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Abstract

Integrated arable farming systems (IAFS), which involve a reduction in the use of off-farm inputs, are attracting considerable
research interest in the UK. The objectives of these systems’ experiments are to compare their financial performance with that
from conventional or current farming practices. To date, this comparison has taken little account of any environmental benefits
(or dis-benefits) of the two systems. The objective of this paper is to review the assessment methodologies available for the
analysis of environmental impacts. To illustrate the results of this exercise, the methodology and environmental indicators
chosen are then applied to data from one of the LINK-Integrated Farming Systems (IFS) experimental sites. Data from the
Pathhead site in southern Scotland are used to evaluate the use of invertebrates and nitrate loss as environmental indicators
within IAFS. The results suggest that between 1992 and 1995 the biomass of earthworms fell by 278 kg ha™' on the integrated
rotation and rose by 308 kg ha™' on the conventional system. This led to environmental costs ranging between £22.24 and
£133.44 per hectare for the integrated system and gains of between £24.64 and £147.84 for the conventional system. In terms
of nitrate, the integrated system had an estimated loss of £72.21 per hectare in comparison to £149.40 per hectare on the
conventional system. Conclusions are drawn about the advantages and disadvantages of this type of analytical framework.
© 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

The impact of agricultural systems on the environ-
ment is of increasing concern generally, and there is a
growing body of research into the quantification of
environmental benefits and dis-benefits resulting from
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agriculture and other rural industries. However, little,
work has concentrated on the valuation of environ-
mental benefits and dis-benefits at the farm level with
few considering the trade-off between financial and
environmental impacts.

The objective of this paper is to provide insights
into possible approaches to both the valuation of
environmental benefits and dis-benefits at the farm
level and the resultant trade-offs between financial and
environmental impacts. This is achieved through the
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use of data from a case-study farm at Pathhead in
southern Scotland.

This farm is part of the LINK-Integrated Farming
Systems (IFS) project (Ogilvy et al., 1994), a 5-year
rotational systems’ experiment which was established
to compare the conventional and integrated arable
farming systems in six different agro-ecological zones
around Great Britain. The main objective of the
LINK-IFS experiment was to test the practical and
financial feasibility of such systems whilst taking into
account the level of inputs being used and their
environmental impact. As a result, they were able
to provide the financial and environmental data for
use in this study, which starts with a brief review of the
assessment methodologies and trade-off frameworks
used in the analysis.

2. Environmental economic modelling
2.1. Overview

Analysis of the trade-off between financial returns
from farming and its environmental impact is based on
the use of combined environmental economic models,
providing a framework that allows both conventional
agricultural production and the production of extern-
alities (Wossink et al., 1996). Farming systems can
therefore be analysed from both financial and envir-
onmental viewpoints to evaluate trade-offs between
the two criteria.

Early examples are provided by the materials bal-
ance framework of Ayres and Kneese (1969) and
input-output analysis developed by Leontief (1970).
Both approaches successfully highlighted some inter-
actions between the economy and the environment
offering convenient classifications for environmental
impacts at various stages of economic activity. More
recent examples are from environmental impact
assessment (EIA) (Glasson et al., 1994). EIA deals
with four key problem areas: identification, prediction,
measurement, interpretation and communication.

Impact identification techniques (Bisset, 1983,
1988; Wathern, 1984) date from the 1970s and include
checklists (Dee et al., 1972), networks (Sorenson,
1971), and matrices (Leopold et al., 1971). They
provide a simple enumeration of the impacts of an
action, concentrating on pollution and soil erosion

and, to a lesser extent, social impacts such as recrea-
tion and employment. Economic considerations are
virtually ignored and they tend to not give the prob-
ability, importance or magnitude of the likely impacts
of an activity.

Key concepts involved in the measurement of
environmental impacts are scoring to standardise
the information for comparative purposes using qua-
litative or quantitative methods and weighting to
reflect the relative importance of different impacts.
Possible approaches to measurement and valuation
include the construction of indices (e.g. Kelly et al.,
1996), energy use analysis (e.g. Taylor et al., 1993)
and monetary valuation. Pearce et al. (1989a) argue
that it is important to place monetary measures on
environmental gains and losses for capturing the
intensity of preference and degree of concern for
the environment. Extensive literature exists on the
economic valuation of the environment covering both
theory (e.g. Pearce et al., 1989b; Meister, 1990) and
also practical applications (e.g. Dixon and Sherman,
1990; James, 1994). Identification of impacts and their
measurement or valuation are then combined in the
environmental economic models. Cost benefit analysis
(CBA) and multi criteria analysis (MCA) are the most
common such approaches.

CBA applies monetary values to all costs and
benefits resulting from an action to be undertaken
(Mishan, 1975). It is particularly useful in identifying
and measuring the impacts of projects or policies to
provide a criterion to judge projects given the objec-
tives set, whether economic, social or environmental.
However, there are problems in the identification,
enumeration and putting monetary values on intangi-
bles. Value judgements also have to be made to evaluate
impacts in the absence of adequate market prices.

MCA is a set of procedures, based on mathematical
programming, designed to help choose between
options (Romero and Rehman, 1987, 1989) particu-
larly, for estimating the effects of alternative policy
measures on financial returns and the environment.
The advantage of MCA is that it permits simultaneous
consideration of multiple decision criteria, unlike
single objective linear programming (LP), without
the need to specify incommensurable criteria in a
common metric of monetary values.

