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ABSTRACT

Following the entrance of Portugal into the EC in 1986, the agricultural sector faced important
challenges in implementing the agreements for the first stage of the transition period, the rules that were
agreed for the second stage, and the 1992 CAP reform. These last two developments accelerated the
integration of Portuguese agriculture into the Community, and their long term impact will differ from region
to region and will probably demand improvements in management skills and efficiency, adjustments in farm

size and in the crop-livestock activities, and changes in the path and pattern of farm growth.

The objectives of this study were: 1) to analyze the characteristics of farm growth, 2) to estimate and
measure the levels of technical efficiency, and 3) to predict farm development under the CAP reform for the
period 1992-2000. This analysis was undertaken on four of the ten agricultural systems (intensive, semi-
intensive, extensive and poor lands) that comprise the Alentejo region. The methodologies employed were a
covariance model to analyze the characteristics of farm growth, parametric and non-parametric methods to
estimate and measure technical efficiency and a multiperiod growth model to predict farm performance on 9

farms in the four selected farming systems.

The results showed that: 1) the process of farm growth of Alentejan farms was farm and farming
system specific and that small farms grow faster than larger farms, 2) there is room to improve technical
efficiency in converting inputs into agricultural outputs and that it will be more important for farms belonging
to the extensive and semi-intensive farming systems to show improvements in efficiency, and 3) farm income
will decrease for all the farming systems analyzed and extensification will probably take place based on
livestock activities (sheep and cattle). The intensive farming system is the one that shows a higher ability to
survive in the long run. The capacity to survive of the other three farming systems will depend on farm size,
with larger farms showing a better performance. These predicted changes will affect farm size structure in the

long run and the capacity of agriculture to employ agricultural labour at the present levels.
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CHAPTER | - INTRODUCTION

The entrance of Portugal into the European Comiy(BC) in 1986 was the beginning
of the process of integration of the Portuguese@ny into a more developed and competitive
economic space. This integration process was ragdtiso as to be gradual and to last for a
period of ten years for the most important econogdctors and activities, and has been an
important challenge for an economy that was stidddl on low wages and characterized by low
productivity levels.

Among the economic sectors that would face thenamic integration challenge,
agriculture was an important one, because in 11986liemployed around one fourth of the active
population, was in general characterized by lovelewf technology, and had an inefficient
agrarian structure in the major part of the countBarmers' skills and age structure presented a
serious limitation to a quick and rational answerat changing and unfavourable economic
environment, and agricultural markets had beereptetl from outside competition for more than
half a century. The challenges that the agricaltsector faced were reinforced by the decision
taken by the Portuguese government during 1990-1@%tcelerate the integration process of
Portuguese agriculture into the Community.

Agricultural systems in Portugal vary significanticross the country and the impact of
the integration into the EC will be dependent om thgion considered. Four main agricultural
systems can be defined considering rural and agralifferentiation: the northern-central coastal
(Minho and Beira Litoral) regions, the northern4cehinterior (Tras-os-Montes and Beira Interior
regions), the southern flat fields (part of Ribatepd Alentejo region), and the southern part of
the country (Algarve region) and some municipaitseirrounding Lisbon (Baptista, 1993). The
first two agricultural systems occupy the Northtparthe country above the Tagus river, while
the last two occupy the southern part of the cgusdrcan be seen in Map 1.1.

The northern-central coastal agricultural systeroharacterized by small-scale irrigated
agriculture, based on multiple crop and livestoakming systems in which milk, beef, wine,
maize and potatoes are the most important actvitidhe farming systems are mainly non-
specialized with a significant role of home constiom use principally family labour, and part of
the farm family has off-farm jobs in industry arehsces. In the last two decades these small-
scale agricultural systems have been opening upeanarket and farms have become more
specialized, principally in milk, maize and wineoguction. The northern-central interior
agricultural systems show similar characteristicthe northern-central coastal system, regarding
farm size, the use of family labour, home consuompéind non-specialization, although in some
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delimited areas, specialized systems can occuragigmeyards on the banks of the Douro river
for the production of port wine. The farming systebased on multiple crop and livestock
activities are of the dryland type and the mostdrtgnt activities are wine, olive oil, beef, small
ruminants, fruits, potatoes and cereals. The wedistrialization has been unable to create
alternative jobs, and in many cases imigrationrtan centres or foreign countries has been the
only option available for members of farmer fanslauring the last decades.

