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Abstract 

The Arable Area Payments Scheme of the European Union has been in operation 
since 1992/3, requiring most farmers to set aside a proportion of their arable land from 
production as a condition of receiving area-based payments for crop production. Set
aside can provide new opportunities to improve local bird, mammal and insect 
habitats as well as encouraging rare arable weeds. However, environmental and 
agronomic objectives frequently conflict, particularly in the area of weed 
management. These can be lessened if the management adopted is the most 
appropriate for the farm in question. A tool was required to predict weed growth and 
plant succession at set-aside sites. To this end a Geographical Information System has 
been developed which links plant distributions to a model of successional change. 
Speedy manipulation of both data and models is achieved through a customised user
interface. The results can be used to inform management decisions taken at the farm 
scale to maximise the ecological benefits of the set-aside scheme. 
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INTRODUCTION 

In 1992 the European Union reformed the Common Agricultural Policy, setting up 
the Arable Area Payments Scheme. To reduce surplus production, it subsidises arable 
farmers throughout Europe to remove a set proportion of their land from production 
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from one to five years. In 1995 The Institute of Terrestrial Ecology, together with 
ADAS and the British Trust for Ornithology were commissioned by the Ministry of 
Agriculture, Fisheries and Food to evaluate the agronomic and environmental impacts 
of set-aside in England. 

1.1 Details of Scheme 

Set-aside is a compulsory element of the Arable Area Payments Scheme, all but the 
smallest farms must set aside the required % of land, otherwise crop subsidies are 
forfeited. This is 5% for 1997, but has been as high as 18%. Management is 
prescribed, both in terms of timing and type, with complex rules governing the 
application of the scheme. In summary the following main points apply: 
• there are two types: rotational and non-rotational; 
• farmers may only set aside land which they have farmed for two years;; 
• the land can be sown to a) grass b) wildflower mixture c) wild-bird cover d) 

short rotation coppice or e) left to naturally regenerate; 
• the land cannot be put to any agricultural use and non-agricultural use is strictly 

controlled (MAFF 1996). 

Set-aside is a short-term land management policy. The land must be maintained in 
good order, so that it may be brought back into arable production at the end of the 
agreed period. 

1.2 Why is Set-aside an environmental issue? 

The scheme covers a large area of land, for example in the UK in 1994, 748,000 
hectares of arable land were set-aside. This represented 50% of the surface area of the 
ten national parks of England and Wales (DOE 1996) . The majority of this land area 
is in the south-east of England, where there are no national parks and there is a need 
for conservation in the wider landscape. The potential benefits of set-aside to flora and 
fauna were recognised early on, and vary according to the management adopted. Rare 
arable species such as cornflower (Centaurea cyanus) and prickly poppy (Papaver 
hybridum) have been observed on set-aside land (Firbank eta!. 1993); with associated 
increases in butterflies, bees and spiders (Corbet 1995). The birds of lowland 
farmland benefit, both in terms of new nesting sites, feeding grounds and the 
increased diversity of land cover (Dodds eta!. 1995). 

1.3 Reconciling environmental and economic issues 

Environmental benefits are only one side of a management equation which must try 
to balance ecological gain with agronomic cost. Conflicts arise and nowhere is this 
more evident than in the area of weed management. Common and pernicious weeds 
can increase in abundance, particularly under natural regeneration (Clarke & Cooper 
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1992), with a particular worry of farmers being the risks associated with a build up 
of weed seeds in the soil, which can cause costly infestations when the land is 
returned to arable production. However, killing the weeds may also kill scarce and 
beneficial plants. Three questions need to be answered: 
• what plants are likely to occur on set-aside land? 
• Where are they most likely? 
• How common are they likely to become? 

Ifthis information can be provided to individual farmers, they will be able to make 
more informed decisions about which fields are entered for the scheme and under 
which management. 