Alongside current interest in MCA is the consider-
able amount of work on environmental and natural
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resource accounting (see Ahmad et al., 1989; Lutz,
1993; United Nations, 1993). Such accounting is a
comprehensive incorporation of the environmental
impacts into the system of national accounts to allow
the assessment of the trade-offs between the benefits
and dis-benefits of production and consumption activ-
ities. These approaches provide a coherent picture of
resource use and depletion or increase, which can be
linked to, or integrated with, the national accounts
(Bartelmus, 1989). Two examples are the Norwegian
system of resource accounting (Alfsen et al., 1987)
and the French patrimony accounts (Theys, 1989).

2.2. Suitability for the analysis of integrated arable
farming systems (IAFS)

Considering the problem of evaluating environmen-
tal consequences from integrated arable farming sys-
tems (IAFS) in relation to financial return, and in
comparison with other farming systems, the most
appropriate approach has to incorporate an assessment
of both these factors. The above methods achieve this
objective, some providing useful insights into the
valuation of environmental impacts, others providing
frameworks in which trade-offs between environmen-
tal impacts and the financial return of the farming
systems can be easily identified. Of particular interest
is the use of environmental and natural resource
accounting as it provides an assessment framework
already well-established and understood. Further-
more, the financial analysis of farming systems,
already uses this approach and the expansion of these
accounts to incorporate environmental considerations
is a logical step forward.

Arguments in support of this approach include the
use made of traditional accounting systems for ana-
lysis and forecasting, as well as policy formulation.
First, economic accounts are traditionally used and it
is argued that all economic activity should be taken
into consideration. This includes the use of the natural
environment and its incorporation occurring alongside
traditional accounting activities. Second, there is the
requirement for a consistent, reliable and comparable
data set which can be used for the effective manage-
ment of the environmental resource base (Pearce et al.,
1989a). This is particularly true regarding current
interest in more sustainable farming systems, as the
national accounts exclude the environment and natural

resource base which thus may encourage unsustain-
able levels of production and consumption. Third, the
accounting approach provides a framework for both
farm level analysis and subsequent macro level ana-
lysis and, given the current lack of research on prac-
tical applications of accounting techniques to
evaluating the environment, it is a method which
merits further exploration.

3. Methodology
3.1. Integrated agriculture

Integrated agricultural production has been defined
by El Titi et al. (1993) as an holistic pattern of land use
which integrates natural resources and regulation
mechanisms into farming practices to achieve maxi-
mum but stepwise replacement of off-farm inputs to
secure quality food and to sustain income.

IAFS have attracted a great deal of research interest
in the UK. They have implications for the manage-
ment of farmland as they involve more complex and
often longer rotations, changes in cultivations (espe-
cially the adoption of non-inversion tillage) and a
reduction in the level of both pesticide and fertiliser
use, if appropriate. Such practice is, in part, related to
the aim of improving habitats and thus biodiversity at
the whole farm level, which clearly would influence
the decision-making processes related to husbandry
practices and expectations of financial rewards on
farms (Park et al., 1997).

3.2. The experiment at Pathhead farm

Pathhead farm is some 15 km south-east of Edin-
burgh, southern Scotland (latitude 56°N) on loam/clay
loam soils of the Winton Association. The mean 30-
year rainfall is 860 mm per annum. Full details of the
experiment are provided by Fisher et al. (1996).

The conventional crop rotation at the farm reflected
standard commercial farming practice in the local
(Lothian and Borders) region in the early 1990s
namely: winter oilseed rape (Brassica napus L.)
(phase 1), winter wheat (Triticum aestivum L.) (phase
2), set-aside (phase 3), winter wheat (phase 4), and
winter barley (Hordeum vulgare L.) (phase 5). The
integrated rotation is spring oilseed rape (phase 1),
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winter wheat (phase 2), set-aside (phase 3), winter
wheat (phase 4), and spring barley (phase 5). The main
difference between the two systems is that the inte-
grated system had spring, rather than winter, oilseed
rape in phase 1 of the rotation and spring barley
instead of winter barley in phase 5.

The change to spring cropping enabled savings in
nitrogen fertiliser use from some 160 kg ha™' under
the conventional rotation to around 120 kg ha™' on the
integrated rotation. Similarly, the more careful use of
pesticides under the integrated system led to a reduc-
tion in active ingredient applied from 2.81 to
1.55 kg ha™! (Fisher et al., 1996).

4. Approaches to the appraisal of IAFS

The framework for the environmental and natural
resource accounting model needs to incorporate two
perspectives for the evaluation of IAFS: the financial
account for agricultural production activities and a
parallel account for environmental impact. These then
need to be combined within an integrated environ-
mental and economic account to illustrate the tradi-
tional financial impact of conventional farm practices
and IAFS alongside their environmental impacts.

4.1. Financial data

The output from agriculture is conventionally mea-
sured in financial terms. Farm income, or profit, on
arable farms is a function of yield, crop price, area
payments, and the costs directly influenced by man-
agement variables such as input choices and levels of
fertiliser and pesticide use and cultivation practices.
Conventional farm accounts are, therefore, the main
criteria for measuring the financial viability of agri-
cultural systems. However, for a thorough analysis of
the productivity of agricultural systems the effect of
the economic environment, markets and subsidies,
natural environment, particularly climatic conditions,
and social environment also need to be taken into
consideration in the use of these accounts.

