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Agriculture’s inter-industry linkages, aggregation bias and

rural policy reforms

Lindberg G., Midmore P. and Surry Y.

Abstract

As agricultural policy reform and its effects hasecome increasingly territorialised, analyses
which attempt to explain or predict impacts needémore localised but also identify spill-
over effects. In addition to the predictions of ipplshocks predicted by sectoral partial
equilibrium models, local and regional general diduium approaches which establish the
wider effects of such policy shocks have becomel@opHowever, these neglect a major,
underexplored difficulty: agriculture is usually stxibed as a single sector in input-output
accounts, whereas policy shocks with differentigbacts have effects on other industries which
are different to those implied by average inputpoit coefficients. Regionalisation of
aggregated input-output tables adds further to éhéifficulties. The objective of this paper is to
develop a relatively simple method for dealing witiese problems. It establishes the
theoretical basis for aggregation bias and shows libcan be measured, in two contrasting
case study regions in the United Kingdom and Swedawving established that this is a
significant problem, a simple but effective proaedis demonstrated, based on additional
information on variable costs, which transforms ippl shocks from a direct change in
agricultural output to that transmitted to the slipps of inputs. This method provides an
impact close to that which could be calculatedh# general equilibrium system had indeed
been disaggregated, and supports use of this agpragaimpact studies where the researcher
does not have the time or funding available for plately disaggregating the agricultural
sector’s regional accounts.

Keywords: agricultural and rural development polieyaluation, CAP, input-output analysis,
aggregation bias

JEL classification:

1. INTRODUCTION

Agricultural policy reform in most developed coue$ has shifted emphasis away from
commodity support and towards environmental cotdragiversified production practices and
rural development (Diakosavvas, 2006). The delivefypolicy and consequent associated
economic shocks which might arise from its reforas tbecome increasingly territorialised:
impacts will differ according to local resourcdse thature of regional economic structure, and
the effectiveness of governance (Wattsal, 2009). Alongside (and partly related to) this t
economic importance of agriculture within the oWlemaral economy has diminished, with food
manufacturing, tourism, and public service employimeorrespondingly increasing their
contributions (Copust al, 2006). This implies that analyses that attempxplain or predict
the impacts of policy reform need to be extendedhfsectoral microeconomic models to more
localised multisectoral general equilibrium appies which identify spill-over effects, both
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sectoral and spatial. Such impact multiplier eBeate now required for the purposes of
European rural policy evaluation (European Commigs2006: 8).

Broadly, two types of general equilibrium approacheist: fixed-price Leontief-style
Input-output (I0) models (including Social AccoungtiMatrix (SAM) multiplier models, which
expand the examination beyond productive institgito households, government and income
distributions); and Computable General Equilibrig@GE) models, based on SAMs, which
relax the assumption of fixed prices. Both of thapproaches have been developed to explore
various dimensions of rural economic change atllocaegional level. Uses of the first type
include, for example, assessment of impacts ofgreavironment scheme on incomes and
employment using local 10 models in Norfolk, Devand Derbyshire in the UK (Harrison-
Mayfield et al, 1998); use of an IO framework to investigate loegn structural changes on
the regional economy of East Macedonia and Thracbldrtheast Greece (Ciobar al,
2004); and comparison of 10 multiplier effects bet2003 CAP reforms in six European
regions (Mattagt al, 2008).

Use of the standard Leontief model is questiongidetjcularly because of its reliance on
linear, proportionate, constant returns to scabelpetion functions (McGregaat al, 1996) and
assumptions regarding factor supply (Kilkenny aadrdrige, 2009). SAM approaches allow for
more detailed interaction between production secémid other institutions, and, together with
estimates of behavioural parameters, provide teesliar CGE models. Thus SAM multipliers,
for example, have been used to demonstrate hovif@mnincrease in demand in agricultural
production, agri-food processing, forestry produttand processing, and tourism affected the
distribution of household income in South-westavarties of rural Wisconsin (Leatherman and
Marcouiller, 1999). Roberts (2000) explored theiliattion between rural areas and their urban
pole in the Grampian region in Northeast Scotlarsiihg a bi-regional SAM, which estimated
inter- as well as intra-local economic interactiofsaltopoulo®t al. (2006) and Robertst al.
(2009) respectively, have also used a CGE apprtaadompare the effects of a reduction in
CAP supports in bi-regional systems in Crete anatl&ad; single region SAMs have also been
used to determine the economic “footprint” of runsrket towns in England (Courtney al,
2007).

However, a major, but largely unexplored, diffiguielates to the nature of the “shock”
applied to these models. Usually, 10 transactioafrioces describe agriculture either as a single
sector or, at best, two sectors. In the most red&nmatrix (for 1995: ONS, 2002) agriculture
is consolidated into a single sector, along withting and related service activities. This means
that policy shocks with differential impacts (whjckay, affect crop production more directly
than livestock activities) would transmit indiregfects to other industries which are different to
those implied by the average 10 coefficients caltad for the sector as a whole. Consequently,
aggregation bias is introduced into estimates ofiemic impact.