The agricultural system that occupies the soutllanfields (most of Ribatejo and
Alentejo regions) is characterized by farming systéhat are more specialized, with a marketing
orientation, where in many cases, small family farane substituted by larger entrepreneurial
farms. In the irrigated areas of the Ribatejo tr@dAlentejo, farming systems are intensive with
high technological levels, where the most importaetivities are rice, tomatoes and processing
fruits and vegetables. The dryland farming systernich are dominant in the Alentejo region
have been based on cereal production along witlradgpastures that feed livestock activities
(beef and sheep), and where agricultural interitia is dependent on soil potential. There are
important concentrations of vineyards and olivedras well as of cork trees and other forestry
activities. The Alentejo region is also charaaedi by a low level of industrialization, low
population density, and with a significant percgetaf hired workers in the agriculturally active
population.

The last agricultural system, which occupies thattsern part of the country (Algarve)
and some municipalities around Lisbon, is charadrby specialized and market-oriented
farming enterprises in which wine, fruits and veddts are the main activities.

Since 1986 Portuguese farmers have been faciagljastment process in their farming
activities regarding the new economic conditiorsated by the application of the rules for the
first stage of the transition period in which oudtparices for the majority of agricultural
commodities have decreased in real terms. Theioevof the agreements for the second stage of
the transition period, the 1992 reform of the CAld #éhe single European market led to further
decreases in output prices which are expectedddupe additional adjustments in Portuguese
agricultural systems. These adjustments will benegreater if, as result of the General
Agreement on Tariff and Trade (GATT) agreement, itamithl changes in the common
agricultural policy (CAP) are introduced later.

One of the agricultural systems and regions inctwhihe process of agricultural
adjustment is expected to be felt with relativesity is the Alentejo region. The 1992 reform of
the CAP, which led to further decreases in cere@ep and encouraged extensive farming
activities, accelerated the need for reconversimhamaptation of the dryland farming systems of
the Alentejo region to the new economic conditidagved from that policy reform. Among the



dryland farming systems in which the CAP reform Wilve stronger repercussions are the ones in
which cereal activities have represented in thégragmportant source of revenue and income.

It is expected that the application of the rulasthe second stage of the transition period
and the 1992 CAP policy reform will affect the Alejan agricultural sector in terms of the
profitability of the crop and livestock activitiggactised, family and hired labour use, farmers'
willingness to invest, and farmer incomes. Theisat of the Alentejan farmers in the economic
environment derived from the agricultural policyarens would probably require a significant
degree of adjustment in their crop and livestodiviies, farm size, farm growth, direction of
agricultural investment and labour use. The nesnemic environment is more competitive and
with less protection than before, and this will éeeh from farmers an up to date knowledge of
the agricultural policies and markets, in ordebbécable to generate and even anticipate, quick and
rational answers to their farming activities whésamges are observed in the agricultural policies
and markets. In overall terms the above predietahbnges would require improvement in the
management skills of Alentejan farmers in orderirorease their levels of efficiency in
agricultural production.

The expected changes at farm level will also rayarticular effect on the capacity of
agriculture to employ the agricultural workers tktll represent a significant percentage of the
Alentejo agriculturally active population. The tpeam and downstream sub-sectors that are
directly and indirectly connected with agricultuas, well as the overall economic performance of
the region, will also be affected by the changeseoled in the levels of agricultural activity.

