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Résumé - I'intérêc du modèle rnpur-ourpur pour analyser les performances d'uoe
agricultute régionale esr désormars reconnu. En effer, cerre technique permer de
prendre en compte la spécialisation du secreur er son incégration croissanre dans
l'économie globale gûce au calcul des mr-rlriplicareurs économiques régionaux,
d'une parr, er de ceux qui relienc l'économie d'une région donnée à l'économie na-
tionale, de I'aurre Dans cet article, les auteurs examinenr les apporrs er les li-
mices du modèle input-ourpur régional et de ses prolongemenrs ii..nrs qu. ,onc
la macrice de comprabiliré sociale et le modèle d'équilibre général calculable. Les-
rimarion des coefficients régronaux faic I'objet d'uoe analyse décaillée; en effet, le
coût - en temps et en ressoucces diverses - des enquêres sur lesquels ils sonc basés

limice sérieusemenc l'obtenrion de coefficieots permertaot une évaluarion fiable
des effets multiplicareurs régionaux Le reste de I'arcicle esr consacré à la
conslrucrion d un modèle inpur output de l'économie du Pays de Galles, cencré
sur I'agriculrure er les secreurs qui lur sonr liés. Il esr urilisé pour analyser la di-
versificacion des sources de revenu des ménages agcicoles, seloo deux modalirés
suscepribles d améliorer le caractère durable de l'agricukure galloise d'un poinr
de vue social er environnemenral. Dans un premier exemple, on compare I'inrérét
de la rescauration de forêrs anciennes non enrretenues déoendanr d exoloitations
aglcoles er de nouvelles planrarrons. C esr la reprise p,ogr"rlu. de la gesrion ec

de I'enrretien des forêrs caduques acruellemenr abandonnées qui procure I'améLo-
rarion la plus sensible du revenu rural au Pays de Galles, alors que I'accenr mrs
aujourd hr.ri sur les oouvelles planrarions est moins 1usrifié du poinr de vue du re-
veou er des emplois qu elle génère. le deuxième rhème concerne I'agriculrure bio-
logique. On compafe la réduction de la demande d inrranrs à I'accroissemenr de
l'urilisarion locale des produirs qu elle génère et on évalue I'effer probable de son
développement graduel sur léconomie des régions rurales galloises Des simula-
(ions pfenan! en compce des degrés croissanrs de conversion de sysrèmes conven-
rionnels à I agriculture biologique monrren! que cecre évolurion conduirait à de

faibles baisses du revenu er de Iemploi, même si elle concernaic des zones assez

étendues. De plus, les aménités fournies par I'agrobiologie en ce qui concerne la
quaLré de Ienvironnemenr er la baisse de la produccion jusrifienr rour à fait de
lui apporrer un sourien. Ces exemples moDrren! l'inrérêr des rechniques inpuc-
outpur pour l'analyse de nombre de questions concernanr la policique agricole er
le développemenc rural, er en parciculier lorsque des problèmes économiques, so-
ciaux e! d envrronnement sont en cause.

Stmmary ' :u article exauiaes the ue af the itiput-aurput appraacù ix tbe under-
tanding and analyfu of the role af agrit tute ir regional econaaiu Tho4b thi uorh
u nore or lett eqtal\ di rcgional analfu and deuelop-
ing couatries, the focut it The coutraitu offered by the
technrque are contidered, erIeutlnt lutb ii ond tCe
nodtlling. Sonu of the pon*ial af the tecùnique u illat*atù fu reent uork related t0
agricultute atd ruta/ dneloprnnt ix the regiana/ econonl of rValet.
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D EGIONAL approaches to economic modelling have arisen ouc of
I\an awareness of the special characteristics of sub-national areas

thar can be obscured when looking at a nation as a whole. Serious socio-

economjc problems wirhrn a region (such as rural or urban deprivation
and poverty) can be completely overlooked at the natronai level of an ap-

parently healrhy economy Consequently, whilsr geographic, economic

linguisric or culrural crireria used,to define regions can have important
rmplrcarions for the end results{'/ the choice of mechodological tool
used ro analyse re6ional economic performance can also be influential
There are a number of reasons for rhe differences between regrons and
the nations whrch rhey make up, bur of rhese one can be isolatid as par-
cicular economrc relevance: openness, of the degree ro which crade flows
across regional boundaries are possible, or facilitated by economic srruc-
rure. Srnce f)ows of goods and services across regional borders are rarely
measured accurately, economic analysis is ofcen severely hampered.

This arrrcle drscusses regional economic modelling techniques and
rheir application to agricultural and broader, rural questions;it will il-
lustrate these by examining several reseatch projects that use rVales as a

case study. Inpur-ourpur analysis is a form of modelling thar has proved
particularly popular in regiona) studres, and rn recent years the basic

technique has been exrended and developed (Dewhursr et al.,1990).De-
spite some Lmitations, the analytic abilities of this cool can prouide val-
uable rnsights into the workings of a regional economy (and also, withrn
an inrer-regional contexr, irs pLace within rhe national or supra-national
economy) in ways which are beyond the scope of ocher approaches. This
derives from an abrlity to represent relarionships between indusrnes,
rhrough which rheir implicd srrucrural inrerdependencies can be exam-
ined In rhis conrexr, explorarion of the relationship between the agri-
cultural indusrry and rural economies has especially proved useful. The
fairly radical changes rhar rhe farming community have faced and are

continuing to face arc due to factors beyond mere shifrs in agricultural
policies; polirical rerhinking on rhe environmenr, social and regional
funding have had far reaching effecrs.