Traditionally, the problem of aggregation bias fegifrom computational difficulties in
deriving inverse matrices from transactions tabilesprder to determine multipliers. Today,
with no substantive limit on computing power, pmbk of aggregation arise mainly from
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regionalisation and the need to link together 10dels with different sectoral classifications.
National 10 tables are often aggregated to fatditdata collection and management, even
though the underlying data would allow for a lardexaggregation. Further, regionalisation can
be problematic if data available at the nationakldsuch as output, value added, employment,
consumption, imports and exports) are not availabléhe regional level in the same sector
classification; and this often forces the regicaradlyst to aggregate.

More relevant, though, is the issue of accurately appropriately predicting direct
shocks that 10 and other general equilibrium mode¢sdesigned to evaluate. Linking up with
partial equilibrium models used to assess poliégrne impacts on the agricultural sector (for
example, Jonest al, 1995; Helming and Peerlings, 2003; Maitasl, 2008; Neuwahét al,
2008) can cause a serious loss of information. Ehbecause normally, such models describe
changes in terms of animal numbers, cropping aaslstpind areas. Applying this information in
terms of the value of an overall final demand cleattgnational or regional 10 models, where
agriculture is normally aggregated into a singletaeis the source of aggregation bias. It can be
shown, however, that with additional information w@ariable costs, such shocks can be
transformed from a direct impact on agriculturatpa to that transmitted to the suppliers of
inputs; yielding an impact close to that which ebbk calculated if the 10 system had indeed
been disaggregated.

The rest of this paper is divided into three sulista sections. First there is a review of
the basic framework of the 10 model, which providesasis for explaining the notion of
aggregation bias. Within this section two regioaatounts are also introduced, compared and
used to demonstrate that aggregation bias is sizaid warrants concern. Second, the method
proposed for dealing with aggregation bias andiritagrating partial and general equilibrium
models in applied work is introduced and testednio regions. This shows how the variable
cost approach can be used to transfer partialibquih results for agriculture to an 10 model,
and at the same time move the shock away from e rmggregated, bias-prone part of the
table. For analytic simplicity and convenience, emnpare results for both aggregated and
disaggregated models using standard demand-drivétiphers. It has been demonstrated that,
as most of the output of contemporary agricultsredld to processing and marketing activities,
traditional multipliers showing total effects ontput due to exogenous changes in final demand
are less useful (Roberts, 1994; Papadas and D2®8).1As the final section argues in more
detail, the principle developed here is of wideplagation and attention is drawn to the contexts
in which it can be most usefully deployed, and soofiethe practical issues involved in
integrating exogenous changes into the 10 framewoeglkidentified.

2. THE INPUT-OUTPUT MULTIPLIER AS A REGIONAL ANALYTICAL TOOL

The 10 transactions matrix is an accounting idgmtihich provides a static description of
inter-sectoral linkages within an economy at a gjgetpoint in time, including consumption of
intermediate goods and services by productive sgcfmal consumption expenditures by
households, government and other institutions dioly exports, and determines value added in
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each industry. It is the basis of a fixed-price eyahequilibrium model which utilises Leontief
production functions, and assumes (i) fixed cosdfits of production assuming a linear
constant return to scale production function; l{g/mogeneity, such that each sector produces a
product not produced by any other sector; and fgijfect supply elasticity, so that if demand
changes the economy is assumed to immediatelyfys#tis need for extra production inputs.
Technical coefficients, calculated from the tratisas table, show each industry’s purchasing
patterns, as the ratio of each input to total adutpweach sector. This model has traditionally
been used to study the potential final demand afmimgone or more sectors to stimulate wider
impacts in output throughout the econohmin this section, the theoretical problem of the
aggregation bias which arises where several dissiectors are amalgamated is described and
evaluated, after which measurement in practice dsirates the extent of the obstacle that this
presents to the calculation of accurate multipigimates.

2.1. Aggregation bias

The problem of aggregation bias in 10 models hanmmprehensively reviewed up to
1971 by Kymn (1990) (since then, for reasons oetlinbove, of this topic has been limited, but
see Demesnard and Dietzenbacher, 1995; Murray,) 1898 appropriate to start with Theil's
(1957) quantification of the extent of aggregatimas, on which most subsequent authors draw
heavily. Transactions between production, consionpand final demand sectors of an
economy can be written in matrix form as

x=W4+f

where x is a vector cft gross outputsf the vector of final demands, aid is a matrix of
inter-industry transactions. Transformation inte flamiliar Leontief open IO model may be
written as

x=({1-A)

whereA is a matrix of 10 coefficients, and is relatedttansactions a8 = Wf_l, whereX
denotes a diagonalised matrix with the element¥ obn the leading diagonal. Aggregating
certain sectors (imagining for example that différenterprises within the agricultural sector
such as livestock, arable and horticulture couldséparately identified), a new system with
fewer sectors can be described as

x" = (I - A") " (3)
consisting offt aggregated sectors. The two systems are relateakctoother by the following
equation:

f- =68f (4)