4.2. Environmental data

Identifying criteria to illustrate the impact of agri-
culture on the environment is more problematic. They

need to be measurable, derived objectively, verifiable,
and replicable and, given that it is currently impossible
to measure all environmental impacts, they should
ideally be proxies for other processes. Indicators
which measure changes in key processes or highlight
areas of concern are commonly used. Areas of concern
include changes in: amenity; soil quality; water qual-
ity and quantity; atmospheric quality; and habitat and
wildlife as a result of land use and chemical inputs.
Concern about energy use may also be considered as
an environmental issue.

At the individual farm level, important indicators
include the amenity and landscape value associated
with the farming system, the impact on soil quality
through the direct use of the land resource, the impact
of chemical use, i.e., fertilisers and pesticides, and the
resultant impacts on water quality (resources), atmo-
sphere and biodiversity. Given that data on the amenity
aspects of both the conventional and integrated sys-
tems of the LINK-IFS project have not been recorded,
with the assessments concentrating on the within-field
aspects, this paper will now concentrate on the latter
indicators which reflect, loosely, the three main eco-
nomic functions of the environment: as a source of raw
materials; as a sink for waste assimilation; and as a
provider of environmental services.

4.2.1. The environment as a source of raw materials

Soil is the main physical medium for agriculture
and is the site of many complex transformation pro-
cesses. Assessment of soil quality regarding the
demands made on this resource over time is important
and should cover physical, chemical and biological
criteria. Examples of indicators that are used to assess
soil quality include organic matter, acidity and the
levels of phosphorous, potassium, and heavy metals in
the soil (e.g. Department of the Environment, 1996).

Bio-indicators such as invertebrates and, in parti-
cular, earthworm numbers and/or biomass can also be
used. Such data were collected in the LINK-IFS
experiment. Earthworms are important to soil fertility
and structure as they play a key role in trash burial,
nutrient cycling, soil aeration and drainage (Lee, 1985).
They are also a useful indicator as they are sensitive to
a range of short-term agricultural activities (Edwards
and Lofty, 1972; Edwards and Bohlen, 1996).

The economic value of earthworms is a problem,
but potentially solvable as there is an actual open
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market value for earthworms based on their costs of
production. Alternatively, as the market price may be
considered a high estimate, a value could be derived
by econometric techniques to extract the effect that
earthworms have on crop output, through their influ-
ence on soil quality. A problem with this approach is
that it is considered more appropriate for crops planted
into soil that has not been cultivated (Edwards and
Bohlen, 1996). However, a provisional estimate may
be obtained using the difference in cost between
ploughing and minimal tillage practices, assuming
that the difference equates to the value of the soil
structuring service provided by earthworms. It is
recognised that this is only an estimate and that
ploughing enables rates of trash burial, mineralisation
and aeration far in excess of that achievable by earth-
worms in a season.

4.2.2. The environment as a sink for waste
assimilation

Concerns regarding water quality include chemical,
biological and physical aspects and are highlighted in
the criteria for the 1985 River Quality Classification
(Department of the Environment, 1986), which
include dissolved oxygen, biological oxygen demand
(BOD), ammonia, toxicity to fish, and visible signs of
pollution. Additional indicators include nitrate and
pesticide use, nitrate, phosphorous and pesticide con-
centrations in water, pollution incidents, and water
treatment expenditure (e.g. Department of the Envir-
onment, 1996; OECD, 1997).

Nitrogen fertiliser is an important agricultural input,
vital to the growth of plants in terms of both the
quantity and quality of yield. Its impact on surface
and groundwater through nitrate leaching has become
a major environmental issue over the last decade (see
Addiscott et al., 1991), and it is acceptable to use
nitrate levels as an indicator to estimate the environ-
mental impact of agricultural systems on water qual-
ity. Nitrate residues in the soil after harvest (autumn)
provide a measure of leaching risk. In order to calcu-
late the economic value of nitrate lost from the system,
it is assumed that all the residue in the soil is leached
from the system. The environmental damage cost
incurred as a result of this leaching is then taken to
be equal to the costs of treating the pollution. The cost
incurred should not be applied to every kilogram of
nitrate lost from the system, but to that above a

threshold level as there is some naturally occurring
leakage of nitrate from the soil irrespective of manage-
ment practice. The environment also has the potential
to assimilate some waste without damage being
incurred.

Pesticide levels are another indicator of environ-
mental impact on water quality. Concern regarding
their use and effect on both human health and the
environment has recently increased. However, there is
little work on the quantities of pesticide applied in
relation to the amounts occurring in water sources So it
is more appropriate to concentrate on the actual level
of pesticide use. Both direct and indirect impacts need
to be considered; direct impacts on target and non-
target flora and fauna, and indirect impacts where
pesticides are caught up in the food chain affecting
the species further along that chain. The economic
value of this indicator is problematic, although it could
be related to the effect of the chemical on biodiversity.

4.2.3. The environment as a provider of services

Biodiversity, an increasingly important indicator of
environmental quality, is a measure of the number of
different species present within a given area, taking
into account the number of representatives of each
species present and the variety of habitats that exist
within that area. Measures of biodiversity include the
percentage of species at risk, number and population
changes in important species groups, and a considera-
tion of habitats (Department of the Environment,
1996; OECD, 1997).