Divrsion of national economies into regions for the purpose of calcu-
larion of economic agsregares is a relatrvely recent Bendavid (1914) as-

serted thar "thinking regional" rcquires fearures ro be disrin6uished
between the economy of a sub natjoral regron from that of a narion. Key

('/ Economrc fearures conrribure co regional idenriry and incrcasrngly, culrural
and lingursrrc diffcrences are being given more rccogoirion This ls recognised jn

thc lt{aasrrichr Treaty, Articlc 128 which scaces chu "The Cannarttl shall contrib-
au to rhe flourring af tbe calnret o/ the Menber Stares, ubrlr respecting their narianal and
rgnnal dtt'erury and at tbe sane titne bringng the cannon cthtal h,rx"ge ro the fore",
Nclson and Polhrd. (1992)
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A CRITICAL OVERVIEW OF THE INPUT-OUTPUT MODEL

among these are a Bteatet degree of specialisation and openness, a closer
proximity to trading partners and competitors, and an inability to
"close" the region at will. The impact of trade and changes in economic
factors is greatly magnified for a region, such that knock-on effects and
leakages will be greater.

The aim of this article is to examine the benefits and problems asso-

ciated with input-output analysis within the regional context. The first
section provides a theoretical overview, including an examination of de-
bates regarding realism and applicability of input-output models wrthin
this rural regional context. This critique is followed by a review of re-

cent related literature. Because this is of considerable volume of work,
only representative examples have been chosen to demonstrate the
model's range and flexibility. The final part of the article illustrates these

two areas of discussion thtough curtent research on the lVelsh rural
economy, which suffers from many of the characteristic socio-economic

problems of the countryside. A significant dependence on agriculture
makes it susceptible to changes in the CAP, but a range of historical and

culrural factors impede structural adjustment. Regional policy interacts
with agricultural policy at this level in confronting the social problems
of outward migration, housing, low incomes and a generally ageing pop-
ulation.

Several flaws in input-outpuc modelling have been the subjeccs of
considerable discussion. Though space for a review is limited here, Hew-
ings and Jensen (1988) have commented that: "...while ,.. input-lutPat
modeh haue become an accepted part of the arsenal ofanalytical techniques, tbere

it a ttrong saspicion that nany analysts haue a higher leuel of the madel's lini-
tations rhan they baue of its utility". The flexibility of the framework pro-
vides information not only on output, but also on the use of inputs and
the indirect or secondary effects of change in outputs. Hence where there
is interest in rhe indirect effects of industrial activity either on the envi-
ronment, or othet primary inputs themselves such as employment or en-
ergy use, techniques based on the input-output approach can be useful.
The ability to estimate various multipliers provides policy-makers with
an accessible perspective on employment and income creation, and per-
mits an extensive investigation into the direct and indirect effects of ag-
ricultural policy measures and proposed changes to them, This article rs

not concerned purely with the role of input-outpur in agriculture, how-
ever, since regional policy is having an increasingly imporrant influence
in rural areas as well.
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Other kinds of multip[ers can be derived from alternative ao-
proaches to modelling ruial economies: mosr norably economic base

multipliers (Conway, 1991) and those derived from a Keynesian aggrc-
gate income approach to regional economies (Ashcrofr et al., 1988).Borh
of these approaches have problems(2/ which those based on an input-
output model can overcome, particularly through their abiliry ro meas-
ure the upward and downward linkages that are a particular feature of
the agricultural sector. A regional accounting system provides rhe basis
for the model from which inpur-ourpur mulripliers are derived. Transac-
tions and flows are allocated by sector, allowing the calculation of an av-
erage input-output rario. This specifies the input use of one secror in
terms of the output from a supplying sector. The marrix multiplier can
trace the impact of a change in the ourput of one industry, in terms of
the effect thar it will have on all orher indusrries, subjecr ro cerrain Lm-
iting assumptions. The realism oIthese assumprions have been discussed
by, for example, Midmore (I9%); Conway (199I); Bourque (1981);
Richardson (198t);Pyatt and Round (l9lD in a social accounring ma-
trix conrexr;and Harrrgan etr al, (1991) in relation ro computable gen-
eral equilibrium analysis. This discussion, focused the rigidity of inpur-
output coefficients and the consequence of this for accuracy, rs

summarised below; however, besides the importance or otherwise of re-
alism, a number of orher criticisms of regional inpur-outpur analysis
have been articulared. For the sake of brevity, only the mosr serious of
these issues will be considered here. They afe rhe high costs char can be
involved in preparing a regionai table; the time involved in construct-
ing tables ; and the absence of a framework for resolving distriburional
lssues.

To estimate the effecr of any change in final demand, ir has ro be as-

sumed that production technology is of fixed proportions, thar rhis rela-
tionship is constant over rhe forecasting period and rhar rhere are no
consrraints on productive capacity. However, coefficients will vary over
time because of a) relative price changes; b) changes in the narure of

(2) Economic base multipliers assume chat whilst income and employmenr rn
a region rely heavily on an exporring,'basic'secror; the region's needs themselves
are served by the non-basic, service sector. Several problems arise from this simpre
division, since oo account can be made for difference in characreriscics berween rn-
dusrries. Ir is impossible ro decermine rhe sourcc of changes in ûnal demand, and
increases in demand have varying effecrs among the basic induscries themselves.
The Keynesian regional income-expendirure model is idenrical ro irs narional
counterparr, except the variables involved refer ro regional âggregates. The model
focuses attention oo chaogcs rn rhe marginal propensiry to consume locally pr<-r-

duced goods, which are highly dependent on the size o[ the region (smaller regions
will imporr more) and also rhe range of goods and services produced internally.
This approach, although ic can be elaborarely defined in relarion ro the impact of
parricular invesrment projects, is oilimited inrerest to policy-makers since ic lacks
derail o[ rhe diverse impacr of changes in different industrjal sectors. Ir may also
underestimare rhe magnitude of reg.ional/local mulripliers, as suggesred by Moore
et a/. (1985).
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product rhemselves ; c) technological change; and, d) economies of scale.

