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Abstract

Nuclear accidents such as Chernobyl have far reaching impacts on ecological systems. Likewise they

have major implications for agricultural systems, since crops and livestock can become contaminated

and rendered unfit for human consumption.  A range of ‘countermeasures’ exists however, which can

mitigate these impacts and allow food products to be saved. The CESER project has been concerned

with the development of a system to assess the environmental side-effects of such countermeasures.

Estimates of the economic costs of these environmental side-effects have been made for a number of

case study sites in the UK, using environmental models and an original contingent valuation study.

Estimates of farm level (private) costs are also included.
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1. Introduction

Nuclear accidents can lead to widespread environmental contamination and have long-term

consequences for the agricultural use of land. The accident at the nuclear power plant of Chernobyl in

1986 contaminated not only Ukrainian, Belorussian and Russian territories, but also large areas of

Europe (Anspaugh et al., 1988) and thus affected a wide range of extensive and intensive agricultural

systems. Transfer of deposited radionuclides from soils to plants and animals resulted in

contamination of farmed as well as wild foods. Measures therefore had to be taken to limit their entry

into the human food chain (Alexakhin, 1993). The radionuclide of most concern in Europe was

caesium-137 with  a half-life of 30 years, while closer to the accident strontium-90, plutonium-

239,240 and others were also present in significant quantities (Eisenbud and Gesell, 1997). More than

ten  years after the event 23 holdings in Scotland (Scottish Office 1998) and ten holdings in England

and Wales (MAFF, 1999) still had restrictions in place preventing agricultural products which exceed

Government limits from entering the food chain.

“Countermeasures” can have considerable benefits by not only reducing the radiation dose to humans

but also in terms of saving food from disposal and preserving farm incomes (Tveten et al., 1998).

Long-term countermeasures encompass a wide range of options that intervene at the soil, plant or

animal level.  There are also measures which alter farm management practices or change the existing

land use (IAEA, 1994). They may target specific radionuclides (i.e. the application of potassium to the

soil, which competes for plant root uptake with radiocaesium) or be effective against all radionuclides

deposited (i.e. supplying livestock with uncontaminated fodder). Practical applications as well as field

and laboratory experiments in the aftermath of the Chernobyl accident have greatly increased our

knowledge of the radiological effectiveness of a wide range of countermeasures (Roed et al., 1995). At

the same time there is an increasing awareness of the potential negative effects of long-term

application of countermeasures on environmental resources and agricultural productivity (Salt and

Rafferty, 2001).

From 1997 to 1999, the European Commission funded a project to investigate the environmental and

socio-economic impacts of countermeasures (CESER - Countermeasures - Environmental and Socio-

Economic Responses). One of the key outcomes was the development and application of methods to

quantify these impacts and incorporate them into a decision support system designed to aid decision

makers in selecting ‘optimal’ countermeasures (Salt and Culligan Dunsmore, 2000; Salt and Rafferty,

2001). The main aims of this paper are to set out the environmental implications of a range of effective

countermeasures applicable to the UK context; and to show how private and environmental cost

estimates can be combined to produce a ranking of these alternatives. For a full account of the

outcomes of the CESER project, see Salt et al. (1999).
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2. Countermeasures and their environmental impacts

This paper outlines an analysis of long-term countermeasures most suited to the selected study

country, Scotland. The time frame for the application of countermeasures and the assessment of their

impacts was set at 10 years to allow modelling of long-term impacts taking into account the potential

effects of climatic variation. The broad groups of countermeasures chosen include ploughing

techniques designed to bury and dilute radionuclides; soil application of potassium and of lime to

chemically compete with Cs and Sr, respectively; changes in the feeding regime of livestock; pasture

improvement; and changing from agriculture to forestry or leaving the land fallow (more details are

given in Salt et al., 1999).

The widespread use of countermeasures would alter the way in which agriculture affects the

environment. For example, changes in the frequency or type of tillage (e.g. deep ploughing) or the

amount of animal manure applied to land are likely to change rates of erosion and nutrient inputs to

water and air. Negative or positive effects on water quality and on emissions of ammonia to air may

result. Similarly, the organic matter status of the soil may be reduced through tillage or application of

lime or may be increased by afforestation or fallow. Afforestation through conifer monoculture is

likely to have a negative effect on biodiversity, while reduced grazing and cutting for hay or silage

may show benefits for biodiversity. The creation of more improved pasture or the planting of forests

will lead to changes at the landscape scale, which may make the landscape more or less appealing to

the public. Environmental impacts will vary across countermeasures and across sites.

