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PROJECT NO. 5165: A SPATIAL ANALYSISOF AGRICULTURE IN THE
REPUBLIC OF IRELAND, 1991 TO 2000

Caroline Crowley? David Mereditth and Jim Walsh

SUMMARY
By linking farm census and administrative data frime CSO and DAF to a
geographic information system and analysing thepimgpoutput, this project shows
the continued broad division of farming in the staito marginal farming areas in the
north and west and more commercial farming areéiseirsouth and east. While this
division was compounded by the 1992 CAP reformd,@mmercial farming became
more spatially concentrated over the 1990s, tHaante of the development in the
non-farm economy, particularly in peri-urban ruaed¢as across the state, provided
local drivers of change that encouraged entergu$stitution to beef production, the
farming system most readily combined by farm hadeith another job. A full report
on the mapping output will be produced in a forthatg publication (see

publications list).

A local regression technique was employed to assmsshe relationships of
influential factors on average farm economic swalg across the state. With the
rising importance of the non-farm economy to a greproportion of farm holders,
varying local conditions of accessible urban emplegt and rural economic
diversification will increasingly underpin the geaghy of Irish agriculture

necessitating the use of such statistical modeisithee to changes across space.

OBJECTIVES
The purpose of this project is to, firstly, proviaeletailed empirical analysis of the
geography of agricultural production in 2000 analednges over the dynamic period
of the 1990s to update the work of Laffeetyal. (1999). The empirical analysis is
related to the effects on Irish agriculture frora 992 reforms of the Common

Agricultural Policy by assessing the uptake of ctele policy measures. The analysis
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also explores the influence of Ireland’s unpreceésieconomic development, which
coincided with the implementation period of the 249AP reforms and compounded
the diversity of the spatial consequences, as typities in the non-farm economy
were unevenly distributed across the state. Thealyses show that the CAP reforms
and national economic development had differentiapsonsequences as farm
holders in commercial and marginal farming areapaaded to them along different
trajectories. Findings are synthesised into a ggylbf five zones that provide an

overview of Irish agricultural geography at thentoff the millennium.

Secondly, acknowledging that the geography of laigticultural production does not
follow neat, administrative boundaries, the promuiploys the local statistical
technique of Geographically Weighted Regression EG\8 reveal the diversity of

local relationships across space, as an aid toypdévelopment.

DATA AND METHODS
The research was based on data from two main sourbe Central Statistics Office
(CSO) provided farm data from the Census of Agtizel and the Department of
Agriculture and Food (DAF) provided administratidata on selected agricultural
policy measures, all at the level of the Elect@iision (ED). In 1991 some 3,100
EDs (out of a total of more than 3,400 EDs in tfa¢ey had agricultural activity and
this declined to less than 3,000 by 2000, dueeeipansion of urban areas,
especially in Dublin. The CSO used the same metlbggidor the Census of
Agriculture in 1991 and 2000; this comparabilitpders spatial farm data compatible
at the ED-level, which allowed an investigatioroinhanges in farm structures and

farming systems at that spatial scale for the finse.

The spatial data were linked to a geographic in&drom system (GIS) and maps of
raw data and of derived indices were generated AritivMiap 8.3 for the empirical

analysis. Data in most of the maps were classife@dg the quantiles classification
scheme, which allocates an equal number of théa$paits to each of five classes

and enhances map-reading accuracy.

In the geostatistical analysis, ordinary least segi§OLS) regression was conducted
in SPSS 12.0 to explore the global models, whetiebyutput was considered to
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apply across the state, while GWR 3.0 (ncg.nuimcig@lGWR/) was used to explore
the local models and to reveal spatial variationthe modelled relationships at a
local level. Their outputs were combined with theualization power of the GIS to
generate maps of the analytical results for inegtion. Policy relevant variables of
average farm economic scale and productivity psat End labour inputs were used as
dependent variables in the analysis.