It can be argued that these assumptions are not that unrealistic, espe-

cially when viewing the sector as a whole, and industrial accivity in gen-
eral terms. Nevertheless, agriculture is a special case, since it is an in-
dustry made up of many producers, each with a :ange of potential
alternative outputs. The response to changes in demand may be unequal,
as different groups of producers with different resource endowments may
react differently to expansion or contraction of demand. Because it is the
marginal, rather than the average input-output relationship that governs

response to changes in demand, output mulripliers will rend to overstate

the impact of a policy change. Efficiency varies among producers, and so

the income and employment effects of a unit change in demand are also

Iikely ro be asymmetric q'ith relation to an expansion or a contraction.
Subsritution between viltpt/tt may also occut so that land use can switch
relatively rapidly between activities; for example, one of rhe principal
effects of milk quotas was to divert resources into other forms of Lve-
stock productron. Finally, technical change in the agricultural sector has

been both rapid and well diffused; as technological change in general

causes a drcline in the proportion of intermediate inputs used in produc-
tion, this provides additioàal reasons for coefficients to vary frorn year to
year. Estimating regional, rather than national, coefficients give rise to
further problems, because not only must technical coefficients be deter-
mined but also allocated berween local supplies, and imports: this latter
fraction is much less stable than one determined principally by produc-
tion structures.

The collection of data by survey methods is expensive, and even then
accuracy can be compromised due to the "biding of infornation, lies, inad-
equate training of obseruers, poor question duign, the difficulty of mass obserua-

tions, definition and classification problems, instramenîa/ error, passage of tine
and error-compensating processes" Jensen (1980,140). To overcome this
problem, non-survey techniques relying on secondary data sources have

been developed. However, these mostly rely on the assumption that re-
gional production functions are identical to those at national level. Con-
version of national into regional coefficients can be done in a number of
ways, by using regional weights, RAS mechods, locarion quorienrs (sim-
ple and cross-industry), commodity balances or regional purchase coeffi-
cients isee Richardson, 1981, for a full description). There is also the
possrbrlity of hybrid models. Richardson described these as combrning
survey and non-survey mechods in "a middle way in the choice of nethod...
a cracial next rtep in regional I-0 research... (and) a nture ffictiue and bal-
anced compromise between the present extremet of cbeap bat possibly unreliable
nln-saruel methods and prohibitiue surueyr" (Richardson, I972, 129-130).
Hewings (1971) provides one example of a hybrid model by using coef-
ficients from another, s.imilar region on rhe premise that any regional co-
efficient is far better than a national one. Another general example is the
GRIT (Generation of Regional Inpur-Outpur Tables) approach, a true
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hybrid devised by Jensen u al, (1913) and developed by \X/est (1981).
GRIT analysis also uses national tables as its foundation, with the initial
coefficients being calculated by the methods mentioned above such as

location quotients. Efforts can then be concentrated on obraining super-
ior survey data to insert in particular matrix cells where the initial non-
survey estimate suggests are important.

The GRIT procedure thus allows considerable time-saving in the
construction of reasonable estimates of regional input-output tables, the
second major difficulty which affects the accuracy of modelling and fore-
casting based on this technique. Until this year, the most recent lVelsh

regional input-output table available referred to 1968, but did not ap-
pear in published form until 1977 (Ireson and Jarvis, 1977). Existing (if
limited) evidence confirms the a priori view that the accuracy of multi-
pliers diminishes with the passage of time. For example, Midmore
(I9%) determined che average loss of accuracy over trme (in terms of per
cent root mean square error) in employment multipliers for milk pro-
duction, based on a regional input-output table, as 4.27o in the year
after that to which the table related, 6.)% two years after, 8.1 % rhree
years after, and9.5% four years after.

One final deficiency of input-output models, which is of particular
relevance in regional applications to agriculture, concerns distriburional
issues, Conventionally, the household sector has been treated as a single,
aggregated sector of rhe final demand column, despite growing evidence
of the importance of household inreractions compared with inter-indus-
try transaicions (e.g. Hewings, l!86, Batey, 199ô). Thus, household rn-
come from employment appears as an extra row and household con-
sumption propensities as an extra column. By treating households as an

additional "industrial" sector, important linkages both between house-
hold qroups themselves and between the household sector and the rest of
the economy are masked. Social accounting matrices (SAMs) were devel-
oped by Stone during the 1960s for the "Programme for Growth" pro-
ject (Stone et a\.,1962) and later used by others such as Pyatr and Roe,
1977 in Sri Lanka to investigate issues such as income distribution and
employment. Vhile used mainly in the developing countries, SAMs
have been applied to industrial economies, not only at national level (for

example, the United States; see Adelman and Robrnson, 1986) but right
down through various levels of regional disaggregation to that of a sin-
gle village (Adelman, Taylor and Vogel, 1988). The possibilities for
modelling households are extensive, since they can be classified by a va-

riety of characteristics (especially with the availability of primary data

sources such as the Population Census and the Family Expenditure Sur-
vey). Keuning and de Ruijter (1988, 88) summarise these as asset own-
ership; location; size and composition; characteristics of the head or

main earner (distinguishing e.g. main employment status, main occupa-

rion, main branch of industry, educational attainment, age, sex, main

language, race (tribal), kinship, religion and political affiliation); house-
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hold/non-proflt institutron. It rs therefore possible to compare and con-
ttasr groups to examine demand or consumption patterns, or more com-
monly impacts on income disrribution, such as Bell and Hazell (1980),
Cohen (1988) and Adelman, Taylor and Vogel (1988).