To assess individual farms and particular agricul-
tural practices, it is important to choose an indicator
representative of those practices. Usual indicators
include the number and population changes in mam-
mals, birds and butterflies appropriate at the whole
farm level. For the LINK-IFS experiment, which is
comparing two systems within a single field, an
indicator which is relatively immobile and, affected
by specific within field differences is more appropri-
ate. Data on the number of invertebrates caught by
pitfall traps within each experimental plot are used as
one indicator in the LINK-IFS experiments. These
can be considered as relevant indicators as they are
part of a complex food web. In terms of the economic
valuation of biodiversity (Spash and Hanley, 1994;
Hanley et al., 1994) there are few applications in the
UK all involving the use of the contingent valuation
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method (CVM). Related to this is the Delphi techni-
que, an established mechanism for collecting expert
opinion, which can be very effective in acquiring
information on values from participants who possess
technical knowledge. It also has the advantage that it
can be undertaken in a short time period, relatively
cheaply. An alternative approach is to relate the value
of beneficial insects to the cost saving from reduced
pesticide use. This assumes that pesticides are a
replacement for natural ecosystem resilience.

5. Results

Using data from one of the sites in the LINK-IFS
experiment, the accounting framework is used here to
compare the impact of conventional and IAFS on
financial returns and the environment. As stated in
the introduction, this is a 5 year rotational systems’
experiment, with each phase of the rotation repre-
sented in every year. The data presented include both
traditional financial results and the environmental
data.

5.1. Financial results
Table 1 provides a summary of the financial results

for the 5 years of the experimental rotation at the
Pathhead site in southern Scotland. Output is calcu-

lated by multiplying the yield by the average Novem-
ber price (from the HGCA Weekly Digest) for each
crop in each year plus the area payment for that year.
Costs, which were already standardised as part of the
main LINK-IFS project, are based on material sup-
plied by Mr. D. Harris, ADAS (pers. commun.). The
aim of these results is to reflect the value of agricul-
tural production to the farmer. They show that, in
traditional financial terms, the integrated system does
marginally better than the conventional system over
the 5 years of the rotation shown with gross and net
margins per hectare of £3840 and £2921, respectively.
Output is lower, a result of substantially lower yields
in the spring rape crop, and occasionally slightly lower
yields in the cereal crops. However, the total variable
costs are also lower, mainly as a result of reductions in
chemical use. Cultivation costs are also lower. These
lower costs give rise to the better gross and net margins
on the IAFS.

Table 2 presents the same information using world
prices (mid-November prices from the HGCA Weekly
Digest) and without area payments to reflect the social
value of agricultural output from the two systems via
the removal of government intervention. Phase 3, set-
aside, is also excluded from the rotation. In using
world prices, it is assumed that the use and subsequent
management of inputs into the two systems remains
unchanged, and that crop choice, despite changing
prices, also remains unchanged. Furthermore, using

Table 1
Comparison of financial results (£ ha™', current prices) for the conventional and integrated systems at the Pathhead, Scotland site 1993-1997

1993 1994 1995 1996 1997 Rotation

CFS* IFS® CFS IFS CFS IFS CFS IFS CFS IFS CFS IFS
Output® 775 711 820 838 1218 1161 1138 1111 899 789 4851 4610
Seed costs 48 49 42 44 41 42 42 47 42 42 215 223
Fertiliser 69 56 74 54 85 72 104 91 118 82 449 355
Pesticides 56 33 50 16 76 28 75 36 62 35 319 148
Other costs* 16 16 11 15 6 2 7 7 6 7 46 47
Total costs® 189 153 177 129 209 144 228 180 228 168 1030 774
Gross margin 586 557 643 709 1009 1017 910 931 671 622 3820 3837
Operating costs 220 220 178 168 190 173 201 181 200 175 989 918
Net margin 365 337 465 541 819 843 710 750 472 446 2831 2918

“Conventional farming system.
PIntegrated farming system.

“Yield multiplied by the average November price (from the HGCA Weekly Digest).

dOther costs include growth regulators, desiccant and miscellaneous costs.

“Total variable costs comprise seed costs, fertiliser, pesticide and other costs.

Operating costs include primary cultivations, fertiliser and agrochemical application, swathing, harvesting and miscellaneous drying costs.
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Table 2
Comparison of financial results (£ ha™', societal value) for the conventional and integrated systems at the Pathhead, Scotland site 1993-1997
1993 1994 1995 1996 1997 Rotation
CFS*  IFS° CFS IFS CFS IFS CFS IFS CFS IFS CFS IFS
Output®® 656 574 680 659 1198 1080 875 830 695 561 4103 3703
Total variable costs’ 227 179 217 157 257 176 281 221 281 205 1263 938
Gross margin 428 395 463 502 942 904 594 609 414 356 2841 2765
Operating costs® 269 268 215 204 232 211 245 221 245 214 1206 1118
Net margin 160 127 247 298 710 692 349 388 169 142 1635 1647

“Conventional farming system.
“Integrated farming system.

°At world prices (from HGCA Weekly Digest) and excluding area payment.
dExcludes set-aside phase; (otherwise, definition of costs are as for Table 1).

world prices for crop products and not for crop inputs
may provide an overestimate of output where there are
tariffs and subsidies on the imports of inputs. Never-
theless, given the problem in determining the combi-
nation of inputs in the absence of support, the use of
world prices alongside the exclusion of area payments
to provide the social value of agricultural output is a
reasonable assumption. This results in a lower gross
margin for the integrated system compared with the
conventional system, and a smaller difference between
the two for the net margin.