GWR recognises that spatial nonstation&iityprocesses may exist and extends
traditional linear regression by allowing the estiran of local parameters, so that the

linear regression equation becomes:

Y, :ﬁo(ui7vi)+2ﬂk(ui’vi)xik té&,

where (u;,Vv;) denotes the coordinates of the ith point #@u.,v;) represents the

continuous function of3, (u,v at pointi (Fotheringhanet al., 2002).

To weight the data, a spatial kernel is placed eaeh calibration point (ED centroid)
and the data around that point are weighted, wsiwgighted least squares approach,
according to the distance-decay curve of the keAtahe regression point(ED
centroid), the weight of the data point is unitgyels one); it falls towards zero with
increasing distance between the regression pothttendata point. Thus, data
observations near to regression poinave a greater influence on the estimated
parameters of the relationship being measurediat pthan distant observations. In
this way, GWR accounts for the fact that procesasekrelationships may vary
significantly over space related to spatial factbet range from physical,

environmental and economic to social, cultural political.

RESULTS
Land Inputs Agricultural area in use in 2000 was almost uncjesl at 4.4 million
hectares, out of a total of 6.9 million hectarethim state, with over 50 percent of land
in most EDs outside of upland areas being usetafar production. But this static

impression masks spatial variation in change dwerl®90s with increases in

% Whereby the measurement of a relationship is émfted by the location of the measurement.



farmland more likely in the north and west of thetes in areas of limited land use
ranges. Introduction of area aid system for livelsteubsidies in the 1992 CAP
reforms, whereby livestock payments are linkeddalsng limits based on available
forage area, provided an indirect incentive fodlaaclamation and/or the use of
previously unused rough grazing land. The largestgntage declines were recorded
in Dublin and the Mid-East counties of Meath, Kildand Wicklow, linked to
population growth and expansion of transport inftature. Afforestation grant aid
introduced in the 1992 CAP reforms provided anothegntive for taking land out of

agriculture.

Average farm size (excludes commonage) in 200034a% hectares, an increase
from 26 hectares in 1991, and maintains its loagding pattern of larger farms in
the south and east, underpinned by factors suldrges field systems and superior
land use ranges, and in upland areas, where faariarger to compensate for
limiting land resources [Map 1(a)]. Spatial changesr the 1990s reveal a strong
southeast to northwest gradient of higher increag#is increases greater than 25
percent more characteristic of Connacht and albeddorder, reflecting the smaller
average farm sizes in these areas but also theaeffarm enlargement occurring

there over the decade.

Considering the sluggish land market in Ireland #nedtrebling of land prices over
the 1990s, renting-in land is probably the mosbhatrategy for farm enlargement.
By 2000, 32 percent of all farmers rented-in laandjncrease from 21 percentin
1991. There are higher incidences of farms reritingnd in east Donegal, the north-
east, the south-east and the Munster dairying me@ié percent plus), a pattern that
reflects the positive association between rentmigund and farms of larger size and
economic scale [Table 1]. Nevertheless, increas#ei practice occurred across
much of the state over the 1990s, with the excemifaipland areas, which indicates

a rise in land mobility.



Table 1 Land rented-in by selected farm size (ha) classes, 1991 and 2000

} Farmswith land rented-in (%) Average area rented-in (ha)
Szeclass
1991 2000 1991 2000
Farms <20 ha 13 17 6.1 6.0
Farms=50 ha 43 61 335 34.5

Derived from: Census of Agriculture 1991 and 2000

The average area of land rented-in by 2000 wasttates, up from 15 hectares in
1991. A comparison of spatial patterns of the ayerrea of land rented-in by
farmers and rented-out by farmers, reveals thaides are more likely to rent out
land in the south and east, including east Doneggle many EDs in the north and
west did not enumerate any farmers renting-out.lahds, both the demand for and
supply of rental farmland were greater in the namemercial farming areas of the

south, east and east Donegal.