CGE models, based on the SAM system, provide a coherent approach
which models both price and volume changes simultaneously, and re-
leases the modelling approach from the constraint of rhe fixed coefficient
assumption. For example Haggblade et al. (19%) examine the effect of
endogenous price sensitivity in a comparison of alternative methods of
estimating agricultural growth multipliers. Their model, which allows
for upward sloping supply curves for non-tradeables and for substitutron
between inputs (see also Ingene and Yu, 1991), suggests that input-out-
put methods overstate the magnitude of growth multipliers by a factor
of between l0 per cent and 25 per cent. The volume of data required
(much of which relates to trade flows and is of dubious accuracy), how-
ever, limits the use of CGEs for purely regional purposes. There are fur-
ther, considerable problems associated with the calibration of coeffi-
cients, as an alternative to their probabilistic estimation. Consequently,
CGE models tend to deal with highly aggregared industrial sectors and
are mostly associated with efficiency questions and neo-classical welfare
analysis, for example analysing the effect of rhe GATT agreement (Kil-
kenny and Robinson, 1990). They are more extensively used in develop-
ing countries to determine the impact of alternative development scrar-

egies on rhe regional structute of production or distribution of income
(Adelman and Robinson, 1986; Claret and Roumasett, 1986; Howrtt
1986; Coxhead and Warr, 1991).

RECENT DEVELOPMENTS IN RURAL
INPUT-OUTPUT METHODOLOGY

The aim of this section is to examine some of rhe more recent work
that has been done rn the field of rural input-output analysis. Many of
these examples improve and extend standard techniques in order to over-
come some of the problems highlighted in the preceding section. These
problems include the static nature of the input and output coefficients,
the inclusion of induced (Type II) effects as well as rhe standard indirect
(Type I) effects, and the developmenr of regional modelling.

Standard input-output model coefficients are estimated using an av-
erage figure of the quantity of input required to produce one unit of
output. It has been suggested that if the coefficienr were instead esti-
mated by means of regression techniques, the srochasric variarion of each
coefficient could also be measured. This idea was originally developed to
overcome the further difficulty of allocating input use ro various enter-
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prises from whole farm data. Erringron (1987) burlr on an earlier at-
tempt of TyIer (1969) to use multiple regression techniques to esrimare
the proportion of whole farm input used by each separare enrerprise.
Each of the inputs is made the dependent variable for multiple regres-
sion, with output by enterprise as dependent variables. However, this
technique can also give rise to insignrficant or even negative coefficients,
probably caused by multi-collineariry (see also Midmore, 1991, who de-
veloped a ridge regression method of estimation for this problem, and
Moxey and Tiffin, i994 who applied Bayesian merhods). This problem
is also illustrated in some recent work from \ù7ales. which is summarised
in the next section.

Tradrtional input-output tables represent flows between industrial
sectors in terms of the money value of output, yer ir is possible to esrr-
mate the impacr of changes on other resources, for example the quantity
of employment, energy and environmenral variables. Either this can be

done srmply by translating rhe esrimates of output from each sectof into
energy use / employment use per sectot, or by constructing a separate

inpur-output table that measutes the flows of other resources them-
selves. Gould and Kulshreshtha"s (1986) analysis ofstructural change in
the Saskatchewan economy does this by modelling flows of energy

between separate sectors. Therr study separated changes due to fluctua-
tions in final demand from technological change, as well as dividing
technological change into market share and input structure effects.

The standard input-ourput model takes into account only Type I ef-

fects. Changes in household demand are 
^ggregvted 

with orher final de-

mands and made exogenous. However, changes that are experienced in
(for example) the agriculrural sector will affect household income of
farmers, farm workers and others, and therefore demand for consump-

tion goods, which in turn will have knock-on effects. It is possible to rn-

corporate the households as an endogenous part of the system and also

measlrre TypelI effects - i.e. direct, indirect and induced changes which

occur as a result of demand changes - thus creating a more "closed"

input-output model (Bulmer-Thomas, 1982; Pyatt and Roe, 1977;
Roberts, 1992). Thus, by incorporating households into use matrices, it
is then possible co drsaggregate them into different groups (by income

or other socio-economic stratification) if spending and purchasing pat-

terns for each group can be established. Making behavioural assumptions

abour each group allows estimation of the effect of changes in the system

on household purchasing power and its subsequent consequences.

Batey et al. (1987) have demonstrated how, in a specifically rural re-

gion, the results of economic impact analysis may be influenced _by 
the

ihoice of household disaggregation scheme. Using data from the Greater

Cork region in the Irish Republic, impacts were examined using four

model types. The simplest form of model treated households exogenously,

to produ-e mulripliers showing direct and indirect effects only. The sec-
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ond model included Type II mulripliers, enlargrng the rnput-output
model by incorporaring an exrra row and column to represenr households,
and endo6lenised them in the system of accounts to show direct, indirect
and inrensivity (normally termeà induceà1 effecrs. However, rhis assumed a

linear an.., homogenous consumption function for Each household and the
sam! pattern of unemploymenc and migration; the third model divided
households into indigenous and employed rmmigranrs (producing multi-
pliers showing direct, rndrrect and extensive, or ouc ofarea, effecrs) The
fourth model wenr one srage further and disaggregared households to rep-
resenr the redistnbutive elements of income change æ well, explicitly
modelling the propensities ro consume of unempJoyed workers including
the indigenous unemployed (and producrng multipliers rhat include di-
rect, indirect, extensive and redisrriburive effects) They concluded rhat
the largest component of induced impact resulred from extensive income,
i.e. rhar from immigrants rhough rhe inrensive and redistriburive income
effects more or less cancelled each other out. Employmenr impact, how-
ever, showed a clear gradarion of effects ; extensive effects were largesr, but
were modified substantially by redisrributive effects.