3. The CESER methodology

Figure 1 outlines the approach adopted. An initial screening of a wide range of countermeasures was

carried out to narrow the scope of the project using the criteria of radiological effectiveness (relative

reduction in human dose or soil-plant-animal transfer), direct monetary costs, practicability; and

acceptability (e.g. in terms of animal welfare). Study sites representative of the important agricultural

production systems in Scotland were then selected. The countermeasure selection process requires

knowledge of the level of radioactive deposition to predict which food products are most likely to

exceed Government intervention. Four deposition scenarios were selected to represent a range of post

accident contamination levels at varying distance from the site of the accident (see Table 1). Table 2

illustrates how countermeasures are assigned to deposition scenarios using the example of arable

farming systems. Under Deposition Scenarios 1 and 2, radionuclide-specific measures are

recommended whereas at higher contamination levels, the recommended measures will act against all

radionuclides.

Private costs of countermeasures were evaluated using standard data readily available in the literature
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(SAC, 1998; SOAEFD, 1998), and through contacts with farm advisors. Such costs include, for

example, the cost of feed supplements for dairy cows or the cost of additional fertilisers. For

environmental impacts, a review of the literature and expert judgement were used to draw up the

following list of criteria, which are assumed to cover the most important environmental impacts of the

selected countermeasures:

• Erosion and sedimentation

• Soil organic matter

• Soil nutrient transport to water

• Soil pollutant transport to water

• Ammonia emissions

• Biodiversity

• Landscape quality

In addition impacts on the quality and quantity of agricultural products as well as animal welfare were

identified as important. All criteria are further explained in Salt and Rafferty (2001). The ultimate goal

would be to physically quantify and then value all changes in these criteria for each combination of

farm type and countermeasure. Estimating monetary values for these impacts was, on the whole, rather

difficult. For some, such as changes in biodiversity, important conceptual problems exist (such as what

measure of diversity to use), although estimates of the value of specific changes in biodiversity do

exist in the economic literature. For other impacts, such as mobilisation of soil pollutants, no values in

the literature could be found. A further challenge was to obtain cost figures applicable at the farm

scale. Some side-effects, such as ammonia emissions, will have impacts beyond the boundaries of a

farm. There are also problems associated with transferring costs to a set of circumstances for which

they were not originally intended. Differences in environment, culture, economic development and

technology can make a cost estimate derived in one country irrelevant to another. Where major doubts

existed over the transferability of costs, a precautionary approach was applied and the value estimate

was not used (for example, with regard to biodiversity impacts). A further restriction in costing

environmental impacts was that quantitative predictions of the physical impact were not available in

all cases (Salt et al., 1999). We now briefly describe the main types of environmental impacts and the

derivation of cost estimates for these.

Soil erosion
Many countermeasures involve modifications in farming practices that influence rates of soil erosion,

especially if they entail changes in the frequency of ploughing. Much of the literature divides erosion

effects into on- and off-site impacts. Short term on-site impacts can include changes in crop

productivity, fertiliser loss and operational problems. Study of the long-term on-site damage from
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erosion in the UK is very limited. It has been estimated for one area in the south-east of Scotland that

rates of soil loss up to 25 tonnes per hectare per year could be tolerated for more than 200 years before

the land would suffer significant yield losses (Frost and Speirs, 1984).

The largest impact of soil erosion in the UK occurs however out-with the farm (Armstrong et al.,

1990). Some countermeasures will result in increased exposure of bare soil to winter rain, which could

have costly consequences. Evans (1996) lists an average cost of £96.4 per km2 for off-site erosion in

East Anglia. However, the environmental models used in the CESER study quantify erosion as weight

of soil lost per hectare. To convert these estimates into costs, a monetary value per weight of soil is

thus required. Ribaudo (1986) reports such an off-site damage cost of £4.72 per tonne of eroded soil.

We utilise this figure, converted to 1998 pounds sterling. It should be noted that Ribaudo’s estimate of

damage costs relates to off-farm impacts in the US rather than the UK: the absolute value of soil

erosion costs should thus be treated with considerable caution. Both negative and positive cost effects

are possible. For instance, afforesting arable land or leaving it fallow will lead to a long-term decrease

in erosion, whereas, converting dairy grassland to barley production will greatly increase erosion.

Soil organic matter

The effects of agricultural practices such as tillage or liming on soil organic matter are well

documented in the literature (Simard et. al., 1994). Countermeasures that accelerate mineralisation of

organic matter, such as converting grassland to cereal production, improving rough grassland and

liming, may diminish the soil humus reserves. Conversely, afforestation or leaving the land fallow,

will increase the humus level, although this is a slow process. However, monetary values associated

with these changes in soil quality could not be identified.