Labour InputsFarm labour inputs are measured in Annual WorkdJAWU),

where one AWU equals 1,800 hours or more of lalogauit per person per annum
and it accounts for the labour of family membeegutar non-family workers and
agricultural contractors. The spatial pattern bblar inputs in 2000 reveals that
higher values of 1.13 AWU plus are characteristithe south, east, eastern Donegal
and the southern midlands. Declines in AWU weremed in 88 percent of EDs
across the state over the 1990s with the mosteatile exceptions being increases in

the mid-east, particularly in east Meath.

In 1991, 73 percent of farm holders described fagnais their sole occupation; by
2000, this had declined by 37 percent to 56 perakall farm holders [Table 2].



Table 2 Number, proportion and changesin farm holders per occupation
category, 1991 and 2000

Occupation category Farmersin 1991 Farmersin 2000 Change (%)

Number (%) Number (%) Number
Sole occupation 124,746 73 78,723 56 -37
Part-time farm holdefs 45,147 27 62,619 44 39

Derived from: Census of Agriculture 1991 and 2000

The highest incidences of 59 percent or more @& sotupation farming among farm
holders occur in the southern half of the stategist Donegal and to a lesser degree
in the northeast. Large declines of 40 percent pbasir through central Connacht,
Cavan and Monaghan, associated with the push fat®mall and low income farms
in those areas, as well as Dublin, east Meath artti Vicklow, linked to a

particularly strong labour market in the region.

Combining farming with other paid work is a longaddished strategy among Irish
farm holders and households and it became more conaver the 1990s. By 2000,
44 percent of all farm holders engaged in gainfui-agricultural activity either on or
off the farm, an increase of 39 percent from 2Z@et of farm holders in 1991. The
highest incidences of such part-time farm holdeioacross the northern half of the
state, especially the northwest, extending thrabhghmidlands into areas west and
south of Dublin, as well as the extreme south-wHsis reveals regions where farm
holders are particularly dependent on gainful ngnealtural activity and thus where
investment in the wider rural economy and ruraedification, e.g., in the northwest,
midlands and southwest, has the potential to bielmeter proportions of farming

families.

There were increases in the number of part-tima taolders over the 1990s
throughout the state, signalling the growing andespread applicability of this
income supplementation strategy among farmers. tiénsl reflects the influence of
increased job opportunities in the industry andisersector along with superior

wages from such jobs.

* Farm holders reporting gainful non-agriculturaivity which includes agricultural contract work.



MechanisationWhile the number of active farms and the numieenployed in the
regular farm labour force both fell by approximgt&l percent over the 1990s, total
farm labour inputs declined at the higher rate®p8rcent, which suggests the

influence of increasing mechanisation.

By 2000, there were still farms in Connacht, Dohegal the extreme south-west in
particular without a tractor in spite of increagesnechanisation throughout the north
and west of the state over the 1990s. Conversdiyeareas in the south, east and
eastern Donegal were more likely to exhibit atties® tractor per farm in 2000,
these areas were also characterised by widespeefidet of ten percent or more in
the numbers of tractors over the 1990s. Thesedrarelunderpinned by the
widespread practice of hiring-in tractors, with theception of much of Donegal, west
Galway and Dublin. Hiring-in machinery includes skedrought in by contractors,
and an assessment of the spatial patterns of kimidgferent types of machinery
reflects the distribution of the farming system#wihich the equipment is
associated. The hiring-in of forage harvesterofedl the distribution of specialist
dairy farming and was enumerated on over 30 pexfeiarms in the top quantile.
Hiring-in of slurry tankers follows the distributicof cattle farming and silage
production and was recorded on 35 percent pluarafg in the top quantile. Hiring-in
sowers, distributors and sprayers was enumerated@@28 percent or more of
farmers in the top quantile in areas that corredpuith arable production. These
patterns and rates of hiring-in machinery indichgewidespread input of agricultural

contractors to Irish farm labour by 2000.