Round (1989) explored rhe decomposrrion of input-output and econ-
omy-wide multipliers in a regional serring. Using flows between two re-
gions and the rest of rhe world, the mechods for decomposing multipliers
were set our in a srraightforward, comprehensrble way. Turning finally
and m,rre specifically ro regional and inter-regional models we find a dii-
feren, range of problems rhar havc been rackled by a large number of au-
thors. Regional input-outpur rables (and variacions) have been creared rn
order to examine the consequences of a cerrain economic event in detail.
These enable the effecrs of changes in rhe economy to be examined ar a

more local level We nored earlier thar regional data can either be col-
lected to compile the tables, or alternarively, narional rables can be ad-
jusred by mechanical merhods. Both options can cause problems. To com-
pile rables from survey data, rhere are immense data requirements; some
that are eirher difficulr ro obrain, or simply nor available. The inaccuracies

The Aberdeen School of Agriculrure has devored considerable efforr to
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vide enough goods to the purchasing rndustry in thar region) wich survey
data. Outpur, income and employment multipliers, borh Type I and Type
II were calculated for 34 industrial seccors The resulrs indicatcd thac the
effect of increasing outpur in any one sector had the greatest impact on in-
comes and employment in the service secror and the lowesr on the food
industries. However, when indirecr effects were examined, rhe reverse was

true. This highlighrs the importance of examining the relative size of the
direcr and indirecr coefûcients, as well æ their atio(r/. For example, the
multipliers for the slaughtering sector are very large, yet this sector is rel-
atively unimpomant in terms of absolute values of output and employ-
menr. The Grampian study was extended by Leat and Chalmers (1!!1),
providing further disaggregation of rhe agricultural industry into 8 separ-
ate sectoff by using mulriple regression procedures on farm survey dara
(see above). Thcy concluded rhar with every job lost on the farm, approxi-
mately one off-farm yob would be placed at risk; alrhough their model
was specifically for the Grampian Region, this conclusion wæ similar to
that obrained from a model of countryside change consrructed for Eng-
land and Wales (Hawey et aL.,1986). They highlight two sources ofcon-
cern which limit rhe effectiveness of the modelling approach ; that the as-
sumptions of constanr inpur-outpuc relarionships when examining large
scale changes in agricultural and food production are dubious; and that
the model functions more accurately for contracrions of indusrry than ex-
pansion. The latter was ascribed to rhe readiness of businesses to shed la-
bour in rimes of difficulties, but a relucrance to rake on new staffin rimes
ofexpansion.

A recenr srudy in Canada (Gilchrisr and Sr Louis, l!!4) explored rhe
effect of diversification policies on a small region - Saskatchewan, assum-
ing thar the diversificarion would improve the performance of rhe econ-
omy by making it less sensirive to outside shocks. The implicarions of
policy alternatives were tested by examining the mean and variance of
regional income to obtain parrial policy rankings, on the assumprion
that appropriate criteria are locally increases in expected regional in-
comes and decreases in the variance of regional income.

Inter-regional models examine the flows ofgoods and services berween
different regions as well as outside the regional system to the rest of the
world. Richardson (1972) describes the compilation ofsuch models. More
recently, Gould (1986) has studied the impacts ofPrairie Branch Line Re-
habilirarron. Four regions were specificâlly defined by this study - Mani-
toba, Alberta, Saskatchewan, and "other Canada", and daca was collecred
to represent ûot only transactions between these regions, but also the level
of international and interregional trade for each commodity. This model

'' Tho poin, is discussed by Marras & Shresrha, 1990. They suggest a new
approach - char of inpuc-oucpur elasriciries, which incorporare both rhe mulciplier
effe.rs .rnd the relarrve size of rhe economics secrors.
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allowed total impact of the project to be estimated, and conrributed to
the information used to complete a cost benefit analysis study.

RECENT APPLICATIONS OF INPUT:-OUTPUT
ANALYSIS IN RURAL'ùTAIES

A series of regional studies have been carried out using the input-
output methodology, each of which examines certain aspects of agrrcul-
ture at the \7elsh (regional) level, or at the mid Wales (sub-regional)
level. In sequential order, the first set of studies placed inter-industry
linkage analysis, based on input-output methods, at the centre ofa study
of pluriactivrty and the Rural Economy in the Less Favoured Areas of
Vales (Bateman et al.,1993). This was itself part o[a wider study that
examined changing farm economies in Europe. Other ongoing research

employs a SAM, with drsaggregated agriculture and household accounts
to examine the flows of public suppoft to the rural area of mid \7ales(a'.
The importance of public support to rhis area to maintain the farming
industry and therefore the local economy has given rise to growing con-
cern about the targeting of not just public money, but all forms of direct
and indirect support. The research aims to identi$' the flows from these

sources (EU, national and local government and other public agencies)

and measure the impacts of changes in each on the distribution income
within and between farming and non-farming households. In this sec-

tion, however, we concentrate on results fiom the study of farm pluriac-
tivity in Wales.

The study examined current farm involvement in non-farm economic
activity, its potential to offset agricultural income losses and the capac-

ity for such ptocesses ro be assisted through government policy. Two en-
terprises, farm woodland management and organic farming, were sug-
gested as developments in pluriactivity thar could offer conrributions to
improvement in farm household income. Input-ourpur analysis was then
used to simulate the impact of these activities on the rural economy. The
simulations were based on previously constructed rnput-output tables
that underlie the \ûelsh Input-Output Disaggregated Agriculture
Model (\TIODAM), described in detail in Bateman u al. (19%).

{a) Jy1;4 \Vales is raken to be thar area covered by rhe Development Board for
Rural \ùfales and includes the three districts of Powys (Brecknock, Montgomery-
shire and Radnor), Ceredigion in Dyfed and Meirionnydd in Gwynedd This is an
area discincr ftom Rwal lVales, which has been idenrified as an EU Objecrive 1b
Area and exrends over most of the three counries of Dyfed, Powys and Gwynedd,
together wich parcs oFClwyd.
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Farm lYoodland as a Pluriactiuity Enterprise

Most policy incentives in Britain are concentrated on the establish-
ment of new woodlands and, given current cost and expected harvest
values, there has been a concentration on exoric conifer species. How-
ever, in environmental terms these are far less ecologically valuable than
existing semi-natural woodlands, predominantly broadleaf. These have
become neglected, and are decaying as a result of over-maturity and
grazing of the understorey as farming has become more specialised, al-
though until fairly recently they were managed productively for com-
mercial purposes (see, for example, Jones, l)27). Revived managemenr
of these areas would improve the supply of good quality timber and,
hence, the potential for rural manufacturing activities (Psaltopoulos and
Thomson, 199J, found strong backward linkages of wood-processing in-
dustries in the regional economy of Grampian). The aim of the srudy
was to provrde a comparison between rhe rotal (direcr and indirecr) rn-
come and employment effects of conifer plantarions on farms and re-
vived management of exisring, neglecred semi-natural broadleaf farm
woodlands.