The majority of the previous studies undertakesuaidlentejan farming systems such as
the ones by Fox (1987), Marques (1988), SerraoQ)Lp&edicted a significant reduction in farm
income under the conditions of the initial tramsitagreements agreed between Portugal and the
Community. However, the majority of these studiesnot include the new policy framework
derived from revision of the agreements for thewesdcstage of the transition period and the 1992
CAP reform, they were conducted in a comparatiagcstramework not taking into consideration
the role of flow of funds in the process of farnowgth and adjustment to the new economic
conditions, and they were biased towards the stéithrger farms (> 200 Hectares) excluding the
small (< 50 hectares) and medium (51-200 hectasiged farms that represent a significant
proportion of Alentejan farms and agricultural auitp

Due to the low levels of education and profesdidraining of Alentejan farmers, the
need for improvements in farmers' management skiltk consequently in the level of efficiency
of agricultural production has been recognizedrasrportant goal to be achieved, either by the
studies undertaken or by governmental policy thinodlge professional training programs
implemented, in order to increase the capacitylehi&jan farmers to adapt and to survive in the



new economic conditions of European integrationowklver, no specific studies have been
undertaken to evaluate the present levels of effe of Alentejan farmers and find out the extent
to which inefficiency has been a restriction in gegformance of Alentejan farmers. Machado
(1993) in a study of the Northeast and Central UBoktse regions found that technical
inefficiency was not a significant problem for tferms located in that regions and those the
objective of the agricultural policies must be toorpote the adoption of more modern
technologies and expand the production frontier.

In order to address some of the issues and cahamentioned above about the
development of Alentejan agriculture, it was coastd of important to examine at the Alentejo's
agriculture from the viewpoint of its farming syste with the main aim of studying the following
aspects: 1) the characteristics of the growth m®oé Alentejan farming systems, 2) to evaluate
the individual levels of technical efficiency ofeéitejan farms and 3) to predict the performance
of Alentejan farming systems under the recent agweénts of the CAP.

The objectives described above were performedoan éf the ten Alentejan farming
systems. The farming systems selected were tbasive (IS), semi-intensive (SIS), extensive
(ES) and poor lands (PLS) which account for 62r¢qr of the Alentejo agricultural area, 77.2
percent of cropped area and 48.5 percent of pemhangp area. The data used was individual
farm level data collected by the Ministry of Agrittre through the EC's RICA (agricultural
information and accounting system) accounting systeor the first and second objective a panel
data of Alentejan farms for the period 1985-1991usexd, while the RICA data for 1988 was the
only data set available and used to accomplisthilg objective.

The first objective was to analyze the procestwh growth of Alentejan farms and to
give some insight about the relationship betweem fgrowth and farm size. The methodology
used was a covariance growth model that allowet tesst if farm growth depends on farms and
farming systems and if farm growth was independéfdarm size (Chapter IV). This corresponds
to a test of Gibrat's law of proportionate effect.

The second objective was to measure individuatl$ewof technical efficiency for the
farms belonging to the farming systems selectedwaadnethodologies were used: the parametric
and nonparametric approaches (Chapter V). Themedrig approach estimated individual levels
of technical efficiency with a Cobb-Douglas prodotfrontier using three panel data methods
for its estimation, while the nonparametric apphoaweasured individual levels of technical
efficiency through the construction of a piecewisgear production frontier using linear
programming techniques. The nonparametric measfiréechnical efficiency was further
decomposed in its three components, and pure tmthstale and congestion efficiency measures
were evaluated.



The methodological approach followed to measucartieal efficiency allowed us to
compare: 1) individual levels of technical effiadgrand the ranking of farms by efficiency levels
estimated by the three parametric estimator teclesigised and to select the parametric estimator
method that best described the data using a fostasiktical test, and 2) individual levels of
technical efficiency and the ranking of farms byiogéncy levels for the parametric and
nonparametric methods. The individual levels ohtecal efficiency evaluated were used to test
the relationship between efficiency and farmingtesys farm size, farmers' experience, land
ownership, irrigation and labour characteristics] &ivestock and product specialization as well
as the relationship between efficiency and the fgwowth measures derived from the covariance
growth model.