1 Specific indicators have also been suggestedhéodemand-driven model, such as the measures offistjral extraction or shut-
down of sectors (West, 1999), decomposition of asutpsponses (Sharmeaal, 1999) and elasticities (Mattas and Shresthal)199
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where
1ol  w wm 0u0p [e1 o o 0]
G 0..0 1..1 ::: 0..0 =Iu:} .0 e 0 I
0.0 . . 1.1 o | el |

in which the row vector§i link the disaggregated sectors to the aggregadette the
aggregated direct coefficients can be obtaineditigidg each element by the column sum of
inputs,
AT =w-g-1 (5)
it follows that:
W= = sws' (6)
and
X" =5x (7)
As a result,
SAxS' = A'x"
and thus
A® = SA%S g1
= SAZ (8)
Where £ is composed of column vecto® which representthe proportion of output
contributed to thth aggregated sector by its disaggregated constitusuch that,

[t 0]
Z=:as':a'—1=lu 2z = 0 I
lo .. z,’nJ
From (6) and (7), the following relationship candsived:
SZ=8xSx"1=x"x"1=1 9)

Equation (9) merely reflects the fact that, as acoanting system, the outputs from

disaggregated sectors should add up to that of élggregation. However, if equation (3) rather
than equation (2) is used to predict the effectagdregated shocks to the system, loss of
information on the precise distribution of consaguaput demands will lead to a biased result.
Specifically, aggregation bias is the differencésaen outputs predicted from the aggregated
system and those derived from aggregation of relesactors of the disaggregated system.

Suppose there is a forecast shock to final dem#fd,
bias = Ax™ — SAx

= (1 — A"y Af" — S — Ay af

=[I — A 1S — S(1 — A 11af

= NAf (10)
where
N=I-AY'S-s01-A"

In general, therefore, the larger the number dglisegated sectors contained within the
vectors®i , the greater aggregation bias will be. Theil's work teda considerable literature on
the most appropriate schemes of combining sectoosder to minimise aggregation bias: for
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example, Fisher, (1958, 1969) and Blin and Coh&®i/7). Fisher’s (1958) discussion provided
a means to identify sectors which could be combwét least aggregation bias, under two
circumstances: special purpose prediction, andrgéparpose prediction. The former produces
a minimum-bias aggregation scheme given that ttexdat resides in the impact of a specific
sector, whereas the latter gives an aggregatioansehwvhich minimises overall bias on the
predictive power of the model.

Our concern in this paper, however, is with unddimg bias associated in 10 accounts
which results from the already integrated agricaltisector, and the consequent difficulty of
accurately predicting effects of intra- and intecteral changes which result from policy
reforms. As Wolsky (1984) argued, disaggregatiam dfferent problem to aggregation because
— especially in regional or low-income country as& — the starting point is often highly
aggregated tables which preclude the possibilitg détailed analysis of intra-sectoral changes.
Within the agricultural sector, of course, this qmets some serious challenges. Farms often
have diverse enterprises which are affected difthreby policy shifts: for example the
decoupling of subsidies effected by the 2003 CABrme, as well as de-intensification, have
been predicted to lead to alteration in the contjpmsof agricultural output (Balkhauset al,
2008). In terms of the disaggregation requireddooant for the detail of sectoral commodity
changes, identifying destinations of particularpotis from these enterprises is not so much of a
problem. However, disentangling total input pur@dsafrom whole farm data, and accounting
for intermediate transactions within agriculturause costly and time-consuming problems, in
both methodological and practical terms (Midmor@9Q@; Moxey and Tiffin, 1994; Léoat al,
1999). The question which arises is whether the baused warrants concern and this can be
responded to by examining two regional case-studibsre rather different agricultural
structures are found.

2.2. The size of aggregation bias

The extent of aggregation bjas priori, should depend on the specific sectoral economic
structure of a nation or a region. Fisher (1958ted above, showed that such bias can be
negligible with regard to the overall predictivewsr of an IO model, but it can be more
important if a shock arises in one of the aggrafaszxtors, and it has long been apparent that
impacts on agricultural sectors can be accuratelgiaihed in a table where all other sectors are
fairly aggregated (Fox, 1962). In contemporary winstances, it is likely to be insufficient
resources of data and time that form the most fidgmit constraint, rather than a lack of
computation capacity.

With specific respect to data availability, theioemlisation (and even localisation) of 10
required to estimate the impacts of increasingtyitteialised rural policy frameworks further
complicates the picture. Lahr and Stevens (2008 tiat regional analysts often lack detailed
socio-economic data for regionalisation at regioleakel, compared with that which exists
within the corresponding national table. Typicatly,regionalise an 10 table (whether industry
interactions are adjusted by survey or non-survethods) both national and regional data on
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output, value added, employment, wages and consumpgtre required. If this data is not
available for the latter in the same detail astifi@er former, aggregation is required to produce
conformity.

Lahr and Stevens describe possible sequences doegadion and regionalisation, and
these may have significant consequences for the gfzaggregation bias. Their baseline
involves the regionalisation of a disaggregatedetalollowed by aggregation of results of a
hypothetical impact analysis. The results of this #hen compared with three possible
alternative approaches:

« Regionalisation of a disaggregated national tabhe] aggregating the resulting table
using regional output weights;

e Aggregation of a disaggregated national table usaggonal output weights, and then
regionalising the resulting table by aggregatemeiissification;

« Aggregation of a disaggregated national table usiational output weights, and then
regionalising.