Farm economic scal@he economic scale of a farm is measured in EBaoBize

Units (ESU), where 1 ESU = €1,200 of standard gneaggins for farm output or the
monetary value of its gross production less specifists. The spatial pattern for
average farm economic scale follows that of avefaga size, except in upland areas
due to their lower land use ranges [Map 1(b)].00@ the average farm economic
scale was 20.7 ESU, an increase of 78 percent Irhfin 1991. Values of average
farm economic scale of 33 ESU plus are almost skaily found in the south and
east of the State along with eastern Donegal. §pasial pattern reflects the
geography of the more lucrative farming systems @it average of 144 ESU among
‘other’ farms (specialist pig, poultry or horticuttl enterprises), followed by
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specialist dairy and tillage with averages of 46JEfd 38 ESU, respectively. In
comparison, specialist beef and specialist sheepsfare low-income systems with
averages of just nine ESU and ten ESU, respectittedy are most strongly associated

with the north-west and upland areas.

The vast majority of EDs underwent increases iratferage scale of farm business
over the 1990s. The greatest concentrations ofte&idisplay increases in excess of
80 percent are throughout much of Cavan, Monaghdriveath as well as most of
Connacht. In contrast, EDs in the south and eaptall comparatively smaller gains

in average economic scale of farms.

Land Use and Farming Systenf®asture remains the dominant land use and takes u

50 percent of farmland. Grass silage occurs on sthmwe quarter of farmland,
followed by rough grazing on 11 percent, cropsi fiad horticulture on nine percent,

and hay on just six percent [Figure 1].

24%

@ Pasture

O Silage

W Rough grazing
@ Crops, fruitand

horticulture
E Hay

Figure 1l Land use, 2000

Derived from: Census of Agriculture 2000

The geography of crops, fruit and horticultureeett that of arable farming with
percentages of 16 percent plus in much of the(easept Wicklow) and parts of the

south. Only three percent of farms in the stateagadn specialist tillage farming

® A specialist farm is one in which a single farntivity accounts for at least two thirds of the fasm

total standard gross margins.



This farming system became more spatially conctedraver the 1990s, with
increases of 29 percent plus in its southeastesngttold, especially Wexford and
Carlow, and declines at the margins of arable fagnaireas, particularly in Meath and
Louth. These trends are noteworthy in the contégtimate change research by the
Environmental Protection Agency, which predictd tiealuced rainfall in the
southeast will restrict water availability and thagse a challenge to crop production

in Ireland’s primary tillage areas.

The distribution of pasture corresponds with amdasattle farming and ranges from
60 percent plus of farmland from north Munstertte Border dropping to 43 percent
or less in upland and arable farming areas. Peagenhcreases of 25 percent or more
over the 1990s are found throughout Donegal, leejtwest Connacht and the
extreme south-west, which contrast with decreatsewen percent and greater in the
east. The western pattern of increases suggeshgrevement of rough grazing land.
Silage production is associated with dairy farmamgl makes up 32 percent plus of
farmed land in much of Munster and the northeastgared to 18 percent or less in
upland and arable farming areas. In response ¢éoiesof wet summers and grant aid
for storage facilities, increases were widespreast the 1990s with highest values of
64 percent plus in the northwest and extreme saghwhe largest extents of high
percentages of hay and permanent meadow (8 peeytoccur in east Connacht,

Longford, west Clare but declines were widespreaat the 1990s.

Almost 19 percent of all farms in 2000 were spesialairy farms. This farming
system has two main strongholds: the largest Munster extending into south
Leinster (35 percent plus of all farms per ED), #melsmaller concentration is found
in the northeast (22 percent plus). The numberaldarms declined by 37 percent
over the 1990s. Decreases were widespread withvoatey high declines of 42

percent plus throughout the northeast and in thgimaof the Munster stronghold.