With respect to the third objective, to evaludie performance of Alentejan farming
systems under implementation of the rules for #mid stage of the transition period and 1992
CAP reform, the methodology employed consisted oiding farm growth models using
multiperiod linear programming techniques for thegigd 1992-2000 (Chapter VI). These farm
growth models were applied to nine farms with ddfe area sizes that were selected based on the
1988 RICA data set. The input-output coefficiamése derived based on the 1988 RICA data and
on interviews made with the selected farmers. Fdenelopment was evaluated for two basic
scenarios 1) assuming that farms maintained timdrand technology equal to that observed for
1988, and 2) assuming that farmers take opportsnitor growth and introduce improved
technologies and new activities. Additional sintiolas were performed for the introduction of
minimum tillage techniques, adoption of the Commumsiet-aside scheme and a reduction on
sheep prices.

The predictions of the nine farm growth modeldtkior the scenarios considered will
help us infer the capacity of Alentejan farms tovsie in the long-term, to anticipate the main
directions in their process of farm growth or degliand to collect evidence about the activities
and technologies that will better suit them in faire. Although recognizing that the GATT
agreement will introduce changes in the level gipsut of the common agricultural policy, this
agreement come out after the main modelling exexis concluded.

It is expected that the results obtained fromrdsearch framework designed above will
1) answer directly some of the issues and concaissd previously and which are a consequence
of the application of the 1992 CAP reform, suchtlees best strategies for farm growth and
optimum enterprise combinations for Alentejan far@)shelp to make some inference about the
process of farm growth of Alentejan farms (needbéo cautious in generalizing the results
obtained for the other farms of the region), ané®&)luate the importance of improvement in the
present levels of management and efficiency as agelidentifying for which groups of farms



improvements in efficiency are more relevant.

In the next chapter a brief description of the mnmaievelopments in Portuguese
agricultural policies during the periods before afftgr integration into the EC is undertaken and
this is complemented with a summary of the mostvait changes observed in the Portuguese
agricultural sector during that period. In chapliea characterization of the changes observed in
the agricultural resources of the Alentejo regiamirdy the last decade is undertaken, while in
chapter IV the farming systems studied are selembeldcharacterized along with the analysis of
the growth of some farm variables for the perio@7:2991. Chapter V evaluates individual
levels of technical efficiency for the farming wsis selected using a parametric and
nonparametric approach, compares the differentadsthised, and tests the relationship between
efficiency and different farm characteristics. Qlea VI starts with a literature review focusing
on the programming models developed with similgectives and on the previous studies about
Alentejan farming systems, and this is followedthy presentation of the growth programming
model utilized to predict the performance of Al¢atefarms, the selection of the nine farms used
and the verification of the model results, and esitls the presentation of the farm results for the
scenarios considered. The last chapter addrelseprincipal conclusions derived from this
study, its limitations and opportunities for futuesearch.



CHAPTER Il - CHANGESIN PORTUGUESE AGRICULTURAL POLICIES

The objectives of this chapter are to make a susnmfithe evolution of Portuguese
agricultural policies before and after the entraimcthe EC and at the same time to give a brief
overview of the changes that have occurred in Bogse agriculture.