Their hypothesis was that aggregation using naltiather than regional weights should
induce more error in regional tables and, corredpmty, aggregation before regionalisation
rather than after. This was confirmed empiricattyni experiments conducted for nine States of
the USA, where the first approach produced the Iestaforecast error compared with the
baseline, and the third produced the largest.

The bearing of Lahr and Steven’s work on this papktes to the comparison between
their baseline and its alternatives. The test isvéen two versions of regionalised national
tables; the first based on a disaggregated agri@lilsector and the second based on one with a
single agricultural sector aggregated using regiooatput weights. The method of
regionalisation relies on the Flegg-Weber locatjantient (FLQ) approach (Flegg and Webber,
1997, 2000; Tohmo, 2004; Flegg and Tohmo, 2008haeced by the insertion of superior
survey data in key sectors. Two case study rediame been chosen, Ostergétland (in Sweden)
and East Wales (in the United Kingdom), to explibre occurrence of aggregation bias across
varying agro-economic systems embedded in diffespatial-economic contexts. In terms of
the Lahr and Stevens tests, regional 10 tablesespanding to approaches ii and iii could have
easily be constructed, but concern here is withrdmdual bias which exists even if best
practice in regionalising and aggregating an |Qetalas been followed.

3. CASE STUDIES - OSTERGOTLAND AND EAST WALES

Ostergétland is an administrative county in the tBeast of Sweden. The plains in its
central region are among the most productive afjuial areas in Sweden, and are responsible
for the largest share in the value of the regi@gscultural production, with crop production
and pigs and poultry predominant. Ostergétlanchis af the leading Swedish regions for large-
scale poultry and egg production and has the selemgdst average number of dairy cows per
holding (Statistics Sweden, 2007). In 2005, moent&0% of its agricultural area was in arable
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production, but both North and South of the centfains, production is more oriented towards
dairy and cattle. Agriculture, the food industrgrdstry, and the pulp and paper industry
together employ between 6% and 10% of the totalkfwoze. In rural areas in the region,
agriculture employs 13% of the workforce, althoufgr Ostergétland as a whole, the
corresponding share is 2%.

East Wales is a NUTS2 amalgamation of unitary lomathorities on the Western
periphery of the United Kingdom, and is substalytiddrger in overall area, population and
absolute economic size than Ostergétland. It hagylaly diverse agricultural structure, with
pockets fertile soils of intensive arable croppiag elevations of 300 metres or less,
predominantly used for forage, but with some cerbaing grown in the drier areas. In general,
though, its mountainous areas are characterisddgbyrainfall and large areas of the uplands
are classified as Severely Disadvantaged Area ss Eavoured Area. Most of this land only
supports extensive livestock production (sheep, sodhe beef cattle) (Welsh Assembly
Government, 2005). Here also, 2% of the overall-regfional population is employed in
agriculture.

The disaggregated 10 table for Ostergétland in 230% regionalised version of the
disaggregated Swedish national table constructddraberg and Hansson (2009). The original
table described 50 sectors, and sufficient infolomatvas available to disaggregate agriculture
into production of 11 separate commodities. Thaglisegated table for East Wales in 2003 is
derived from Bryaret al, (2004) and Jones and Munday (2004). The origddasector table
has been extended by disaggregating agricultucalygtion into seven separate commodities.
Both regional tables were then aggregated for &nalypurposes, using regional output
weights.

Based on equation (10), aggregation bias resuitorg a unit change in output in each of
the disaggregated production sectors can be dedcritable 1 summarises these proportionate
biases, by major sectoral groups, in each regiaas 8an be positive or negative; therefore, the
penultimate column of each table shows total albsdiias, whereas the final column shows the
sum of positive and negative differences. This destrates that, in most cases, there are
significant offsetting biases.
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Table 1: Total Agricultural Aggregation Bias by BubSectoral Group, Case-Study Areas

1 2 3 4 5 Total Total
(absolute)
Ostergétland (Based on 2005 Regional Input-Outltld)
Dairy -0.01% -0.89% 0.14% 0.16% 0.75% 0.14% 2.35%
Cattle -0.63% -1.51% -0.29% -0.62% -0.06% -3.11% 68
Sheep -0.71% -0.10% 0.20% -0.18% 0.52% -0.27% 2.32%
Pigs -1.12% -1.24% -0.08% -0.14% 0.62% -1.96% 3.40%
Poultry and egg production -4.30% -0.69% 1.59% %55 2.33% 0.49% 10.65%
Other animals -0.53% -1.72% -1.02% -1.55% -1.59% .41% 6.67%
Cereal crops 0.61% 2.25% -0.03% 0.57% 1.46%  4.85% 67%.
Other crops -0.13% 0.80% -0.62% -0.75% 0.05% -0.65% 3.45%
Forage 0.01% 0.81% -1.56% -1.46% -1.49%  -3.69% 9%.06
East Wales (Based on 2003 Regional Input-OutputeJab
Dairy 1.37% 0.11% 4.19% 1.03% 7.67% 14.36% 14.37%
Cattle -0.79% 0.10% 1.23% -0.15% -1.42%  -1.04% 5.53%
Sheep 0.24% -0.10% 0.49% -0.44% -3.56% -3.38% 7.13%
Pigs and Poultry 7.35% 0.12% 4.96% 2.28% 15.32% 0236. 30.02%
Main crops -0.55% 0.10% 3.21% -0.23% -2.68% -0.15% 9.18%
Forage -0.46% 0.10% 2.66% 0.26% 0.75%  3.32% 5.22%
Misc. output -0.22% 0.10% 1.31% -0.04% -1.67%  -0653 5.25%

