoned though it is not
advisable to leave bare soil due to the risk of erosion and resuspension. Loss of agricultural output
will have to be compensated for by increased prodiction in aher parts of the auntry or through
imports.

Sde-effects

In environmental terms this countermeasure can be regarded as beneficial. Erosion and rutrient
losses to water bodies will decrease and soil organic matter will gradually build up. Effects on
biodiversity are difficult to predict. Gains in some species will be acompanied by losses of others.
If large aeas of agricultural land are left fallow, biodiversity in the long term may be negatively
affeded if habitats become more uniform and shrubs and tress colonise. Trends will depend onthe
presence of wild ranging herbivores sich as red deer. Landscgpe dhange was given a dlightly
negative score auming that most people will nat like the unmanaged appeaance. This was partly
based on results from the Contingent valuation study, which showed a preference for improved
(bright green) compared to rough (greavbrown) grassland. Socia effects on the farming
community will be serious.
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Appendix Il - Descriptions of the Impact Asssgnent Criteria Considered in the
CeserDSS

As®sanent criteria are used in the CeserDSS to characterise the environmental and agricultural
impads of countermeasure application. They were selected using a literature review and expert
judgement. Once acomprehensive list of potential side effects of soil-plant-based and animal-
based countermeasures had been compil ed, the side-eff ects were prioritised to yield the following
list of final assessment criteria:

Erosion andSedimentation

Erosion is the loss of soil through water and wind induced transport. Sedimentation is the
deposition of eroded soil in surface water bodies where detrimental effects on drinking water
quality or biological habitats may occur.

Sdl Organic Matter
The humus content of the topsoil.

Sdl Nutrient Transport to Water
The transport of soil nutrients in dissolved or particulate form in runoff and percolate which may
enter surfaceor groundwater and cause eutrophication.

Sdl Pollutant Transport to Water
The trangport of soil pollutants such as heavy metalsin dissolved o particulate form in runoff and
percolate which may enter surface or groundwater and cause water pollution.

Animal Welfare

The maintenance of animals in good tealth through humane handling, care and treatment. This
entails @) freedom from thirst, hurger and malnutrition, b) provision of appropriate comfort and
shelter, c) prevention, o rapid diagnosis and treatment, of injury, disease or infestation with
parasites, d) freedom from distress and €) ability to display normal patterns of behaviour.

Product Quality
The quality of the ayricultural product interms of it's saledbility.

Product Quantity
The amourt of food (milk, mea, grain, seed, roat crop) produced for sale.

Amnonia Emissions

Emissons of ammonia due to volatilisation from nitrogen contained in animal faeces, urine or
manure or in minera fertilisers. The emisgons from livestock occur during outdoor grazing and
periods of housing, as well as during storage and land spreading of manures.

Biodiversity

The variability among living organisms and the e®logical complexes of which they are part (Rio
Conference 199?). In the montext of the CeserDSSwe have defined hiodiversity as the emlogical
richness of a particular farm type which includes higher plant and animal diversity as well as rarity
and dstinctivenessof spedes and dversity of habitats/ecosystems.

Landscape Quality

The value of alandscape based on known and predicted preferences in Scottish people. Preference
depends on cultural badground, knowledge and educational level. Factors which may play arole
are the percaved ‘naturalness’, diversity and fragility of an area and econamic/recreational val ue.
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Appendix Ill — Example of the Manipulated Images Used in the CESER Contingent
Valuation Information Packs.

Picture 1A WSER Sy moorlandl

This kind of landscape is maintained by low levels of sheep and deer grazing and the burning of the heather.
This promotes healthy heather for grouse and other birds, like Golden Plovers and Merlin.

SR il Change from heather moorland to more productive grassland

More productive grassland is created by regular ploughing, fertilising and seeding. This will support a higher
number of sheep or cattle.
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|Zleiie 2. Heather moorland I

This kind of landscape is maintained by low levels of sheep and deer grazing and the burning of the heather.
This promotes healthy heather for grouse and other birds, like Golden Plovers and Merlin.