The steps involved in developing this simularion were complex, and
can only be described in outline here. For more detail, see Bareman et al.
(I9%) In the case of conifer establishment, the existing arca and age
structure of this type of forestry on farms was derermined, in order to es-
timate likely future harvesting and replanting fares('/. Togerher with
information on historic rates of new planting, likely parrerns of total
new planrings and harvesting were established. These represent (a) a sce-

nario in which policies provide support similar co current levels, and
consequently the rate of decline in new plantings conrinues; and (b) a

scenario in which incentives are improved, ro re-esrablish che historic
rate of past new planting. There is no alternative bur ro assume thar,
over the lifetime of the simularion, both esrablishment and harvesting
technology remain constant. Esrimates of avetage costs, based on conif-
erous woodland activity reported from the survey of farms mentioned
above and other representative sources ofdata (Dolan and Russell, 1987;
Nix, 1986, 1991). These were used to project forward the total costs of
this type of farm forestry as if it were a single enterprise. The returns
were based on projected harvesting rates and assumptions about real
prices; these were either constant, or declining or rising by I per cent
per annum. Thus three demand assumprions were developed, rogether
with two supply assumptions, providing six scenarios in total.

One of the major difficulties in incorporating foresrry activities into
an input-output model is thac the link between major establishment ac-

(') In Brirain, felling licences are required for any major rimber harvesrirrg,
and ic has become customarv to issue such licences onlv on condition that reolanc-
ing cakes place.
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tivities and their subsequent benefits is a very long one. Oucput depends
on plantings or mânagement activities of past decades (see Thomson and
Psaltopoulos, 1994 for furrher discussion of rhis point). One merhod
adopted by the compilers of the 1979 Scorrish inpur-outpur rable (In-
dustry Department for Scotland, 1983) was to divide foresrry activitres
rnto two, planting and harvesting. However, there are difficulties with
this, norably that:

o in the case of planring, inputs are used up wirhout any "visible"

output: tirough a notional increase in the value of land can be attributed
ro g-css capita) formarion, rhe valuation techniques for this are unreli-
able, especially as the marker mechanism is subject ro considerable

lnrervennon;

. in rhe case of harvesting, not all of the inpucs are accounted for,

though of course it may be argued that the discounted establishment
costs were in any case negligible;

. most importantly, rhe input-output method allows the analysis of
industries as if they were whole systems, regardless of the circumstances

facing :ndrvidual enterprises, so that the long-run balance between tn-
puts and outputs can be evaluated.

For rhese reasons, the farm forestry options have been incorporated
inro the input-output model as single sectors, utilising the long-rerm
ratios becween activiry and other sectors. The average flows implied by

this conjecture have been subtracted from the overall flows into the fo-

resrry and fishing secror. For each scenario, Iong run input-output coef-

ficienrs were rhen calculated, relaring total costs and returns over a 40-
year forward projection. These, inserted into the base matrix of direct
coefficrents for the regional economy of \(/ales, provided the basis for
derivation of ourput, income and employmenc multipliers.

In the case of existing, recoveted semi-natural broadleaf woodlands,
the procedures have been different in some respects. The rare of ex-

rended scope of management of currently neglected resource was based

on two assumprions. These are; (a) the historrc rate of recovery through
the acrivities of the stare-funded organisation, Coed Cymru, whose role is

exclusively dedicared ro this acriyity, apptoximately 1,000 hectares each

year; and (b) the organisarionis proposed rate of recovery, approximately
3,000 hectares each year. Standard costs ofmanagement are not available
from published soutces. These costs vary considerably, due to the small
size and conrrasting tenain of such areas, often residuals of larger wood-
land areas rhat did nor prove suitable for conversion to pasture A serres

of case studies therefore provided the necessary avetage cost and output
data. Assumptions concerning returns followed the same pattern æ for
rhe conifer establishment simulations, adding a further six scenarios for
comparison. However, under che assumpcion o[ a more rapid rate of new
maoagement, most of the porential would be exhausred in the first 10

years oi the simularion Hence costs would rise to a peak and then de-
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Table l.
Long-run Average

Ourput Multipliers,
Farm Forestry, \r)7ales

cline rapidly thereafter, but supplies of better quality timber would be-
come available earlier and more consistently throughout the entire pe-
riod in question. In a manner similar the conifer establishment simula-
tions, long run input-output coefficients were calculated and inserted
inro inserted inro the base matrix of direct coefficients to derive of out-
put, income and employment multipliers.

These are shown in Tables 1-1. In terms of the effects of any of these

scenarios on total gross output, at least under the assumption of stable
prices, the largest effects occur from the "gradualist" approach to the im-
proved management of existing broadleaf farm woodlands, the least from
a policy of accelerated management. In between are the two conifer es-

tablishment options. If, on average, prices fall then the plantation op-
tions exert the greatest effect on gross output, for a given increase. If
prices rise, then the two plantation options provide much lower knock-
on effects. However, output effects are probably less inreresting rhan
those occurring with respect to incomes and employment. The over-
whelming impression from Table 2 is that here is much less variation
within these than in the output multipliers, and the relationshrp
between each policy option for each price assumprion is constanr. Accel-
erated management of existing broadleaf woodland, per unir of income
generated, creates the greatest overall effecr on incomes ; rhis is followed,
in order of magnitude, by the gradualist approach and then rhe two con-
ifer plantation policy options. Table 3 shows the job creatron mulriplier
effects. In contrast to the other rypes of mulrip[er, in this instance the
conifer options provide considerably grearer knock-on effecr, except if
prices rise on average .in the long term. It is interesring ro note thar,
from farm conifer plantation activity, employment effects are on average
greater if the recent rate of planting decline continues. The increase in
employmenc associated with the accelerated programme of management
of existing woodlands is lowest of all. Of course, it should be borne rn

mind that these are long-run averages, and that the accelerated pro-
gramme of managemenr of existing farm broadleaf woodlands would
cteate mofe jobs than other options during the initial lO-year phase,
during which rhe majority of woodland areas were drawn into the
scneme.