Key: 1. Agriculture, 2. Other natural resourcesVidnufacturing, 4. Utilities and construction, ®réces

In Ostergétland, the largest overall bias is exehg the other animal production sector,
where use of the aggregate multiplier would undégsimpact by a little over 6%. The largest
masking of positive by negative biases is in thelipp and egg production sector, but it is
clearly also a problem in the other crops, foradmry and sheep sectors. There is no clear
pattern regarding the distribution of bias betwtenbroadly defined industrial sectors, but use
of an aggregate multiplier for cropping sectorsesp to exert more bias on manufacturing than
in the livestock economy. The results for East Waéveal a more prevalent aggregation bias in
this region. The largest bias occurs in the combipigs and poultry sector. In absolute terms,
these activities have absolutely small represamtdti the region’s agriculture, and have low
regional multipliers. Also, the bias is positive fielation to other non-farm sectors, which
confirms that the intensive housed livestock settas little or no interaction with input
suppliers in the region. Nevertheless, even withi& more prevalent forms of agricultural
production in the region, such as sheep meat amglirdp have biases between -3.4% and
14.4%. Some other sectors, most prominently th@ping sectors, display large offsetting
biases; use of an aggregate agricultural multipfighe livestock sectors transmits a high level
of bias to the broadly defined services sectorhefregional economy; using such a multiplier
for cropping transmits to majority of bias to themfacturing part of East Wales’ economic
activity.

In both regions, a strong indication is providedtthby applying an agricultural
commodity demand shock to an aggregated 10 modakiderable over- or understatement of
the impact will occur, depending on which sectdually experiences the change. Further, since
the results for East Wales and Ostergétland divetge unlikely that,a priori, the size and
distribution of the aggregation bias can be knovBecause of this, and because this residual
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bias is in some cases large, it is worthwhile eviptpalternatives which produce results closer
to that of the baseline itself.

4. AN APPROACH TO MODELLING AGRICULTURAL SECTOR REFORM SHOCKS

Normally, full disaggregation of agriculture (oryaather sector of detailed interest) into
its constituent sub-sectors is costly and time-gonisg. Various attempts to overcome this
problem for the purposes of more thorough policglysis have been suggested: for example
Wolsky (1984) provides an exact method for caleogptan expression for a disaggregated
Leontief inverse from an aggregated version. Téelires two steps, i) a simple description of
an augmented matrix, and then ii) correction by istirdyuishing matrix that embodies
supplementary data. This supplementary data, hawenglies knowledge of parameters
reflecting weighted differences of the unknown ¢ioefnts themselves, indicating the
difference between disaggregated sectors for derfaatridputs from supplying sectors, between
supply of their outputs to purchasing sectors, exchanges within the disaggregated sectors
themselves. Thus, as Gillen and Guccione (19903, re@ime of the expressions required to
arrive at these parameters are so complex thaiutdibe easier to directly estimate the missing

coefficients of the matri : and “As a rule of thumb, to be useful a disaggtiem method
should require data less costly to obtain thanemeded for the direct estimation” (p. 40).

The method proposed here is more pragmatic tharski/st it is cheaper and quicker
than partitioning the entire sector and does nquire gathering large amounts of data.
Considering again the expression of equation (@yimoto (1970) has shown that it can be
expanded into the sequence:

NAf =[0I + A"+ A? 4 )8 —S(I + A 4+ A% 4+ - )]Af
= [(A*S — SA) + (A2 — SA%) + - JAf (11)
The first, and largest, of the bracketed termshm ¢econd line of (11) is described as
“first-order” aggregation bias, or

N'Y = (A"s — sA) (12)
Among other results, Morimoto was able to show twaere a final demand shock

applies to the unaggregated sectors, this firstioaggregation bialéi"l" is zero. This leads to
the important insight that bias on the estimatemdifect and induced effects is transmitted, in
successive rounds, through the structure of inpefficients; for instance, the impact of milk
quota restrictions on input use would be in difféngroportion to that described by the average
agricultural input coefficient column, and so oranSequently, focusing on the input structure
of the disaggregated element of the agriculturatose national or regional data derived from
farm accounts could provide a reasonable approiomatf the magnitude of the first round of
direct effect; in effect, it could represent thensequent demand change for the output of the
sectors supplying inputs. This shortcut to fulladjgregation can be described as a “variable
cost approach”, because most countries provideuatiog data for different farm types, which
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can be used as the basis for gross margin budgetspecific commodities. Within the
European Union at least, sufficient information &rch purposes is collected by the farm
accountancy data network (FADN).