2.1- PORTUGUESE AGRICULTURAL POLICIES

The intervention of the Portuguese governmentgiicaltural prices and markets goes
back at least to the end of last century and stavith the protection of the national cereal market
from international competition. After the establizent of the Republic in 1910, government
intervention was reinforced in 1914-1915 with tlomtcol of the domestic cereal markets, but it
was with the military coup of 1926 and the instédla of a dictatorship in 1928 based on
corporatism (in which economic and political adtes of all individuals and groups were under
government control) that a strong set of corpopalicy measures was implemented to regulate
the agricultural sector (Lucena, 1991). After 19With the overthrow of the dictatorship,
changes to the corporate system were introduceddépt to the new political conditions.
Significant changes occurred with the agrarianrmefm the southern part of the country and the
dismantling of the corporate system of farmersaoizations, but the main core of the corporate
structure, principally in terms of output pricesdamarkets, remained almost unchanged until
Portugal's entrance into the EC in 1986. After6l38ith the entrance into the EC a set of new
rules were put in place in accordance with thesitemm rules agreed between Portugal and the
Community. These transition rules, revised in 1900ng with the approval of the 1992 CAP
reform defined the framework for the developmenPoftuguese and Alentejan agriculture until
the end of this decade.

2.2 - PORTUGUESE AGRICULTURAL POLICIESBEFORE 1986

Portuguese agricultural policies before the ewtanto the European Community were
dominated by the set of corporate rules that wetabished during the thirties. Avillez, Finan
and Josling (1993) in a study of Portuguese agullpricing policies, divided the period before
1986 into the following sub-periods: 1) Salazarid®30 - 1964, 2) agricultural crisis, 1965 -
1973, 3) the revolution and land reform, 1974 - Z6a new order and macroeconomic crisis,
1977 - 82, and 5) reform measures and accessitet&C, 1983 -86. For each one of these

periods the main characteristics and changes ioudtgiral policies are summarized below.

From the thirties until 1974 the Portuguese adjrical sector was regulated by a set of



corporate rules established during the thirtiesrdfte installation of the dictatorship known as
Estado Novo. During this period agricultural protion, organization, marketing and trade were
controlled by a set of regulating bodies callechaigations of economic coordination, and a set of
farmers' organizations called grémios and fedaratioSpecific governmental incentives for the
development of the agricultural sector, or to inwerondividual farmers' conditions, were reduced
during the first period of the Estado Novo (193@9Pbecause the development strategy adopted
from the thirties was in general concentrated dragtructure building for the whole agricultural
sector or regions (EFTA, 1965). Excluding the cardities programmes introduced with the
objective of reaching certain domestic productiaalg of self-sufficiency, such as the wheat
campaign in the thirties and a forestry programmihé forties, the government's aim was to raise
the economic status of agriculture through econaiaielopment plans to expand the national
economy, including the agricultural sector (OEEZ51).

The period between the sixties and 1973 was ctesiized by rapid industrialization and
high economic growth, which was followed by higfidation, an increasing deficit in the trade
balance, and migration from rural areas to urbamtres and foreign countries. The internal
migration, together with a rise in the standardivwhg of the urban population, increased the
demand for agricultural products. The agricultw@ttor was not able to satisfy this increasing
demand for food increasing the trade balance defteid above. As a result, land consolidation
schemes and commodity programmes for cerealstdislesaand milk, with input (modern inputs
and capital) and output price incentives were duoed to induce technical change and expand
production, while for the first time specific dewpment strategies were drawn up for the
agricultural sector in the last economic developrpéan defined before the 1974 revolution.

The revolution of 1974 occurred in the middle loé first oil price shock and a world
recession and caused the return of several huritiméand Portuguese emigrants from the
former African colonies. These circumstances imeed the costs of food imports and created an
unfavourable economic environment to reform they fifear old social and economic corporate
structure. During the period 1974-1976 the mogtoirtant changes in agricultural policies were:
1) the abolition of the corporate structure of colnof prices and markets and its substitution by
parastatal marketing boards with similar or evemeniiaterventionist functions than before 2) the
abolition of the corporate structure of farmersjamizations and the creation of farmers'
organizations independent from the state such egrtarketing cooperatives and agricultural
confederations, and 3) the called "agrarian refdmihe southern part of the country, principally
in the Alentejo region. This reform was initiatbyl landless farmers and agricultural workers
who occupied the big estate farms and organisedlahe into collective and cooperative
production units.