Soil nutrient transport to water

Changes in the amount of nutrients, in particular nitrogen and phosphorus compounds, reaching a

water course can have considerable effects on water quality. Countermeasures such as afforestation or

cessation of agricultural production may result in drastic long-term reductions in the nutrient inputs to

water bodies. On the other hand, significant increases in nutrient run-off may occur as a result of

changes in stocking density, livestock feeding regimes and soil applications of both manure and

fertilisers. Countermeasures associated with increased erosion are also likely to increase phosphorus

inputs to water bodies (Bärlund et al., 1998). Increased loadings of N and P will increase the risk of

eutrophication (Harper, 1992) with  impacts such as bad taste and odour of drinking water, growth of

toxin-producing cyanobacteria, poor visual appearance, and interference with fishing, bathing and

other amenity uses.

Economic estimates of eutrophication costs have been provided by several authors. Since no relevant
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estimates exist for the UK, we make use of the study by Gren et al. (1995), who used contingent

valuation to assess the costs and benefits of reduced eutrophication of the Baltic Sea. Assuming a 50%

reduction in loadings, the benefits of nitrogen and phosphorus reductions are approximately 32000

million SEK and 3500 million SEK per year, respectively. Based on a 50% reduction, the implied

values are £4.7 per kg of N and £15.2 per kg of P, respectively in 1998 £s. However, we note that

there are problems in using an estimate of environmental damage costs from Sweden to measure

environmental damages in Scotland: both the environmental and social contexts of the damage will

differ.

Soil pollutant transport to water

Countermeasures may have an effect on the quantity of pollutants reaching water bodies. Conversion

of grassland to cereal cultivation on dairy farms will necessitate greater use of pesticides and

herbicides, which may reach watercourses through runoff and percolation. Afforestation may lead to

substantial local changes in the iron, manganese and aluminium levels in water (Stretton, 1984). No

useable cost estimates were found for these impacts in the literature.

Ammonia emissions

In European countries intensive farming is the main source of ammonia emissions (Asman, 1992). The

detrimental effects of ammonia relate to the input of excess nitrogen to ecosystems. Countermeasures

involving changes in intensive livestock systems have the greatest potential  impact on ammonia

emissions. Some data on the costs associated with atmospheric nitrogen exist in the literature, with

costs generally expressed in terms of emissions of nitrogen oxides (eg Tellus Institute, 1991).

Unfortunately, these figures include not only costs associated with ecosystem damage through excess

nitrogen inputs but also the cost in human health effects due to inhalation of NOx. Thus the figures

cannot be transferred to ammonia, which has no known direct impact on human health. Given these

problems, changes in ammonia emissions resulting from countermeasures could not be costed despite

good impact predictions being available.

Biodiversity

Several contingent valuation exercises have been carried out to estimate willingness to pay for the

preservation of rare, threatened and endangered species (e.g. Loomis and White, 1996). However,

obtaining values for single species is not sufficient when attempting to value full biological

diversity. Countermeasures entailing changes in grazing pressure or in land use will affect the

biodiversity on a farm. 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) points out, there is no clear consensus on how biodiversity should be measured. It was also

apparent that no estimates of the economic costs of biodiversity loss appropriate for our case study
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sites existed in the literature.

Landscape quality

Major impacts on the landscape will result from afforestation, pasture improvement and the cessation of

agricultural production. Several contingent valuation exercises have been undertaken to place a value on

particular landscape changes (e.g. Willis and Garrod, 1993; Hanley, Wright and Adamowicz, 1998;

Bullock and Kay, 1996). However, very few have been identified that achieve a valuation for the types

of landscapes which will change due to countermeasures, whilst landscape values can be viewed as

extremely site-specific. Given this lack of applicable data in the literature, an original contingent

valuation exercise was undertaken to place values on two types of Scottish landscape likely to be

affected by afforestation and pasture improvement, - rough grassland and heather moorland. This is

discussed in more detail in Section 4.

In general the largest environmental impacts (negative or positive) arise from afforestation, cessation

of production (fallow) and switching from grass to cereal production. The findings on economic

estimates of the environmental costs of countermeasures are summarised in Table 3.

4. The Contingent Valuation Model

To obtain estimates of the external costs of changes in landscape quality resulting from some

countermeasures, non-market valuation techniques must be employed. In this instance, we chose to

use the Contingent Valuation Method (CVM), since it is capable of estimating both use and non-use

values for environmental goods, although the method is still subject to much criticism (Bateman and

Willis, 1999).

4.1 Survey design

The aim of the survey was to elicit from respondents their estimate of the amount they were willing to

pay to prevent changes in two landscape categories potentially affected by counter-measures in our case

study sites, namely heather moorland and rough grassland. Within each of these landscape categories

respondents were asked to value their willingness to pay to avoid some proportion of the landscape

changing to either productive grassland or coniferous forest. Respondents who preferred the change in

landscape were allowed to make positive bids for this change, which can then be treated as negative

valuations of keeping the existing landscape.