The purpose of this variable cost approach is teermemand changes anticipated to
occur in the agricultural sector away from the agated part of the 10 table by using relevant
information about the input structure for thosepaf the sector that are affected.

Since unbiased results can be obtained where sechars of the IO table are aggregated,
provided that those affected by the first roune@ffare not, modelling the first round effect as
accurately as possible in sectors supplying infmuggriculture should reduce the bias. This also
addresses the problem caused by applying traditexagenous final demand driven shocks in
the agricultural sector, whereas in fact most auiggold to marketing and processing sectors.
Instead, the effect is modelled directly for thetses initially affected, and the direct effect on
the agricultural sector is determined by the pheiguilibrium model. Indirect and induced
effects can still also be estimated for the agtical sector.

As noted in the introduction, partial equilibriumodels are often linked to general
equilibrium models to predict the indirect impaotdarm activities as they adapt to exogenous
changes in policies. The effects of the 2003 CABrnes provide a contemporary context for
testing the variable cost approach against fulagtisegation, and Arfinet al. (2007) have
developed a positive mathematical programming (PMBdlel of the farming sector in various
EU regions (including both Ostergétland and Eastedja The simulated shock predicted for
each region between 2004 and 2006 by Aeinal’s model is expressed in terms of changes in
crop areas and livestock numbfershich can be used to construct a disaggregateckslector
for each of the agricultural accounts that arecadie.

For Ostergétland, the PMP simulation suggested tdumisequent on the 2003 reforms, a
reduction would occur in numbers of both dairy caaval other cattle (in this region, sheep
production in the region is negligible). Total case oilseeds and other crops would decrease
(mainly driven by a reduction in wheat, the mospartant crop in the region) whereas fodder
crops will increase. For East Wales, the PMP sitiarlaindicated an overall decline in
livestock production, a shift from dairy and bedittle into sheep production, and an
accompanying shift from cereals to grassland widdest increases in fodder crop production.
Table 2 provides a comparative summary of the rdaiails of the predicted physical changes
in Ostergétland and East Wales: these form thé $tesp in developing a demand shock, to
examine the nature of contextual bias which woutdult from applying an aggregate
agricultural multiplier and to assess the validifyhe variable cost approach.

% The Arfini et al study considered two policy scenarios: the firstigaged full decoupling at 2004 for all productsiéiiing from
direct support, including milk, according to Ann&k of Reg. 1782/2003; the other, additionally, imdéd the impacts of product
price variations as predicted by the FAPRI modedjations produced dbwa State University, USA. In this paper, for the
sake of simplicity, only the first scenario is colesed.
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Table 2: Summary of Simulation Results, Ostergdkland East Wales

Ostergétland East Wales

(1000 head or hectares) Baseline  Simulation % change Baseline Simulation  chénge
Dairy breeding cows 40.2 36.4 -95 104.2 56.0 346.
Beef breeding cows 73.4 57.6 -21.5 112.5 45.7 -59.4
Breeding ewes - - - 2079.7 1957.0 -5.9
Total cereals 102.8 75.4 -26.7 16.1 3.0 -81.1
Grassland and fodder crops 53.7 61.1 13.8 473.0 0.049 3.6
Oilseeds 7.1 6.6 -7.0 - - -
Other crops 8.4 7.6 -9.5 15.3 9.4 -38.5

Source: Arfiniet al. (2007)

Such changes in output necessarily require changee use of variable inputs: thus, for
example in the case of arable sectors, each uaiigehin area has an associated change in use
of agrochemicals, fertilisers and seed; for changedivestock numbers, there will be
consequent changes in use of feed, forage costsvetedinary services. Each element of
physical output change shown in Table 2 can bestinto the relevant variable costs described
in the gross margin calculation per hectare of cavper livestock unit (see Appendix). This
enables construction of a first round variable gadicy shock, which should show the effect as
transmitted by the aggregated agricultural seditwwever, to combine FADN-type gross
margin data3 with predicted changes in differeatreints of farm sector output, two important
modifications need to be made. First, gross masgaigets normally report transactions at farm
gate prices, whereas flows in an 10 table are sl prices”; that is, prices net of trade and
transport margins, which appear in other relevawsr Second, IO tables only record purchases
from sources within the geographical boundariethefregion, with the remainder allocated to
the import account, whereas gross margin budgetstrall purchases regardless of origin. To
address the former, it can be assumed that avénadge margins are the same as those used to
construct (and are commonly reported alongside)btee 10 table itself. For the latter, the
appropriate Flegg-Weber location quotient can ezl {er, if available, superior survey-derived
coefficients) to estimate the proportion of totarghases derived from regional sources. The
modified regional gross margin, applied to the prtipnate change in commodity output, then
provides the alternative first round variable cigick.