In 2000, 51 percent of all farms in the state werine specialist beef farming system.
The largest extents of high incidences (70 peroentore) of specialist beef farms
are found among EDs in the north-west: east Maljgop 3_eitrim, Roscommon,
Longford and north Galway. There is a second camaton of such high values in

Clare that extends into south Galway and west div®acity. In contrast to the
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national decline of 17 percent in the number afiaover the 1990s and declines in
all the other farming systems, the number of spistiaeef farms actually increased
by 0.5 percent. Specialist beef production incrédse40 percent plus in the
traditional dairying regions of Munster and thethegast, in east Donegal and in a
band from east Galway to the southeast, indicatidgspersal across lowlands beyond

its core areas.

Specialist sheep farms comprised over eight pexfeit farms in the state in 2000.
Sheep farming is associated with the uplands, dsas¢he lowlands of south
Connacht and of south Leinster, where 53 percesst @i farms are engaged in this
farming system. The number of specialist sheepdatetlined by 18 percent over the

1990s and the pattern of change reveals a retfrsheep farming from lowland areas.

Table 3 summarizes the number, size, and econarale sf farms across the farming
systems found in the state, and how these chargfaceén 1991 and 2000.

Table 3 Average farm size (ha), economic scale (ESU), farm number and changes
by far ming system, 1991 and 2000

Farming system 2000 Change since 1991 (%)
Farm Averagefarmsize | Farm Av. farmsize
number (ha) (ESU) | number (ha) (EV)
Other 1,752 25.1 144.4 -25 64 386
Specialist beef 72,141 24.2 9.4 0.5 29 141
Mixed grazing livestock 20,729 33.6 17.7 -32 30 103
Specialist dairying 26,292 428 45.8 -37 30 86
Specialist tillage 4,736 53.9 37.9 -6 8 58
Mixed crops/livestock 3,644 50.5 32.7 -15 -0.5 54
Specialist sheep 12,233 319 10.1 -18 10 16

Derived from: Census of Agriculture 1991 and 2000

Agricultural policy measureshe Early Retirement Scheme (ERS) and the Rural

Environment Protection Scheme (REPS) were two@fbtttompanying measures
introduced under the 1992 CAP reforms. The ERS wages farm transfers to

younger farmers to encourage farm developmentlaatdeen 2000 and 2003,
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participation in the scheme continued to exhikét plattern first noted by Laffergt
al. (1999) with higher uptake in the southern halfraf state where both commercial
farming, and land acquisition through lifetime s&ers and purchases, are more

common.

The REPS compensates farmers for income loss eatiy farming practices that
conserve natural and cultural heritage. An assassofiehe uptake of REPS and of
farms that availed of headage payments (now thadventaged Area Compensatory
Allowances Scheme) around 2000 reveal comparablgaspatterns. Thus, the agri-
environmental scheme is particularly attractivéatoners located in Less Favoured
Areas of the north and west with natural handidagarm production, typified by
small-scale cattle enterprises, rather than to tawlders in the more intensive
farming regions of the south and east, indicatisgadle as an income supplement in
marginal farming areas. Nevertheless, increasEIAS participation between 1999
and 2003 occurred not only in the north and wastalso along the south and east to

Wicklow indicating the rising participation in conential farming areas.

These schemes reflect the divergent trajectoridssbf farming over the 1990s as the
ERS incentivized the transfer of farms to successomore commercial farming
areas in response to rising competitive pressaréei farming sector, while the
REPS supplemented farm income on farms in mardgmaling areas. Their uptake
patterns highlight the continuing divide of morergiaal farming in the north and

west and more commercial farming in the south ad. e

The geographical synthesihe detailed empirical analyses of the geograpbie

farm structures, farming systems, agricultural messand part-time farming were
synthesised into a typology of five farming zonegtovide an accessible overview
[Map 2Map 2(a)]. The three zones in the north ardtwef the state are: Purple Zone
of High Nature Value Farmland, Blue and Green Zafe&gricultural Sustainability
through Part-time Farming, with the Green Zonehfairtdistinguished as an area of
Waste Management Challenge. The two Zones in thih snd east are: Orange Zone
of Commercial Agriculture and the Red Zone of Tisda Agricultural