An information pack containing good quality colour photographs and text was selected as the best means

to describe our goods and the changes that could occur to them. In so doing we were conscious of the

‘information overload’ problem and attempted to keep the volume of text to a minimum while ensuring

that there was sufficient information for the respondent to understand our landscape change scenarios.
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The information pack was made up of four pages. The first page describes the contents of the pack and

outlines some of the important issues relating to the particular landscapes that could be lost. In the

heather moorland information pack, for example, we have stressed the importance of heather moorland

as a virtually unique UK habitat. According to Tucker and Evans (1997), 70% of the world’s heather

moorland is found in the UK and just over a half of this is in Scotland. The second page contains a map

showing the area that would be affected by the hypothetical landscape changes. On this map are

concentric circles showing the distance from case study areas at 10-mile intervals. The principal aim of

this map was to allow the respondent to relate the area that could be affected by the hypothetical

landscape change to where they live. One of the questions in the survey asks respondents to give the

distance they live from these areas. The final two pages of the information pack each show pictures of

the baseline and changed landscapes, one page for a change to productive grassland and the second for a

change to coniferous forest. Both of these pages contain two photographic images each with a short

caption describing the management practices that maintain that particular landscape and some of the

animal species typical to the landscape.

Baseline photographs were manipulated with the software package ADOBE PHOTOSHOP Version 4.0

to create pictures of the hypothetical modified landscapes. Other recent CVM exercises using this

approach include Hanley et al. (1998) and Hanley, Wright and Adamovicz (1998), although there are

many instances of its use in other landscape related exercises, for example, in creating a scenic beauty

index to help predict the scenic value of rural landscapes (Tahvanainen, et al., 1996; Tahvanainen and

Tyrvainen, 1998). An advantage of this approach is that all features of the view are held constant apart

from those which researchers desire to change. Two focus groups were run, in which questionnaire

wording, picture selection, and payment vehicle were tested. The payment mechanism was modified as a

result of focus groups, to a specially-created trust fund and a one-off payment per household. A one-off

payment was preferred once the focus group realised the landscape change was to be long-term.

A face-to-face interviewing format was chosen for survey implementation in accordance with NOAA

guidelines (National Oceanic and Atmospheric Administration, 1993). Another recommendation of the

NOAA report is to undertake a scope test, whereby the sensitivity of WTP to changes in the quantity

of environmental good being valued is tested for. Two versions of each questionnaire were thus run

for each landscape category. Half of the respondents were asked to value their WTP to prevent the

landscape change occurring to 50% of the area, with the other half of the respondents were asked their

WTP to prevent the landscape change occurring to 25% of the area. In each case the respondent was

told the initial size of the study site, both in square miles and, perhaps more meaningfully, in terms of

the size of a well known town or city. Note, however, that any one respondent valued one size change

only – this was an “across subjects”, rather than a “within subjects” test. WTP responses were

collected using the open-ended format, which frequently results in lower mean bid values than
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dichotomous choice alternatives.

A pilot survey with the heather moorland questionnaire was conducted near Montrose with around

twenty respondents, and an immediate follow-up feedback session was held with the field workers. The

pilot survey plus feedback session proved useful for simplifying the wording of the questionnaire and in

the creation of interviewer briefing packs. The main survey was conducted over a three week period in

May 1998 in two areas of Scotland, by a market research firm. The sampling areas comprised one

centred on a site near Oban on the West Coast, the other on an area approximately 30 miles to the South-

West of Aberdeen. Each area was selected for being typical of the two landscape types for which

economic valuations of particular landscape changes resulting from countermeasures were required. The

completed surveys were gathered from representative samples of respondents selected from within a 50

mile radius of each area. Given that we wish to estimate the total value of our environmental good, i.e.

the use and non-use value, then it is appropriate to select the samples from the general population of a

geographic area. The questionnaire in the Oban area asked respondents to value their WTP to prevent the

loss of rough grassland to 1) afforestation and 2) productive grassland. A similar questionnaire in the

Aberdeen area sought respondents WTP’ to protect heather moorland from a change to the same two

new landscapes. As mentioned above, positive bids to have the change (rather than prevent it) were also

allowed.

The final versions of the information pack and the questionnaire for the heather moorland CVM can be

seen in Wilson et al. (1999). Socio-demographic questions were included in the questionnaires and

responses to these were used to estimate bid curves for the WTP amounts.

4.2 Survey results

A total of 639 questionnaires were collected. This was made up of 318 questionnaires completed in the

heather moorland area and 321 completed in the rough grassland area. The scope test meant that

approximately 160 questionnaires were completed for each size of area change. The sample proved to be

representative of the Scottish population in terms of age and gender when compared to the latest

published figures in the Annual Report of the Registrar General for Scotland (GROS, 1998. Table 2.1).