5.2. Environmental results

The subsequent tables provide information on the
environmental data being considered. These include
information on the causes of environmental degrada-
tion, i.e., the use of nitrogen fertiliser and pesticides
(Table 3), and the effects that these are believed to
generate. The indicators chosen to represent these
impacts are, respectively, earthworm (Lumbricidae)
biomass (Table 4), nitrate loss (Table 5), and inverte-

brate (beetle (Carabidae) and spider (Arachnida))
numbers (Table 6). Cultivation practices at the Path-
head site, a further cause of impact on the environ-
ment, are unchanged between the two systems. In
terms of the economic valuation of the environmental
impact of the two systems, it is only the latter indi-
cators themselves that would need to be valued, the
causes of those impacts (cultivation practices and
chemical use) indicating only the potential impact.

5.2.1. Chemical use

Data on the use of chemicals in both the conven-
tional and integrated system were recorded for each
plot at the time of application, the overall aim being to
reduce these inputs where appropriate. In the conven-
tional system, nitrogen was applied according to
conventional farm practice (i.e. farm manager’s rate).
For the integrated system, Scottish Agricultural Col-
lege (SAC) recommendations were used, reduced for
those fields where February mineral N measurements
were high. In the latter years, the correction for soil
mineral N was halted as validation trials showed that

Table 3
Comparison of fertiliser (kg N ha™") and pesticide use (units®) at the Pathhead, Scotland site for the conventional and integrated systems,
1993-1997

1993 1994 1995 1996 1997 Rotation

CFS* IFS® CFS IFS CFS IFS CFS IFS CFS IFS CFS IFS
Fertiliser 144 115 164 115 171 122 173 127 179 126 832 605
Pesticides 4.80 3.45 3.36 2.29 5.98 2.89 5.73 3.19 491 3.36 24.79 15.18

“Conventional farming system.
PIntegrated farming system.

“The maximum amount (in grams) of an active ingredient recommended for arable crops.
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Table 4

Comparison of earthworm biomass changes (kgha ') at the
Pathhead, Scotland site for the conventional and integrated
systems, 1992-1997

CFS® IFS®
1992 biomass (kg) 1144 1591
1995 biomass (kg) 1452 1313
1997 biomass (kg) 1505 1467
1992-1995 change in biomass (kg) +308 —278
Valued @ 8p kg ™' (£) +24.64 —22.24
Valued @ 48p kg™ (£) +147.84 —133.44
1995-1997 change in biomass (kg) +53 +154
Valued @ 8p kg™ (£) +4.24 +12.32
Valued @ 48p kg ™' (£) +25.44 +73.92
1992-1997 change in biomass (kg) +361 —124
Valued @ 8p kg ™' (£) +28.88 -9.92
Valued @ 48p kg ™' (£) +173.28 —59.52

“Conventional farming system.
PIntegrated farming system.

Table 5

Comparison of soil nitrate residues at 0-90 cm depth (kg N ha™") at
the Pathhead, Scotland site in the conventional and integrated
systems, 1995-1997

CFS* IFS®
1995 residue (kg) 93 61
1996 residue (kg) 108 76
1997 residue (kg) 103 76
Rotational residue, 1995-1997 (kg) 304 213
1995 residue valued @ 2.49 kg ™' 221.61 141.93
using 4 kg threshold (£)
1996 residue valued @ 2.49 kg™ 258.96 179.28
using 4 kg threshold (£)
1997 residue valued @ 2.49 kg™’ 246.51 179.28
using 4 kg threshold (£)
1995-1997 residue valued @ 2.49 kg™ 747.00 520.41
using 4 kg threshold (£)
1995 residue valued @ 2.49 kg™ 149.40 69.72
using 33 kg threshold (£)
1996 residue valued @ 2.49 kg™ 186.75 107.07
using 33 kg threshold (£)
1997 residue valued @ 2.49 kg™ 173.30 107.07
using 33 kg threshold (£)
1995-1997 residue valued @ 2.49 kg™ 674.79 448.20

using 33 kg threshold (£)

# Conventional farming system.
° Integrated farming system.

the integrated rate was consistently too low to maxi-
mise profit. Nevertheless, applications for comparable
wheat crops on the integrated system were always
lower than on the conventional. Applications were

Table 6

Comparison of mean number of invertebrates (beetles and spiders)
per pitfall trap per day over the crop growing period at the
Pathhead, Scotland site for the conventional and integrated
systems, 1992-1997

CFs* IFSP

Number of invertebrates

1992 1.50 1.52
1993 0.55 0.64
1994 5.41 522
1995 0.96 1.21
1996 1.37 1.52
1997 1.17 1.29
Change in the number of invertebrates

1992-1993 —0.95 —0.88
1993-1994 +4.86 +4.59
1994-1995 —4.45 —4.02
1995-1996 +0.41 +0.31
1996-1997 —0.20 —0.23
1992-1997 —0.33 —0.23

“Conventional farming system.
"Integrated farming system.

also lower for the spring crops. SAC recommendations
were used for P and K applications throughout, reduc-
tions occurring on the integrated system where spring
crops replaced winter crops.