Price Astunptiont
Stable Falling Rising

Farn Forestry Con{er Plantations

Continuing 
^vera1e 

recent rate ofplanting
Continuing average recent rate of planting decline

Exis ting Voodlands Managenent

Rate of new management: t 1,000 ha per annum

Rate of new management: t 1,000 ha per annum

1.424 2.202

1.4r2 2.16r
r.r43
1.140

|.456 t.6)5 l.8i 3

1.r91 r.481 r.t54
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I aDle z.

Long-run Average
Income Multipliers,

Farm Forestry, \(ales

Price Assunptions
Stable Falling Rising

Farnr. Forestry Con{er Plantations

Concinuing average recent rate of planring

Continuing average recent rare of planting decline

Existing \Voodlands Managenent

Rare of new managemenc: t 1,000 ha per annum

Race of new managemenc: t J,000 ha per annum

r.255 r .251

r.2t4 |.252
r.2t4
r.2t3

1.212 1.21t t.272

1.280 t.218 1 .2 81

Table l
Long-run Average

Employment
Multiplicrs, Farm

forestry, 'Vales

Price AstanQtiont
Stable Falling Rising

Farnt Forestry Conifer Plantationt

Continuing average recent rate of planting

Continuing average recent rate of planring decline

Exiting'Voodlands Managenent

Rate of new manaSement: t 1,000 ha per annum

Rare of new manaSement: t 3,000 ha per annum

\.y9 r.619 \.169
r.351 t.1\6 1.18t

r.225 r.2ti r.544
1,066 r.r25 1.011

These input-output multipliers may be interpreted as indicating rhe

long-run ratio between the direcr impacc of various approaches to farm
forestry to their widet impacts on the rural economy. Consequently, they
are not directly compafable either with the short-term multipliers calcu-
Iared for agticulturai sectors in the same study (see following section), or
wrth the (rather weaker) backward linkages derived by Psaltopoulos and

Thomson (19%) Obviously these are important, given the harvest cycle
involved in forestry. However, it is perhaps also useful to provide a sum-
mary of che simulation from which the multiplier relationships have

been derived. This allows the absolute magnitude of the incomes and
employment created in each scenario to be compared. Table 4 provides
these details, showing annual averages over the same period for each sce-

nafio. Greater levels of income ceneration will be achieved if a sradual-
ist policy of bringing farm *ooàlands into management is purslued; rn-
cidentally, these will also be more stable. Conversely, more jobs will be

created in the medium term if the accelerated programme is arrempted.
This does not suggest, however, that the establishment of new wood-
lands on farms should be discontinued, merely that greater prioriry
should be given to the recovery of existing neglected woodland. This is

because the area of semi-natural ancient woodlands which exists is finire;
judicious planting, especially where it extends adjacent to existing areas,

can improve the qua[ty of this environmental resource. Also, there is

the possibility of a shortage of softwood in the early decades of the com-
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ing century, and ifthat
considerable areas will

is to be met partly from domesric resources, rhen
need to be planted up in coming years.

lncone Effects ênt.l 99 1 )
Price AssunQtions

Srable Falling Rising

Table 4
Annual Averages of

Total Income and
Employment Effcct,

Coni[er Plantation
compared with

Existing Management,
,Vales 7992-20J2

Farn Forestry Conifer Plantations

Continuing average recent rate of planting

Continuing ave age recent rate o[ planting decline

Ex is t ing tYoodlands Manageuent

Rate of new management: t 1,000 ha per annum

Rate of new management: t 1,000 ha per annum

0.780 0.884 0.468
0.119 0.820 0.6i 1

r.149 r.141 r]48
0.t1i 0,5r4 0.i1i

Enployuent Effut: (No. of Job:)
Price Assumptions

Scable Falling Rising

Farn Forettry Con{er Plantations

Continuing 
^verage 

recent rate of planting

Continuing average recenr rate of planting decline

Exi:ting Voodlands Managenrcnt

Rate of new management: r 1,000 ha per annum

Rate of new management: t J,000 ha per annum

3t

14/

l)4

4J 26

45 30

1i0 18i

162 lti

)rganic Farrning as a Pluriactiue Enterprise

The inclusion of organic farming as a plufiacrive enrerprise may seem
rnitially seem at odds since it is an alternarive farming sysrem rathet
than an alternative soufce of income. Nevertheless. rhe studv ser our
three hypotheses concerning the role of organic farming in rhe farm
business, the farm household and rhe rural economy, ro rest the irs va-
lidity of its inclusion. The hypotheses were:

r thar organic farmers have different (higher/lower) levels of income
from comparable conventional farmers ;

. that organic farming is likely ro have a markering and processing
pattern that differs from conventional farming;

. that organic farming would have a different parrern of inputs (in-
cluding labour) from conventional farming, and rherefore different im-
plications for the rural economy.