An examination of the WTP bids for each of the preferred landscapes suggested that the scope test failed.

Given that these bids proved to be from non-normal distributions, it is statistically inappropriate to

compare means. The alternatives are to either compare medians or to transform the data. Comparisons of

medians, using the Mann-Whitney U test, showed that in most cases the quarter area WTPs are not

significantly different to the half area WTP estimates. The only exception is the rough grassland-

productive grassland landscape change where the null hypothesis that the medians of the quarter and half

area changes are the same was rejected at the 95% level. Overall the CVM data thus fails to pass the

between-subjects scope test and it was therefore appropriate to pool  the two heather moorland data sets,
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and the two rough grazing data sets. A Kolmogorov-Smirnov test was applied to the data to confirm the

appropriateness of this action. It was not possible to reject the null hypothesis that the two size-varying

samples came from identical  distributions. All results from this point on were thus based on a pooled

moorland sample, and a pooled rough grassland sample

In estimating the value of a change in a given landscape it is important to recognise that some

respondents might prefer either alternative (that is, post- or pre- change). This implies including as

negative bids for the habitat of interest, positive bids for the alternative (MacMillan and Duff, 1998).

WTP amounts for those who wanted to protect the existing landscape (say, heather moorland) were

taken as positive figures for heather moorland, whilst WTP amounts for those who preferred the new

alternative (in this case, either forestry or improved grazing) were taken as negative values. The resulting

net figure suggests a preference for the existing landscape if positive and the new landscape if negative.

Table 4 shows the results of combining the WTP data in this manner.

The results suggest that the respondents have a clear preference for heather moorland over both

productive grassland and coniferous forestry. The negative WTP for the change from rough grassland to

productive grassland suggests the respondents prefer the latter landscape but prefer the former to

forestry. This implies a dislike of forestry regardless of the existing landscape and a preference for

heather moorland over productive grassland with the latter preferred to rough grassland. As a check on

construct validity, bid curves were estimated using the WTP amounts as the dependent variable and the

socio-demographic data as the independent variables. Full results may be found in Wilson et al. (1999).

4.3 Aggregating the data

Data aggregation, to derive per hectare valuations for each landscape preference, was achieved by

multiplying the mean net WTP estimates by the predicted number of affected households. To estimate

the number of affected households in each area, a variable representing the distance the respondent lived

from the study site was included in the bid curves referred to above. This “distance-decay” approach to

estimate the relevant population for aggregation purposes has been followed by a number of authors,

including Pate and Loomis (1997), Bateman and Langford (1997) and Moran (1999). For each study site,

the distance from the site at which WTP is predicted to go to zero was derived from the bid curve, and

the populations within that distance found from census data. For the heather moorland area, this

procedure suggests that the population within a circle of radius 25 miles be used. Using data from the

1991 census (GROS, 1993) the number of households in this circle is approximately 48,000. A similar

analysis for the rough grassland area suggests the relevant population lie within a radius of 30 miles.

Within this area the number of households is approximately 17,000 (GROS, 1993).

In order to derive a ‘per hectare value’ for each landscape, the size of the area affected by changes has to
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be considered. Respondents were asked to consider changes to a quarter and to half the area of either

3222 ha. of heather moorland or 2400 ha. of  rough grassland. Applying the sample trimmed mean WTP

to the estimated number of relevant households and to the size of area affected by the countermeasure

produces a range of values for each landscape as shown in Table 5. As the scope test suggested that the

average WTP valuations are the same regardless of the size of change, the per-hectare figures are shown

as a range of values.

4.4 Conclusions from the CVM study

This CVM study showed that the value of preserving particular habitats/landscapes depends on the

alternative proposed. Respondents were allowed to express negative WTP for the existing landscape by

bidding to change to this alternative. There is great variation in the WTP data, attributable to greatly

differing within-sample variations in preferences for the landscape features: there is no “standard” value

of a given landscape. We also know that the way in which the landscape is portrayed within the survey

instrument can have a big influence on stated preferences (Blomquist and Whitehead, 1998). The failure

of the scope test is unlikely to be due to a poorly-defined good, but is more likely due to the between-

sample approach taken and the relatively small sample sizes in each cell (160): Schulze et al. (1998)

describe a scope test that failed when comparing two samples of approximately 170 responses. They

suggest their study could pass a scope test by simply increasing sample size. The use of the distance-

decay function, identified from the bid curve, however, allowed us to be fairly precise in aggregating

benefits, and so identify per hectare estimates of landscape externalities.