ST E Change from heather moorland to forestry

Fast growing conifer trees such as Sitka Spruce are planted in straight lines. The trees are felled in 50-60
years time.
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Appendix IV - Contingent Valuation Questionnaire Applied to a Heather Moorland
Area.

1. I'dliketo ask you hav much importance you think the government shoud give to protecting
the courtryside and environment relative to other isaues. I'd like you to look at the five issues
shown onthis card and rank them in order of importance from 1 for most important to 5 for
least important.

Hedthcae ..
Fundngfor theats ..
Fighting crime ..
Protecting the countryside andtheenvironment ...
Educgion ..

2. This card shows ome of the possible ams of government countryside palicy. Again I'd like
youto look at them and rank them from 1 for most important to 5for least important.

Controlling paluton ...
Protectingthelandscape ...
Protecting rare amimalsand dants ...
Ensuring pudic accessto the cwuntryside ...
Protecting historical sites ...

Most of the land in the pictures is managed by farmers. Many farmers are under pressure from
falling incomes, which might mean that they have to change the way they farm and this will aff ect
the way the countryside looks. For example, they might have to increase the number of animals
grazing the land or they might have to pant fast growing conifer trees onto rough grasdand or
heaher moorland.

| would like to ask you some questions about such changes to an area of HEATHER MOORLAND
shown onthe map in the information pad.

The solid area in the ceantre of the map is the areawe ae talking about and, as you can see it is
within (READ OFF FROM RINGS ON MAP) miles of whereyoulive.

3. Distanceresponaents live from area.

Within 10miles
Between 10and 20miles ..
Between 20and 30miles ..
Between 30and 40miles ..
Gredger than40miles

Within this area heather moorland covers approximately 12 square miles, that is about the size of
Aberdeen. Imagine that the landscape thanges may happen to haf of thismoorland area
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PART A
I'd like you to look at the first set of pictures in the Information Pad and for you to consider a
possible change in landscgpe from heaher moorland to more prodictive grassland.

4. Looking at the picturesin set 1, which o the foll owing statements best describes your view?

| would prefer to seethe whole aearemain
as heather moorland. GOTOQ5

| would prefer to see half of the area diange
to more productive grassand. GO TO Q7

5. Imagine that by paying money into a spedally created trust fund you could help to protect this
heaher moorland. Only by people like you contributing to the fund could the heather moorland
be protected. The more money donated the more likely the moorland could be safeguarded.

a) Would you be willing to make aone-off doration to prevent the loss of half of this
heaher moorland? In thinking about your answer remember that you would have to reduce
spending on something else and there might be other ‘environmental good causes which
youwould want to spend your money on.

Yes _ Ifyes gotoQ5b

No ____ 1Ifno,gotoQ6
b) What is the largest amourt that you would be willing to give?

IFNOT WILLING TO GIVE AT 5aASK
6. Could you tell me why you wouldn't be willing to pay anything?

Now goto Part B

7. Changing the heather moorland to more productive grasdand would be expensive. Imagine that
by paying money into a specially created trust fund you could help to change this to more
productive grassland. Only by people like you contributing to the fund could more productive
grasdand ke aeated. The more money dorated the more likely the change aould occur.

a) Would you ke willing to make a one-off doration to help create more productive
grasdand in haf of this area?In thinking about your answer remember that you would
have to reduce spending on something else and there might be other ‘environmental good
causes which youwould want to spend your money on.

Yes  Ifyes gotoQ7b

No ____ Ifno,gotoQ8
b) What isthe largest amourt that you would be willing to give?

IF NOT WILLING TO GIVE AT 7aASK
8. Could you tel me why you wouldn't be willing to pay anything?
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PART B

Now I d like you to look at the two picturesin set 2 of the Information Pack and for youto consider
a passible change of landscape from heather moorland to conifer forestry.