To compare the variable cost approach with therradteve of applying an aggregate
shock to a single agricultural sector in each neg@ predicted demand shock needs to be
constructed for the agricultural sector overall dmdthe individual sectors which have been
identified in the disaggregated 10 tables for easgjion. It is assumed that the physical changes
simulated by the Arfinet al. model are sufficiently accurate proxies of tharayes in the value
of output in each sector, which enables the propuate change in outputs from the
disaggregated sectors to be calculated easily. eTlvmnges, multiplied by the relevant

? Details of how different production activities ubese inputs in the case study regions are prdvidéhe appendix to this paper.
Note that for Wales, no published gross marginutaton is available for arable crops, even thotighdata for construction could
be made available. However, for the majority obéarops in this region, costs from the neighbrayikiVest of England region can
be used as a realistic proxy.
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disaggregated agricultural output multiplier, paevthe baseline for comparison, and are shown
in Table 3. The total predicted reduction in outpuOstergétland is €25.85 million; in East
Wales, it is €278.11 million. However, if a singiggregated agricultural multiplier (derived
from an aggregate regional table as described abmegee used, the predictions of reduced
output would be €26.51 million and €288.08 millimspectively; these are shown in the final
row of Table 3.

Table 3: Disaggregated Shock and Impact, Millionsog; Ostergétland and East Wales

Ostergétland East Wales
Shock output ~ Multiplier Impact Shock output  Multiplier Impact
value value
Disaggregated Shock

Dairy -6.04 1.179 -7.12 -76.71 1.258 -96.50
Beef -4.65 1.210 -5.63 -60.74 1.412 -85.76
Sheep -6.98 1.436 -10.03
Cereal crops -9.00 1.090 -9.81 -20.76 1.403 -29.13
Grassland and 0.22 1.369 0.30
fodder crops 0.29 1.216 0.35

Other crops -3.07 1.186 -3.64 -40.51 1.407 -56.99
Total -22.47 -25.85 -205.48 -278.11

Aggregated Shock

Total -22.47 1.180 -26.51 -205.48 1.402 -288.08

Turning next to predictions derived from the valéaloost approach, the changes in
variable cost which result from the physical outglénges can in nearly all instances be linked
to the relevant non-farm sectors of the Ostergdtland East Wales 10 tables, and match
conformably with the largest elements of the refeveolumns of the 10 coefficient matrix.
There are a few allocations that are less comgathmn others; for instance, in East Wales,
changes in compound feed purchases must be alibtatde miscellaneous foods sector; in
Ostergoétland, processed seed is supplied from thelesale and commission trade sector,
where farm cooperatives in Sweden are classifibé. Vialues of these changes, by sector, are
shown in aggregated form in Table 4 (there arecbfit sectoral classifications in the respective
IO tables which mean that exact comparisons cdmmaotade: this does not, however, affect the
underlying principle of the variable cost approadkipte that thes¢otal impacts (direct and
indirect) of the transmitted shock, which amount €8.45 million and €73.56 million
respectively, need to be compared with the indiiegbacts generated by the two earlier
predictions. That is, the direct effect of the ieardpproach needs to be added back to achieve a
fair comparison.

* Calculated on the basis of average exchangeirag®94, €1= SEK9.1243, €1= £0.67866
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Table 4: Simulated Changes in Variable Input Usstef@6tland and East Wales (millions

Euros)
Variable Cost (Input-Output Sector) Simulated Shoclultiplier effect Impact

Ostergotland

Concentrate Feed (Food and beverages) -1.14 1.243 42 -1

Veterinary (Health services) -0.08 1.099 -0.09

Machinery and equipment (Trade, maintenance and

repair services) -0.79 1.146 -0.90

Fuels and lubricants (Refined petroleum products) .67-0 1.147 -0.77

Electric power (Electrical energy) -0.01 1.023 0.

Fertilizers, pesticides and agrochemicals (Chen)icals -0.19 1.120 -0.22

Trade margin (Wholesale trade) -0.03 1.124 -0.04

Total indirect impact -3.45
East Wales

Purchased bulk feed, stock keep, seeds (Agricuénde

fishing) -1.61 1.402 -2.25

Concentrate feed (Miscellaneous foods) -30.91 1.444 -44.63

Fertilisers and sprays (Chemicals) -10.73 1.250 413.

Veterinary and medicines (Health) -5.84 1.547 -9.03

Trade margin (Wholesale trade) -3.11 1.365 -4.24

Total indirect impact -73.56

This is provided by Table 5, which summarises tiredoing discussion. The first line,
for both regions, shows what might be consideredntiost accurate estimate, which would be
available if regional agricultural sectors could disaggregated easily into their constituent
enterprises. The second line shows predictionsvel@rirom applying a first round shock to
sectors supplying the farming industry, and thedtlshows the effect of assuming a single
multiplier relationship between agriculture and thst of the economy. Obviously, the direct
effect is the same in each case, and adding theeatceffect provides an estimate of total
impact. In Ostergétland, the variable cost methamtipced an estimate which was a little over
2% of that of the most accurate estimate, conhgstiith an overstatement by the aggregate
multiplier of around 20%. In East Wales, variabtestcmethod produced an estimate of 1.3%
over the most accurate estimate whereas the adgregatiplier overstated the impact by
almost 14%.