5. Comparing alternative countermeasures

Sample farm data was used to generate a list of feasible and effective countermeasures and an

economic analysis of these countermeasures, which estimates the social (private plus environmental)

costs of each alternative. For illustrative purposes, we use Deposition Scenarios 2 and 3 from Table 1:

results are shown in Tables 6a, 6b and 6c. A farm-level Decision Support System (CeserDSS) was

developed and used to identify a set of feasible countermeasures which are radiologically effective

given a specific deposition scenario, soil type, farm type and location (Salt and Rafferty, 2001).  Since

all countermeasures so considered were similarly  effective radiologically, the benefits of undertaking

countermeasures could be taken to be invariant with choice. This means economic comparisons may

be made in terms of private plus external costs alone. Three farm types have been used: a dairy farm,

an arable farm, and an upland sheep farm with rough grassland for extensive grazing. These farm

types correspond to those found in the case study areas, noted below, since physical predictions of

environmental impacts need to be based on actual case study area data.

In each case, private costs of the countermeasure were evaluated using data from the SAC Farm

Management Handbook (1998). Environmental costs were computed in three ways: (i) for soil
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erosion, by running a modified CREAMS/GLEAMS model (Knisel, 1980; Knisel, 1993), ICECREAM

(Rekolainen and Posch, 1993), to predict changes in soil loss at the field scale, and multiplying the

resultant mean estimate by the £4.72/tonne figure referred to in Table 3; (ii) for dissolved and

particulate phosphate in run-off, by again running the ICECREAM model to predict incremental

losses, and multiplying this by the figure of £15.2/kg P referred to in Table 3; (iii) for countermeasures

involving landscape change, by using the CVM results from section 4. Quantitative estimates of

changes in nitrogen losses are not included due to large uncertainties in the model predictions. In all

environmental cost calculations it has been assumed that the predicted change in soil and P loss at the

field level is proportionate to the environmental damage. No allowance has been made for potential

redeposition and biological uptake within a catchment since this cannot be easily calculated but it will

cause erosion and P loss to be overpredicted (Richards, 1993; Sharpley and Rekolainen, 1997). It was

not possible to rigorously validate the ICECREAM model due to lack of measured data, thus all

erosion and nutrient run-off estimates should be treated with caution. Since the DSS produces a

ranking of selected options based on a (physical assessment of ten equally weighted environmental

and agricultural criteria, we include this information in Table 6  for comparison with the ranking on

economic cost grounds.

Dairy farm

The results for a dairy farm in south-west Scotland (Glenstang Burn catchment) are shown for

deposition scenarios 2 and 3 in Table 6a. It is assumed that the farm has 44% mowing grass and 56%

grazing grass. Net farm costs take into account savings and /or costs arising from changes in the

balance between on-farm production and purchase of feed (grass, silage, barley, concentrate). The

feeding of bought-in clean concentrate leads to an environmental benefit since on-farm erosion and

phosphorus losses are reduced due to the laying fallow of a proportion of the grassland (Salt et al.,

1999). For the dominant soil in the catchment at 5% slope a change in erosion of -0.042 t/ha and a

change in P loss of -0.18 kg/ha are predicted. In contrast the feeding of farm-grown winter barley is

predicted to markedly increase erosion by 20 t/ha and P loss by 12 kg/ha. The DSS ranking differs

from the economic cost ranking, as might be expected. As the feeding of Ca is only effective against

radiostrontium and the administration of AFCF only reduces radiocaesium transfer, in practice it may

be necessary to combine the two measures.

Arable farm
The results for an arable farm growing spring barley in the Eden Water catchment (south-east Scotland)

are illustrated in Table 6b. For the ploughing countermeasures the net farm cost is the countermeasure

operation cost. The net farm cost for growing winter oilseed rape instead of spring barley is the

difference between the two gross margins.. Skim and bury ploughing leads to no long-term changes in

rates of erosion and P loss since only the top 5 cm of the soil are buried at 50 cm depth, preserving
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most of the existing topsoil. Deep ploughing in comparison buries the entire topsoil, leading to

reduced erosion (-0.014 t/ha at 5% slope) and P loss (-6.0 kg/ha) for one of the common soils in the

area. For the switching from spring barley to winter oilseed rape small decreases in erosion and P loss

are predicted.

Upland sheep

The results of an assessment for a typical upland sheep farm in the north-west of Scotland near Oban

(Lusragan Burn catchment) are shown in Table 6c. Net cost estimates include purchase of  roughage

and a better market price for fattened compared to store lambs.. Increased costs of feeding clean

roughage in deposition scenario 3 relative to scenario 2 are due to the longer feeding period required

to reduce meat contamination levels below the Government threshold. Improving rough grassland

requires additional expenditure in terms of labour, seed, lime, fertiliser and contractors charges. None

of the recommended countermeasures have significant effects on erosion and P losses. Environmental

costs associated with landscape changes following pasture improvement have been costed using the

CVM results. It is assumed that the improved land was originally rough grassland. This has an implied

environmental cost in the range £-(84-168)/ha. (Table 5).