Sustainability.
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Geostatistical analysigiverage farm economic scale per ED measured in &E&4

the primary policy relevant dependent variableekt for the regression analysis.
Based on the definition of ESU, influential indedent variables were selected that
represented the type of farmland use, land usasitye intensive indoor production
systems, farm size, farm mechanisation, labounsitg, farm holder age and

occupation type, and distance from urban centres.

Using stepwise regression, the OLS regressﬁ)reﬁbhed 91 percent with the
addition of just three independent variables: lasé intensity measured in livestock
units per 100 hectares, average farm size anchtre of total livestock units
represented by dairy cows and dairy heifer-in-CEfis means that 91 percent of the
variation in average farm economic scale is astetiaith these variables. But the
global model’s residuals exhibited significantlysfitve spatial autocorrelation
(Moran’s I: 0.02, g0.01), which means that any inferences drawn fioergtobal

model are questionable.

When this model was calibrated in GWR using theesaariables, the GWR model
delivered an improvement in goodness-of-fit (At&clined by >3). Map 2(b) of local
R? values across the state reveals that the modelrpes better from the north-east
through the midlands, and from east Connacht toeGlad south to Cork. Relating
this pattern to the farming zones typology, the eldds lower explanatory power in
the Red Zone in the mid-east, the Purple Zoneeftbst, the Clare/Galway border in
the Blue Zone and around Waterford in the OrangeZbocal factors that may
explain the lower explanatory power of the modehiese areas include the negative
and positive effects, respectively, of the paraeiyl strong labour market and large
consumer market in the Red Zone, and the negdiiwet ®f peripherality in the
Purple Zone. Relatively high percentages of commena 2000 along with increases
in farm fragmentation over the 1990s are also datarstic of EDs across most of
these areas, and may be other influential factotisa spatial pattern. This example
highlights how national policies informed by mecisams expressed in global models
may be inappropriate at regional and sub-countglland that GWR models provide

a tool to help in the design of location-specifigiaultural policies.
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KEY FINDINGS
In terms of the changing geography of Irish agtim@ between 1991 and 2000, one
of the most important findings is the expansiobedf production, particularly
through enterprise substitution on small-scaleyd@irms in the dairying regions and
mixed grazing livestock farms in lowland sheep fiaugrareas. On dairy farms, this
expansion is underpinned by the continued polisyraints on milk production due to
the milk quota introduced in 1984, combined wiimg competitive pressures on
Irish dairy farmers over the 1990s, which drovesalidie in specialist dairy farms at
over twice the rate of decline in all farms. Thangition to specialised beef
production also facilitated farm holders to combi@ening with another job and
thereby take advantage of the unprecedented dewelan the national economy
over the 1990s.

The spatial pattern of changes in combining farmiuiiy other work indicate that this
income supplementation strategy is being takenyufadmn holders across the state,
which highlights the need to implement the regia®telopment goals of the
National Development Plan through the frameworkhefNational Spatial Strategy
and achieve rural diversification under Pillar Zlué CAP through the national Rural
Development Programme. This is confirmed by findimgnumerous farmer surveys
by both Teagasc and rural development groups af@easingly negative outlook for
the future of farming, especially in comparisorotber careers in terms of income
potential and living standards, combined with tbetmued desire among the
increasingly well-educated potential farm successoboth commercial and
marginal farming areas to continue in farming ddbjob opportunities and rural
services are available. Together, the results igighhow rural development is
increasingly important to agricultural sustainahiliAs a result, the geography of
Irish agriculture is likely to become more divemseesponse to local socio-economic
conditions and the application of GWR in this pobjshows its potential to help

design more territorially-specific agricultural gyl and rural development measures.
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