Table 5: Comparison of Predicted Impacts. Millidhgos.

Ostergotland East Wales
Direct Indirect  Total impact Direct Indirect Total impact
impact impact impact impact
Disaggregated model 22.47 3.38 25.85 205.48 72.63 278.11
Variable cost model 22.47 3.45 25.92 205.48 73.56 279.04
Aggregated model 22.47 4.04 26.51 205.48 82.60 288.08
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5. CONCLUSIONS

This paper was prompted by concern that, with &g use of regional multiplier
analyses to comprehend and predict the impactsolidypchange, the bias associated with
estimates based on a single aggregated agricui®usector could be a significant problem. In
two separate and quite different case studies,piltiged to be the case. Moreover, the simple
and cheap alternative to disaggregation of theosecising modified variable cost data to
estimate first and subsequent round effects, wamdstrated to be effective in reducing overall
error by an order of magnitude, when analysingéggnal impact of the 2003 CAP reforms.

Using the traditional exogenous change in final aednis, of course, controversial, and
the shock has sometimes been completely adapteolte for exogenous variables other than
final demand. Supply-driven 10 models with the tiatdal Leontief multipliers modified to
reflect output to output relations were suggestgdJbhnson and Kulshreshtha (1982) for
analysis of (upstream) output, value added andwmeceffects of changes in agricultural sectors
in Saskatchewan, Canada; explained formally byeaviidnd Blair (2009); used practically by
Roberts (1994) when analysing the upstream and sto@am effects of milk quota restrictions
on UK farming activities; and again by Eiser andb®as (2002) to study forest activities in
Scotland. However, while not reported in this pajpgplication of the variable cost method to
their mixed variable approach produced only mailtindifferent numerical results when
compared, respectively, with disaggregated andeagded multiplier predictions in our case
studies. Likewise, it appears that the principldioed here can be extended further to the CGE
approach, which is not constrained by fixed pria&bile the gross margin data used is drawn
from primarily published averages, there is scapdurther refinement using the more detailed
underlying information contained within the FADNtdbase.

An especially promising use for the variable cggiraach would be in more specialised
and marginal activities within the agricultural s@c Table 1 suggests that, where input
coefficient structures diverge substantially frome taverage for the sector as a whole, biases
become substantially larger. Applications which midpenefit from more accurate indirect
regional impact estimates could be in the sugatose(see for example, University of
Cambridge and Royal Agricultural College, 2004; Wik et al.,, 2005); or the implications of
shifts from conventional to organic or low-inputrigglture (Faberet al, 2007). Beyond
analyses of agriculture and its impact on the oésthe rural economy, there may be other
applications where an alternative to disaggregatiay be required: similar issues have arisen
in analysing the economic repercussions of a cathor{Choiet al, 2010), and the economic
impacts of different levels of construction poltuti(Chenget al, 2006). While the best remedy
will always be full and detailed disaggregatiorttoé constituents of the agricultural sector, the
variable cost approach is both logically and ecaoahlly coherent, and has the advantage of
being much simpler and quicker.
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APPENDIX: VARIABLE COSTSDATA

Livestock Variable Costs, Euros/head, Ostergotlanas

Dairy Cows Beef

Cows
Purchased concentrates 202.54 45.81
Veterinary and medicines 42.74 20.28
Agricultural requisites 111.46 100.17
Seeds 419.54 174.92
Machinery and equipment 9.43 5.37
Fuels and lubricants 38.03 10.52
Electric power 72.22 33.98

Source: Own calculations based on Agriwisgw.agriwise.org

» Crop Variable Costs, Euros/hectare, (")sterg('jtlaﬁdé,lz

Cereals Fodder crops Oilseed Other crops
Agricultural requisites 56.77 19.40 37.04 125.71
Seeds 39.56 50.96 46.58 135.68
Machinery and equipment 52.94 53.81 54.14 83.84
Fuels and lubricants 51.07 23.45 21.04 42.85
Electric power 100.28 155.08 169.33 147.63
Fertilizers, pesticides and agrochemicals 90.97 .68L1 120.56 172.62

Source: Own calculations based on Agriwisgw.agriwise.org

Livestock and Forage Variable Costs, Euros/heade$y/a003/4

Dairy Cows Beef Breeding Ewes
Cows
Livestock Variable Costs
Concentrates 409.54 173.03 12.97
Purchased bulk feed 9.27 9.56 0.47
Stock keep 0.00 2.99 3.08
Veterinary and medicines 61.81 44.78 3.99
Other livestock costs 146.44 69.06 5.02
Forage Variable Costs
Seeds 9.70 3.68 0.31
Fertilisers 57.23 60.88 4.35
Sprays 5.16 1.78 0.18
Other forage costs 77.06 69.81 4.79

Source: Own calculations based on Wales Farm BusiBes/ey (2004)

Crop Variable Costs, Euros per hectare, West Regiaty

Winter Winter Barley

Wheat
Seed costs 51.72 48.92
Fertiliser 153.39 132.47
Crop sprays 183.60 154.27
Other variable costs 115.52 82.96

Source: Lang and Allin (2006).
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