The first two hypotheses were tested using a regional subsection of
previous national surveys of organic farming to examine the level of in-
come and the pattern of activity in organic farm households. The analy-
sis drew heavily on Murphy's (1992) investigation of the extent of or-
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ganic farming in Great Britain, using data respecting the 78 farms in
\7ales. For the third hypothesis, input-ourput coefficients were identi-
fied that were appropriate to organic farming and which were then used

to modi$' \(IODAM. Briefly, it was concluded that organic farming
was a viable form of pluriactivity and of parricular interest to Wales,

with potential for a number of farm types and sizes, based on a small but
relatively well established presence in British farming. rVith respect to
its direct impact on the rural economy (in terms of on-farm employ-
ment) it offers some advantages over conventional farming, such as im-
proved marketing and processing opportunities.

The study investigated the relative indirect impact of two aspects of
an increased uptake of organic farming in \(ales. Organic farming re-

duces purchased inputs, such as fertilisers and chemicals, which will in
turn reduce the overall level of economic activity; however, this could be

offset by the increased employment opporrunities in marketing, process-

ing and packaging. Input-output multipliers were used to determine the
relative magnicude of each effect. As a preliminary, both the value of or-
ganic agriculture's output in \ù7ales and its cost structures needed to be

estimated in order to modify \TIODAM! use and make matrices. Data

fiom the Murphy study was used to fulfil both these requirements. Al-
Iocation of variable costs to enterprises was based on this survey gross

margin data, but the allocation of fixed costs required further work. The

regression technique described earlier in this article was applied and

some serious problems due to multi-collinearity between predicrors were

overcome by use of ridge regression estimators to provide satisfactory es-

timaces. In other cases they proved intractable, and conventional coeffi-

cients had to be "borrowed" instead.

Direct inpur-output coefficients were then calculated, and multiplied
the estimates of organic enterprise output. These flows were deducted

from rhe inpurs to the conventional agricultural enterprises; in addition,
the outputs oforganic agriculture sold to processing industries and final
consumers were entered on the final matrix, together with correspond-

ing deductions made to the sales of conventional agriculture. Output,
income and employment multipliefs wete calculated from the resultant

matrix. A majr-rr source of potential inaccuracy was due to the relative

age (from six ycars prior to the study) of rhe base input-output matrix.
While thrs is a common problem in rnput-output analysis, the matrices
can easily be updated when more recent infotmation becomes available.

The multiplier relacionships that were derived are shown in Table 5.

Clearly, no generalisarions can be made concerning relationships
between convenrional and organic multipliers: some were similar; othets
were significantly different. For example, for cereals, rhe differences are

fairly slight, but the conventional output and income multipliers were

higher, whereas for pasture and forage crops, the organic income multi-
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pliers were much higher than their convenrional counterparrs, though
rhe reverse was rhe case for the employmenr mulripliers.

Table 5 Input-output Multipliers [or welsh organic and conventional Agriculture

Oulprtt

O.gan ic Convencional

Incotne Emplolment

Organic Convenrional Orqanic Convenrional

Cereals

Pasture & Forage Crops

Orher Crops

Milk

Cattle

Sheep

Pigs

Other Livescock

r.02

t.22

1.1l

i.80

r.66

1.60

2.28

r.)5

1.06

141

l.0l
r.79

r.r2

2.01

2.63

t.)4

t.02

4.26

r.2g

2.46

2.64

1.t1

4.89

4.8

1.11

1.88

r.04

2.12

2.0)

2.21

4.30

1)q

t.I2
i. r6

1.17

2.96

l.90

2.44

13.7 0

2.36

r.06

2.12

1.04

) )c,

2.86

2.51

4.26

2.69

These multipliers should be used with caurion, given rhe current and
future states of organic farming in Wales. If significant changes involv-
ing dairying and livestock converring ro organic producrion were ro
occur, the result would be fairly complex. A series of calculations were
made to esrimare rhe toral effect of a swirch of 0,5 per cent of produc-
tion from convenrional livestock to organic production methods. First
the income effecr resulting from a loss in convenrional income for each
o[ the livestock enrerprises (milk, carrle and sheep) was calculated, rhen
the gain in income for each of the organic enrerprises, and finally the
impact on the incomes of rhe processing secrors (milk processing and
slaughtering) A 0.5 per cenr reducrion resulted in a very small total im-
pact of a loss of income, f0.37 million.

These conclusions highlight rwo issues: the economic viability of or-
ganic farming i and irs potenrial conrribution in fulfilling environmenral
and social objectives. The study argues rhar rhere is a srrong case for û-
nancial support to organic farmers. In the contexr of pluriactivity, the
study concluded that firstly, the direct impact of organic farming on rhe
rural economy (in terms of on-farm employment) offered advanrages
over conventional farming. Secondly, the knock-on effecrs of organrc
farming suggested thar any possible disadvanrages in rerms of lower
input use were offset by benefits in terms of additional local processing,

CONCLUS/ON

In this article we have atrempted to show the potential range of in-
novative approaches that input-output techniques provide to cope with
contemporary policy issues related to agriculture and rural regional
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economies. In particular we hope to have demonstrated how a number of
intersecting concerns that are environmental, social and economic in na-
ture can be handled within this context.

There are, of course, a number of difficulties and constraints. Obtain-
ing accurate descriptions of input-output flows can be costly and time-
consuming, even if they only need extending to cope wirh the circum-
stances o[ the evaluation in question. For instance, to construct an extra
set of input-output relationships for organic agriculture rook almosr as

much time as the original group of input-outpur coefficients from which
they were being distinguished. Yet there are good reasons for developing
compromise approaches in which parr of regional tables are mechanically
derived, since some flows are more important than others in terms of
their contribution to tab[e accuracy. Equally, even if acceptably accutare
tables can be constructed, there is good reason to suspect that regional
(and inter-regional) flows, and rhe behavioural relationships assumed
from them, are not as stable as those described in national tables: ana-
lysts need to take on board the consequences of using our-oF-dare coeffi-
cients. Despite these concerns, it is clear that the versatiliry and unique
potentiai of input-output techniques will ensure their continued appli-
cation to problems relared to agriculrure and the rural economy rn the
foreseeable future.
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