9. Looking at the picturesin set 2, which of the foll owing statements best describes your view?

| would prefer to seethe whoe aearemain as
heaher moorland. GO TO Q10

| would prefer to see half of the area diange to

conifer forestry. GO TO Q12

10. Imagine that by paying money into a spedally created trust fund you could help to protect this
heaher moorland. Only by people like you contributing to the fund could the heather moorland
be protected. The more money dorated the more likely the moorland could be safeguarded.

a) Would you be willing to make aone-off doration to prevent the loss of half of this
heaher moorland? In thinking about your answer remember that you would have to reduce
spending on something else and there might be other ‘environmental good causes which
youwould want to spend your money on.

Yes  Ifyes gotoQl0b

No ____ Ifno,gotoQ11
b) What is the largest amourt that you would be willing to give?

IF NOT WILLING TO GIVE AT 10aASK
11. Could you tell me why you wouldn't be willing to pay anything?

Now goto Section 3

12. Changing the heather moorland to conifer forestry would be expensive. Imagine that by paying
money into aspecially creaed trust fundyou could help to change this to conifer forestry. Only
by people like you contributing to the fund could conifer forestry be aeated. The more money
dorated the more likely the change auld occur.

a) Would you ke willing to make aone-off doretionto help create conifer forestry in half
of this area? In thinking about your answer remember that you would have to reduce
spending on something else and there might be other ‘environmental good causes which
youwould want to spend your money on.

Yes _ Ifyes gotoQl2b

No ___ Ifno,gotoQ13
b) What isthe largest amourt that you would be willing to give?

IFNOT WILLING TO GIVE AT 12aASK
13. Could you tell me why you wouldn't be willing to pay anything?

30July 1999 47



The CESER Economic Assssment of Counter measures

Sedion 3: Other Information

To help us analyse the results of the survey we would naw like to get some brief details about you
and your household. Like dl the information collected in this survey, this is completely
confidential and anonymous.

14. @) Please could you tell me how many people ajed 16 and over live here?

b) And hav many under 16?

15. Looking at this card, could you dease tel me which number reflects your households
approximate income before tax?

1) lessthan £5,000
2) £5,000-£14,999
3) £15000-£24,999
4) £25000-£34,999
5) £35000-£44,999
6) £45000-£54,999
7) £55000-£64,999
8) £65000 and over
9) Undisclosed

16. Can youtell meif youare amember of these foll owing environmental groups/charities?
Greepeace Friends of the Earth I:l
Scottish WildlifeTrust [ ]
WWF []
[]

Other (please spedfy)

RSB

National Trust (for Scotland)

Joon

Royal Zodlogicd Society

| do nd belong to any such group I:l

17. Can youtell me which of the aye bands onthis card applies to you?

Lessthan18 [ ] 3645 [ ] 6675 []
1825 [] 4655 [ ] 76-84 []
2635 [] 5665 [ | g5and over [ ]
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18. 1 will now rea alist of outdoar activities. Please @uld you tell me whether you take part in
these never, sometimes or often?

Sometimes Often
Never (lessthan 6 (more than 6
times per year) | times per year)

Reaeational Walking
Mountain/hill walking
Mountain biking
Horseriding

Water sports
Camping
Bird-watching
Fishing

Shodating

Scenic Driving

Other (please spedfy)

19. Andfinaly, doyou have any further comments youwould like to make?
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Appendix V - The CeserDSS Sftware
Copyright

© 1999University of Stirling

Whilst the CeserDSS software and documentation are freely avail able they do remain Intell ectual
Property of the University of Stirling.

Disclaimer

Neither the University of Stirling nor the authors make aly representations with respect to the
contents and specifically any implied warranties or fitnessfor any particular purpose of either the
software or the associated manual.

Condtions of Use

The CeserDSS may be fredly downloaded and used for any noncommercial purpose via the
appropriate location within the University of Stirling's website. This processwill require users to
register so that alist of CeserDSSusers can be maintained. No guarantees are made regarding the
acaracy of predictions or reliability of the software, and at al times interpretation of outputs
requires expert judgement.

The University reserves the right to change these conditions of use at any time.

Please visit the CESER project website to download the software;

http://www.stir.ac uk/envsci/ ceser/ceser.htm
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