6. Conclusions

Nuclear power stations are associated with a risk of accidental release of radioactivity, which implies a

risk of land contamination. Where agricultural land is contaminated, many countermeasures are

available to reduce radionuclide transfer to food products. However, these countermeasures may

produce a range of environmental impacts, such as soil erosion and landscape change. By combining

impact predictions from physical process models with economic value estimates it is possible to rank

alternative countermeasures under a range of radionuclide deposition scenarios and agricultural

production systems.

It is important to be aware that the cost-based rankings presented in section 5 cannot be generalised in

the following sense. The “best” choice of countermeasure for a given deposition scenario depends on the

precise location where the action is undertaken, since environmental costs, for instance, will vary greatly

according to soil type, slope, rainfall and current farm management practices. Landscape externalities

depend crucially on the “before” and “after” states: we make use of estimates for two types of relevant

landscape change only as estimated at two survey locations, and we have little idea as to how

transferable these landscape estimates are to other locations. We have also pointed out already that lack

of useable UK cost estimates for off-site soil erosion and N and P loss forced us to transfer

environmental cost estimates from other countries. Original valuation studies for the UK for these two

classes of impact might well reveal very different absolute values. Finally, we note that the farm-level

costs are based on a simple budgetting calculation, rather than representing the outcomes of
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mathematical programming models.

Unanswered questions arising from this research include the extent to which consumers are willing to

consume products from contaminated areas, even if treatment reduces radiation levels to within

official guideline limits; and the extent to which economic estimates of the value of landscape changes

are transferable across sites for given landscape types. We hope to address both of these issues in

future work (Grande, Hanley and Wilson, 2000).
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Table 1. Deposition scenarios in kilo-becquerels per square metre for the radionuclides
caesium-137, strontium-90 and alpha-plutonium.

137Cs

kBq m-2

90Sr

kBq m-2

alpha-Pu

kBq m-2

Situation

Scenario 1 100 2 0.02 Far-field Chernobyl-like fallout

Scenario 2 100 100 0.02 Far-field with higher Sr fraction

Scenario 3 1000 200 0.2 Chernobyl-like fallout, close to site of accident

Scenario 4 5000 500 1 Chernobyl-like fallout very close to site of
accident

source: Salt and Culligan-Dunsmore (2000).
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Table 2. Selected countermeasures against radioactive caesium (Cs) and strontium (Sr)
recommended for arable farming in Scotland under 4 deposition scenarios.

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Cs Sr Cs Sr Cs Sr Cs Sr

Shallow plough & apply K R NE R NE NSE NE NSE NE

Shallow plough & lime NE NR NE R NE NSE NE NSE

Deep plough TE NR TE TE R R NSE NSE

Skim & bury TE NR TE TE R R NSE NSE

Change to oil seed rape TE NR TE TE R R NSE NSE

Leave fallow TE NR TE TE TE TE R R

Afforestation TE NR TE TE TE TE R R

R = recommended
NE = no effect on the radionuclide
NR = not required since CFIL’s* are not likely to be exceeded
NSE = not sufficiently effective to comply with CFIL’s* or dose limits
TE = too expensive or less drastic countermeasures are available
* CFIL = Community Food Intervention Limit.

Source: Salt et al., 1999.
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Table 3.  Summary of environmental cost estimates found in the literature.

Impact criteria Impact
estimates

Costs Source of costs

Erosion and Sedimentation quantitative crop yield - 0.007 % / t of crop up to a max of
2.5 %
off site - £4.72 / t of soil

Evans (1981)
Frost et al. (1990)
Ribaudo (1986)

Soil Organic Matter qualitative no costs found in the literature
Soil Nutrient Transport to Water quantitative £4.70/kg of N; £15.20/kg of P Gren et. al. (1995)
Soil Pollutant Transport to Water qualitative no costs found in the literature
Ammonia Emissions quantitative no usable costs found in the literature
Biodiversity qualitative no usable costs found in the literature
Landscape Quality quantitative original contingent valuation study See Section 4.
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Table 4 – Net WTP in 1998 £’s (mean, 95% confidence interval and standard deviation) to
preserve existing landscape.

Change to:
Change from:

Productive grassland Forestry

Heather
Moorland

Mean WTP
5% trimmed mean
95% confidence int
standard deviation

46.5
8.1
-.9 – 93.9
365.1

Mean WTP
5% trimmed mean
95% confidence int
standard deviation

9.0
1.1
-14.4 – 32.3
170.2

Rough grassland Mean WTP
5% trimmed mean
95% confidence int
standard deviation

-36.8
-5.9
-90.5 – 17.0
400.6

Mean WTP
5% trimmed mean
95% confidence int
standard deviation

28.9
8.4
0.6 – 57.2
217.9
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Table 5 – Aggregated WTP per hectare to protect heather moorland and rough grassland from
changes in landscape to either productive grassland or forestry.