Inrelation to the use of pesticide, cereal crops on the
integrated system were chosen for their disease resis-
tance, with the use of fungicides being modified
accordingly. Routine spraying was carried out on
the conventional system. The same is true for herbi-
cide applications, there being no use of autumn resi-
dual herbicide on the integrated wheat crops, whereas
the conventional wheat had one application when soil
conditions allowed access. Insecticides were generally
not used on either system. The conventional wheat
crop had routine treatment for slugs following winter
oilseed rape; this was not needed for the wheat fol-
lowing the spring rape crop, although some spot
treatment was used as necessary.

Table 3 summarises the chemical use in both sys-
tems. As is to be expected, it shows that the use of
nitrogen fertiliser on the integrated system in compar-
ison with conventional practice is reduced. This is
primarily as a result of the inclusion of spring crops in
the rotation, although as stated above, applications on
the winter wheat crops are also reduced. Table 3 also
shows the number of pesticide units used in each



A.P. Bailey et al./Agriculture, Ecosystems and Environment 72 (1999) 145-158 153

system, a unit being the maximum amount (in grams)
of an active ingredient recommended for arable crops.
As outlined above, reductions in the use of all pesti-
cides are achieved for all chemicals (except seed
dressings) in all years and for all crops on the inte-
grated rotation with few exceptions.

5.2.2. Earthworm biomass

Table 4 presents information on earthworm bio-
mass changes at the Pathhead site. The fact that the
experiments were carried out at a field scale means
that starting values were inevitably different — this is
difficult to overcome in this type of systems experi-
ment. Data regarding earthworms are only available
for 1992 (samples were taken before the start of the
experiment), 1995 and 1997 (samples were taken prior
to the harvesting of that year’s crop). It should be
noted that the cultivations, considered an important
factor with regard to effects on soil fauna (Edwards,
1984), are the same on both the conventional and
integrated systems at Pathhead. Other sites have opted
for non-inversion tillage on their integrated plots
where possible, a practice which is believed to be less
detrimental to earthworm populations. Nevertheless,
this status quo in terms of cultivation practices at
Pathhead does not explain the increase in earthworm
biomass on the conventional system compared
with the small reduction in overall biomass on the
integrated system. However, these differences could
perhaps be explained by changes in the amount of
organic material returned to the soil under the two
systems given the differences in crop output. Differ-
ences that are apparent are the increase and higher
earthworm biomass in the set-aside phases after wheat
in both systems; the lowest earthworm biomasses
occur in the wheat and oilseed rape phases of the
rotations.

In determining the economic value of earthworms,
it is assumed that the agricultural use value of earth-
worms in terms of soil quality equates to the difference
between the cost of ploughing and subsequent cultiva-
tion and minimal tillage practices including direct
drilling. The relevant costs per hectare are £90 for
ploughing including the associated seedbed prepara-
tion, between £40 and £80 for minimal tillage, and £30
for direct drilling (Nix, 1996). The difference between
the two practices therefore ranges from £10, the
difference between ploughing and the most costly

minimal tillage system, to £60 the difference between
ploughing and direct drilling. To equate this to
changes in earthworm biomass a baseline population
is required. In certain circumstances, earthworms are
bought in and inoculated into the soil via the use of soil
plugs, although on agricultural land this appears to
have only occurred during the periods of reclamation
of land for permanent grassland. Where soil plugs,
containing approximately 0.1 kg of earthworms, are
bought in, the maximum number of plugs that would
be used per hectare would be 1250 thus giving rise to,
based on a zero population of earthworms at the
outset, an earthworm biomass of 125 kg. This can
be taken as the baseline amount required. Dividing the
difference in cost between ploughing and drilling
(£60) by the baseline earthworm biomass required
in terms of basic soil structuring requirements
(125 kg) gives a value of £0.48 per kilogram of earth-
worm. Alternatively, taking the lower value of £10, the
difference between ploughing and minimal tillage,
gives a value of £0.08 per kilogram of earthworm.
Taking the changes per hectare in each of the two
systems between 1992 and 1995, i.e. an increase of
308 kg on the conventional and a reduction of 278
kilograms on the integrated, gives an additional ben-
efit of £147.84 and damage cost of £133.44, respec-
tively, at the higher value, or a benefit of £24.64 and
damage cost of £22.24 at the lower value.

5.2.3. Nitrate loss

Table 5 provides information on the nitrate residues
at Pathhead from samples taken at a depth of 90 cm in
the autumn of each year. Data for this are only
available for 1995, 1996 and 1997 as no autumn
sampling was undertaken in 1993 and 1994. The data
indicate excess nitrate in the soil which runs the risk of
loss from the system over the winter period. As can
been seen from the data, residues in the conventional
system are greater than that on the integrated system.
Substantial differences occur, first, after set-aside in
1995 favouring the integrated system, although in the
following year after winter wheat the reverse is true;
and second, after oilseed rape in all the 3 years. A
notable difference also occurs in 1995 and 1996
between the barley crops of the two systems. Winter
oilseed rape on the conventional system has the high-
est residues in all years, whereas in the integrated
system the highest residues occur in the wheat phases.
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The lowest residues tend to be in the set-aside and
barley phases of both systems.

The economic value of these nitrate residues, all of
which are assumed to have been leached into surface
or groundwater courses, can be related to the damage
it causes to water quality and the cost of reparation of
that damage. In the case of ground water this equates
to the cost of removal of nitrates from the water when
it is abstracted for drinking water. In the case of
surface water, this equates to the cost associated with
the damage to commercial fish stocks as a result of
eutrophication although estimates of this value may be
more difficult to calculate.