2 AIMS AND OBJECTIVES 

The overall aim of the project was to predict the impact of set-aside under different 
management practices for each 2km square of Great Britain. A system was needed to 
provide a species list for any site which could then be used to predict plant 
communities after set-aside. Critically, this system needed to account for a variety of 
management practices at a farm scale. In addition, the geographical location of the 
farm needed to be linked to national distributions of soil type and arable plant species. 
To this end, a Geographical Information System (GIS) was developed which linked 
models of plant species distributions to models of community succession in order to 
predict what is likely to grow and which weeds are likely to dominate. The objectives 
of the Set-aside GIS were threefold: 
• to display and maintain national soil-type and land-cover data sets of Great 

Britain to allow full interrogation of the information at a wide range of spatial 
scales; 

• to forecast the vegetation change which would result from the implementation 
of different management strategies at particular locations; 

• to provide easy access to all data and models. 

3 THE SET-ASIDE GEOGRAPHIC INFORMATION SYSTEM 

The Set-aside GIS incorporated two separate models , the first predicted plant species 
distributions at the 2 km scale for Great Britain, so answering the first two of the key 
questions: what and where? The species distribution model resulted in species 
occurrence maps for 260 arable species (Figure 1 ). These in tum provided the primary 
input to the species successional model which used these species maps, together with 
management information, to predict species succession at a known location. Finally, 
the GIS displayed the output of the model in a graphical form. The primary role of 
the GIS was to manage the queries asked of the data whilst maintaining the links 
between data, models and display. 
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Figure 1 Example output from the species distribution modelling process, showing 
the probability of occurrence for blackgrass (Alopecurus myosuroides). 

3.1 Data Sets 

All ofthe data sets which are currently held have national coverage of Great Britain 
at a variety of resolutions: 25m, 1 km, 2 km or 10 km. They can be divided into core 
and species data sets. Three core data sets are held, the first of which is the 25 metre 
Land Cover Map of Great Britain, derived from LANDSAT remotely sensed imagery 
and classified into 25 major land cover types (Fuller et al. 1994). A second core data 
set summarised the percentage arable cover in each 1 km square. Lastly there is the 
Soil Survey and Land Research Centre dominant soils map of Great Britain at the l 
km scale. 

The species data were collected by the Botanical Society of the British Isles (Palmer 
& Bratton 1995). This survey was carried out in 1988, with sampling based on a 
regular grid of every ninth 10 km square of Great Britain. Three 2 km squares within 
the 10 km were surveyed, with a complete plant species list compiled. Each individual 
2 km square is called a 'tetrad'. Smoothed probability of occurrence maps of 260 
arable species in every 2 km were derived directly from this data set (Figure 1 ). The 
third species data set is the ITE Biological Records Centre 10 km species maps, which 
includes all records for the last hundred years for every 10 km in Great Britain. 



76 Part Two Ecological and Agricultural Applications 

3.2 The Menu Interface 

A key component to the work was the development of a customised menu interface 
which could be made accessible to researchers from all disciplines. The graphical 
user-interface (GUI) of the Set-aside GIS has been built in tandem with the database 
and generation of the map information. In common with a number of successful 
ecological applications, all of the stored data and associated models are accessible via 
this menu-driven front end (see Miller 1994). This method serves a number of 
purposes: the entire data set is presented in a structured and consistent framework; the 
non-GIS user is guided, increasing the accessibility of the system; access to the data 
sets is direct and efficient, aiding fast display; most importantly the GUI hides the 
command language, allowing connections only at a relatively high level, thus 
protecting the data sets from corruption. 

4 THEMODELS 

4.1 The Species Distribution Model 

Presence/absence data for set-aside species were taken from the BSBI survey and 
smoothed to produce a probability response surface using a Gaussian smoothing 
function, covering each tetrad in Britain. The Gaussian function (root mean square 
radius 30 km) provided a greater weighting to the Monitoring Scheme tetrads which 
lie close to a target position. The weighting decreases with distance from the target 
position (Le Due et al. 1992). 

The distribution model then took account of species affmity to each of sixteen main 
soil groups in Britain. This was calculated as the proportion of the tetrads containing 
that soil that also contained the species. For this purpose, soils data at the 1 km scale 
were aggregated to the tetrad scale (at 2 km). Then the probability of finding a species 
within a given tetrad was defined as the affinity of the species with each soil group, 
multiplied by the proportion of each soil in the given tetrad. 