Change to:
Change from:

Productive grassland Forestry

Heather moorland
Trimmed mean (£/h.hold)
Population
Area (ha)
WTP/ha

8.1
48,000
800 – 1600
243 – 486

1.1
48,000
800 – 1600
33 – 66

Rough grassland
Trimmed mean (£/h.hold)
Population
Area (ha)
WTP/ha

-5.9
17,000
600 – 1200
-(84 – 168)

8.4
17,000
600 – 1200
119 – 238



25

25

Table 6: Ranking of alternative countermeasures for three farm types.

6a. Dairy Farm

Countermeasure Multi-
criteria
Ranking*

Net Farm
Cost

Environmental
Cost

Total
Cost

Cost
ranking

Deposition scenario 2
Administer AFCF =2 1314 0 1314 2
Feed calcium =2 684 0 684 1
Feed clean concentrate =1 49844 -354 49490 4
Feed concentrate grown on farm =3 4738 33637 38375 3

Deposition Scenario 3
Administer AFCF =2 1314 0 1314 2
Feed calcium =2 684 0 684 1
Feed clean concentrate =1 49844 -354 49490 3
Feed Ca. &  clean concentrate. =1 50527 -354 50173 4
Baseline assumptions:
Annual rainfall 1256 mm, slope 5%; elevation 80 m; loamy soil; depth of topsoil >60cm; <35% stones to 30 cm depth;
depth of rocks >60cm; drains deeper than 60 cm; soil wetness class III; imperfectly draining; Land Capability Class  4.1
or better; 150 of milking cows; % net energy intake from concentrate: normal = 28%, countermeasure=80%; no barley
grown on the farm; clean concentrate available for purchase; area to be converted to barley =  77 ha; yield of winter
barley = 6.3 t/ha.

* The countermeasure with the lowest score has the least environmental side-effects.

6b.Arable farm

Countermeasure Multi-
criteria
Ranking*

Net
Farm
Cost

Environmental
Cost

Total
Cost

Cost
ranking

Deposition scenario 2
Shallow plough and apply K 1 745 0 745 1

Deposition scenario 3
Deep plough 3 1050 -2738 -1688 1
Skim and bury plough 2 1050 0 1050 2
Grow oil seed rape instead of SB 1 1800 -359 1441 3
Baseline assumptions:
Annual rainfall 690 mm; slope 5%; loamy soil; depth of soil, of rocks and of drains >60cm; soil wetness class III;
drainage = imperfect, CEC 14 meq/100g; pH 5.8, existing crop = 30 ha spring barley; currently 47 kg K/ha/yr applied;
area for increased K application = 30 ha.
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6c. Upland sheep farm

Countermeasure Multi-
criteria
Ranking*

Net Farm
Cost

Environmental
Cost

Total
Cost

Cost
ranking

Deposition scenario 2
Administer AFCF =2 490 0 490 3
Improve land 1 3196 -(1680 - 3360) -164 -

1516
1

Lime the soil =3 3300 0 3300 7
Apply K fertiliser =3 1422 0 1422 5
Fatten on clean roughage =2 412 0 412 2
AFCF & fatten on clean roughage =2 903 0 903 4
AFCF & apply K fertiliser =3 1912 0 1912 6

Deposition Scenario 3
Administer AFCF =2 490 0 490 3
Improve land =1 3196 -(1680 - 3360) -164 -

1516
1

Lime the soil =3 3300 0 3300 8
Apply K fertiliser =3 1422 0 1422 6
Fatten on clean roughage =2 687 0 687 4
AFCF & fatten on clean roughage =2 1177 0 1177 5
AFCF & apply K fertiliser =3 1912 0 1912 7
AFCF & improve land =1 3398 -(1680 - 3360) 38 - 1718 2
Baseline assumptions:
Annual rainfall 1978 mm; slope  7%; peaty podzol; depth of soil >60cm; <35% stones to 30 cm depth; depth of rocks
>60cm; soil wetness class III; imperfectly draining; pH 3.0; CEC 82 meq/100 g;  peaty surface layer not deeper than 20
cm; no fertiliser or lime applied; 145 breeding ewes; animals can be fed outdoors; 109 lambs sold annually for fattening
elsewhere; roughage contaminated; clean roughage available; rough grazing = rough grassland; no plough available; 50
ha to be treated with lime/K;  20 ha  to be improved.
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Figure One

CESER Methodology.