An initial value, based on ground water costs only,
is determined from United States data (Panel on
Nitrates, 1978) converted to pounds sterling per kilo-
gram and updated for inflation but not for advances or
differences in UK technology. The Panel on Nitrates
(1978) provide five estimates regarding the removal of
nitrates from polluted water based on different
approaches to treatment. Taking the average treatment
cost of three of the approaches (denitrification, chlori-
nation, and ion exchange), which are similar in cost
and also in the effectiveness of removal of nitrate (70—
95%), gives rise to an average treatment cost of £2.49
per kilogram of N. Two other processes are ignored,
nitrification and electrodialysis, as they remove less
than 50% of the nitrate within the water. This treat-
ment cost can then be applied to the nitrate residues.
However, the cost is not applied to all the available
residue but to levels above a given threshold. This
recognises that there is some naturally occurring
leakage of nitrate from the system, and also that that
the environment has the ability to assimilate a certain
amount of waste in the form of pollution before it
becomes adversely affected. Two thresholds have
been put forward. First, a threshold of 4 kg which
has been suggested as the maximum amount of leak-
age that occurs from undisturbed natural ecosystems
(Gosz, 1981; Melillo, 1981). Second, threshold levels
which relate the losses of nitrate residues to the
concentrations in the receiving water using the EU
limit as a reference point, concerns over drinking
water quality having led to the European Community
imposing a limit of 50 mg1~" for nitrate in potable
water (Council of the European Communities, 1980).
Concentrations above this limit incur a cost, whereas
concentrations below this limit do not incur a cost. The

limit used, although arbitrary, can be justified in that it
is a well-documented, recognised, legalistic reference
point and is a value which has received considerable
attention regarding the relationship between nitrate
loss and the resultant concentrations in the receiving
water in relation to soil type, climate and the quality of
that receiving water. Williams (1990), for example,
has modelled nitrate loss in relation to the concentra-
tions in the receiving water using data on the water
supply system, the process of nitrate leaching and
farming land use. Included in the calculations are data
on rainfall, soil type and rock strata, and water
volume, abstraction, flows and hydrological pressure.
This model has provided three ranges of maximum
nitrate loss allowable to meet the EU limit: 11-22 kg
for the area around East Anglia; 22-33 kg for North
East England, the Midlands, the South East, and the
far eastern half of East Anglia; and 33-45 kg for
Scotland, Wales, the North West and South West. It
is the lower bound estimates that are used as thresh-
olds in this analysis; for the Pathhead site in Scotland
this allows a loss of 33 kg of nitrate before a cost is
incurred. Therefore, in the conventional rotation at
Pathhead during 1995, assuming a loss of 60 kg
(93 kg — 33 kg allowable), the cost of the resultant
damage would be £149.40. Similarly, for the inte-
grated rotation in that year the cost would be £72.21.
Alternatively, with a threshold of 4 kg, the cost would
be £221.61 for the conventional system and £144.42
for the integrated system.

5.2.4. Beetle and spider numbers

Table 6 provides information on the final indicator
of environmental impact, the number of invertebrates
(Carabidae, Staphylinidae, Linysiidae, Lycosidae)
within each system. In each field, and for both farming
systems, two transects of five pitfall traps were used to
collect data on invertebrate activity. The traps were
placed 30 m in from a common boundary and then
spaced at 10 m intervals, thereafter. The pitfall traps
were partly filled with water and detergent and oper-
ated for 10 day periods during the winter and 5 day
periods during the summer for the length of each
crop’s growing period. The results show that there
is no obvious pattern in either system, with the inte-
grated system in comparison with the conventional
showing marginally higher numbers for 4 years and
lower numbers in 1 year. The more obvious pattern is
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the swing between increases and reductions across the
years in both the systems, and there is some indication
that the set-aside phases lead to greater invertebrate
numbers, whereas oilseed rape gives rise to the least
numbers.

In terms of their economic value, an estimate could
be based on information on pesticide costs assuming
that the invertebrates are of quantifiable value to the
individual farmer as a natural predator of crop pests
such as aphids, and that an increase in their number
will reduce the farmers’ reliance on pesticides and as a
result pesticide costs. To do this, the average cost of
application of an insecticide needs to be given and
equated with a baseline population of beneficial inver-
tebrates required to replace that insecticide. Dividing
the number in the required baseline population by the
cost of the pesticide would give a measure of inverte-
brate value. This should realistically be based on a
population per one hundred or one thousand, the
resultant value being applied to changes (flow values)
in that population as opposed to static (stock) num-
bers. Although data are available on insecticide costs —
an appropriate value would be £15 per hectare (Nix,
1996, taking the cost of an insecticide containing the
active ingredient pirimicarb, estimates the approxi-
mate cost of an application from £13—15 in cereals and
from £15-22 in oilseed rape) — the information on the
baseline number of invertebrates is not. Furthermore,
relating the number of invertebrates caught in pitfall
traps (a measure of activity) to a given population per
hectare is not possible. A similar approach based on
their value as part of the food chain would also require
an estimate of numbers related to population as
opposed to activity. Given the current difficulty in
providing a suitable estimate of value, a record of the
physical numbers caught in pitfall traps is presented.
Individuals may wish to make a subjective decision
about the trade-offs between this indicator (biodiver-
sity), financial returns, earthworm biomass (soil qual-
ity) and nitrate loss (water quality).