For each of the 788 Monitoring Scheme tetrads, three variables were then available: 
species presence/absence, spatially smoothed species probability and soil-based 
species probability. Treating species presence/absence as the response variable, the 
probability of occurrence was estimated by a logistic regression as a function of the 
two other variables (Jongman et al.1987). The regression then provided: a constant 
term and coefficients relating to spatial smoothing and soil type for each species. 
Using each species-specific parameter and the tetrad-scale data set, a FORTRAN 
program interpolated the probability of the species for every 2 km square of Britain. 

The interpolated values are estimates of the probability of occurrence across all 
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habitat types in each tetrad; the probability values were further refined for arable 
habitats, specifically first year set-aside. This was achieved by using a scaling factor 
(P*) for each species. Each scaling factor value was calculated using species lists from 
49 ex-arable sites which had been in their first year of natural regeneration. P* was 
calculated by observing the frequency of occurrence of a given species over the 49 
sites and dividing this by the sum of the predicted likelihood of occurrence obtained 
from the model predictions. The probability of a species occurring on first year set
aside land is therefore, the probability of a species across all habitiats multiplied by 
the P* value. These values were mapped by the GIS for 260 species and form the 
primary input to the second of the two models involved, the species succession model. 

4.2 The Species Succession Model 

SETSARIO is a model of successional change on arable land (Hill 1992). The initial 
abundance of each species and the initial state of vegetation give the starting plant 
community. The model accounts for: interspecific competition; land management; 
recruitment from the seed bank, the bud bank and the field boundary. Each species in 
SETSARIO has a range of attributes which determine the outcome of competition as 
well as the varying growth patterns. The initial species composition was taken from 
the output maps generated by the species distribution model through a process of 
stochastic sampling. A random number between 0 and 1 was generated for each 
species; if it was less than or equal to the probability of occurrence predicted for that 
species at that location, the species was included within the initial vegetation. For each 
model run, the user must specify three things: the location within Britain, the number 
of years to run the model, and the management regime. A series of management 
options are available within SETSARIO ranging from no management (i.e. natural 
regeneration), to a series of cutting options or light cultivation. Management is 
assumed to remain constant throughout the model run. 

5 RESULTS 

The results are presented as cumulative percentage graphs which are generated by the 
GIS using the output data from the successional model. These summarise the 
dominance of certain groups of species at that location over time. Table 1 shows the 
differing effects predicted for two types of set-aside management at a site located on 
a clay soil in Eastern England: a May hay-cut and a later September cut. It can be seen 
that the later cut increases the initial expected amount of blackgrass, though the 
subsequent decrease is as sharp as for the May cut and by year five it has ceased to be 
a problem as a result of inter-specific competition from other species. In contrast, the 
creeping thistle is not expected to get established with an early cut, however, a late 
cutting regime allows it to dominate the sward by year 5. Field bindweed benefits 
from an early cutting regime, reaching high levels by year three. 
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Table I Individual species contributions predicted for ten years. 

Species(%) 1 2 3 4 5 6 7 8 9 10 

blackgrass May 17 17 7 0 0 0 0 0 0 

Sept. 25 20 9 0 0 0 0 0 0 0 

creeping thistle May 0 0 0 0 0 0 0 0 0 0 

Sept. 1 6 22 35 33 29 26 24 22 21 

field bindweed May 7 27 49 43 29 21 16 13 10 9 

Sept. 0 0 0 0 0 0 0 0 0 0 

6 DISCUSSION 

The scenarios presented are illustrative of the exploration of the data and models that 
can be undertaken in the Set-aside GIS. Of course the model does not provide a 
definitive answer to the farmers three questions: what, where and when? However, it 
does relate site and management conditions to national and regional data sets, 
allowing botanical knowledge to be translated into sensible farm management advice. 
From an agronomic perspective the temporal aspect of the system is vital giving some 
indication of potential weed problems. Likewise, from a plant community perspective, 
adopting long-term set-aside may actually have a negative impact on some groups of 
plants. Many of the most desirable plants encouraged by set-aside in the short term 
are annuals which can be lost if long-term set-aside is in place. The system is a 
management aid, showing how different scenarios may or may not benefit a particular 
location. The timing of management and the length of time the field is entered into the 
scheme can be assessed. Balancing the concerns of the farmer against perceived 
ecological gains is never an easy task and compromise is inevitable. The Set-aside 
GIS goes some way to informing the decisions made and maximising the 
environmental benefit. 
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