6. Discussion and conclusions

Combining the information on the financial results
with environmental impact gives rise to a system of
integrated environmental and economic accounts (see
Table 7). It indicates both the financial and environ-

Table 7

Comparison of financial and economic results (£ ha’l, current
prices) at the Pathhead, Scotland site for the conventional and
integrated systems, 1992—-1997

Rotation

CFs* IFS®
Output 4850.50 4610.80
Seed costs 215.90 223.40
Fertiliser 449.48 354.89
Pesticides 319.04 147.60
Other variable costs 46.00 46.86
Total variable costs 1030.46 774.19
Gross margin 3820.07 3836.61
Operating costs 988.719 18.48
Net margin 2831.36 2918.13
Earthworm biomass +28.88 —9.92
Nitrate loss® —674.79 —448.20
Environmentally adjusted net margin 2185.45 2460.01
Invertebrate numbers —0.33 —-0.23

“Conventional farming system.
"Integrated farming system.
“Figures for 1995-1997 only.

mental values for the 5 years of the experimental
rotation at the Pathhead site. First, the traditional
financial account is given, showing that the integrated
system, in this example, is financially viable when
compared to conventional farming practices in that it
has a higher net margin. Second, the values for the
environmental impact are included. In this example,
the minimum environmental values given previously
(see Sections 5.2.2-5.2.4) are used. Counter-intui-
tively, in environmental terms, the integrated system
appears to be less beneficial to the environment in
terms of soil quality (earthworm biomass), and the
results are inconclusive for the effect of the two
systems on fauna (invertebrate numbers). These indi-
cators suggest that although inputs into the environ-
ment can be measured directly at the time of
occurrence, the impacts that may then indirectly arise
from those inputs may take a longer time to materi-
alise. However, nitrate residues, used as an estimate of
potential leaching, are an indicator that provides
results that would be expected, with the integrated
system appearing less damaging in terms of water
quality. Overall, both the conventional and integrated
margins are reduced as a result of environmental
impacts, although the difference between the two
systems increases indicating that the integrated sys-
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tem, despite its negative impact on earthworm bio-
mass, is of greater benefit to the environment than
when compared with the conventional system. Despite
these observations, statistical analysis of the data
using analysis of variance reveals that there is no
significant difference between the two systems with
respect to net margins, beetles and spiders, earth-
worms and nitrate residues (see Table 8). Dealing
with the impact of earthworm biomass on the farming
system in order to extract the statistical significance
from the results poses a problem. The quantitative
information available on earthworm interaction with
other components of the system is insufficient, parti-
cularly in terms of time series. Thus, it would not be
wise to attempt to draw firm conclusions from the
above analyses, other than to accept that at this stage
the aim has been to develop a method of comparison
not necessarily to obtain absolute values.

Regarding the use of environmental and natural
resource accounting it can be said that it has the
potential to provide a format for allowing the trade-
off between financial and environmental impacts, and
between the differing environmental impacts them-
selves. The example given above illustrates the appli-
cation of the accounting framework to the comparison
of different farming systems, achieved through the
definition of the costs and benefits of agri-environ-
mental measures, both positive and negative. The
above proposed framework is also flexible enough
to incorporate data regarding other environmental
impacts as they become available and, even without
complete valuation, presents the data in a format
which can aid the understanding of agricultural and
environmental trade-offs.

Considering the indicators used, it should be noted
that the earthworm data relates to agricultural use

Table 8

values only. Non-use/intrinsic values would need to
be included to give a more accurate estimate of their
value; the approach to the calculation of these values
would perhaps involve the use of CVM (Cummings
et al., 1986) or consultation with experts using the
Delphi technique. Such techniques also may be useful
in overcoming the problem of the valuation of biodi-
versity using the data on invertebrates. Values for the
use of nitrates are already reflected in the accounts as
the additional input costs for N fertiliser. The figures
calculated for the treatment cost of polluted water
represent the additional cost to society of that pollu-
tion. A limitation concerning the use of such indica-
tors to assess the environmental impacts of
agricultural production systems is that the choice of
indicator may inevitably lead to some form of bias,
favouring one or other of the systems under review.
This, of course, depends on the nature of the indicators
used, and is a problem which is also applicable to other
methods which use similar approaches to examine
environmental impact. A final limitation of the
approach are the problems, highlighted by the infor-
mation on invertebrates, regarding the provision, mea-
surement and valuation of data.

Nevertheless, the above approach has the potential
to provide insights for both farm level decision making
and macro level policy formulation, and is of parti-
cular relevance to sustainable farming systems where
the objectives are to achieve long term financial
viability with minimal adverse impacts on the envir-
onment. Furthermore, although the current version of
the model is only suitable for short-term static ana-
lysis, given additional data, the longer term implica-
tions of both conventional and integrated arable
systems could be evaluated. Even without this addi-
tional data, the process of recording and valuing the

Statistical significance (p values) for the financial and environmental main and interaction effects at the Pathhead, Scotland site, 1993-1997

Source Net margin Nitrate residues Earthworm biomass Beetles and spiders®
System 0.993 0.263 0.245 0.473

Year 0.000 0.664 0.940 0.000

Crop 0.000 0.033 0.041 0.000

Year by system 0.938 -° 0.703 -

Year by crop 0.002 - 0.131 -

“The effects of field and month of collection for beetles and spiders has been removed from the data.

“Insufficient data.
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environmental information as it becomes available can
provide valuable insights regarding the impacts of
differing agricultural systems on the environment.
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