The period between 1976 and 1982, that corresporidethe first constitutional



governments (the first parliamentary elections tqoéice in 1976), was characterized by
increasing levels of output and input subsidiescivitéd to budget difficulties, the introduction of
commodity and development programmes such as ihg 8CAA (Alentejo agricultural credit
programme) and PDRITM (Tras-os-Montes Developmemigramme) with some of these
programmes being financed by external sources ascthe World Bank, USA and EC, the
reformulation and concentration of the incentivasdgricultural investment (short and long-term
subsidized credit) in a new institution called IFAB, and the approval of new land reform laws
directed to the agrarian reform zone and new tgnianes.

The last period before the entrance into the Conitywwas mainly characterized by
budget pressures which led to the abolition of irguipsidies (fertilizer, feedstuffs and short-term
subsidized credit) and followed by the governmed'sision to rise output prices. In general,
Portuguese output price increased in proportionentban the input prices and transferred the
subsidy burden from taxpayers to consumers. Duttiegsame period there was a gradual
introduction of a more flexible output price polisymilar to the one observed in the EC, the
negotiations for entrance into the EC were accewldraand concluded in 1985, and the
programmes resulting from the EC pre-accessiowaré applied.

2.2.1- Agricultural Policiesand the Agricultural Sector

The wheat campaign of the thirties which had thgeaive of expanding wheat
production to reach self-sufficiency through guéeed prices and input subsidies, bringing to
cereal production new agricultural land principatiythe Alentejo region, was able to reach the
main governmental goal of self-sufficiency in céseaprincipally wheat (Lucena, 1991).
However, it had some harmful consequences becausemy cases the new agricultural land
brought into production did not have enough praducpotential for cereals, or resulted from
deforestation of natural forests leading to erogiomblems and a decrease in the land's future
agricultural capacity.

Avillez, Finan and Josling (1993) studied the clirend indirect effects of the agricultural
pricing policies between 1960 and 1985, and evatl#ihe nominal protection rates for this
period. These results are shown in Table 2.1 soxd them one can conclude that in general the
agricultural products that are important for themgjo region, such as maize, wheat, tomatoes,
beef and sheep, had positive rates of protectioingiuhe periods considered by the authors,
meaning that prices were higher than they woule:Heeen without the agricultural policies. The
rates of protection were higher for maize, wheegfland sheep and show a decreasing tendency
through time. These varying rates of protectioruldchave caused relative output changes
depending on the price elasticities and relativeematios experienced.
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Table 2.1 - Nominal Protection Rates due to Diesxt Indirect Price Intervention

Milk | Wine | Rice | Tomatoe§ Maiz¢ Wheat Bedf  Sheep
1960-64 4 10 4 10 31 60 54 10
1965-73 11 1 14 4 26 62 53 29
1974-76 11 -1 -18 37 12 -11 109 32
1977-83 8 -10 -11 5 28 14 85 21
1984-85 -2 -14 4 -1 18 24 26 6

Source: Avillez, Finan and Josling (1993)
a positive number indicates a rise in price fodpieers

The decomposition of the nominal protection rates its direct and indirect effects
allowed the authors to conclude that regardingdilect effects: maize, wheat, milk, sheep, and
tomato prices, would have been lower in the absehttee price support programmes, while wine
and in some years rice prices yielded farmersthess the world price. With respect to indirect
effects, the undervalued escudo in the sixtiesdaasean implicit subsidy, offsetting some of the
negative effects and amplifying the positive effeethile in the seventies the overvalued escudo
had the opposite effect.

The same authors also analyzed the policy eftectadividual representative Portuguese
farms for the same period and concluded that ttgedgarms in the centre and south (Alentejo
region) benefited much more from the agriculturaligies pursued than the small and medium
sized farms in the north and centre because tmeleteto use more modern inputs which were
subsidized, and had a production structure direictdéde market. It was also noted that they had
greater influence in the political decision makpmgpcess. Their results showed that the larger
farms in the Alentejo region each received on aye®0 times as much as a northern small farm,
in governmental annual transfers due to the daedtindirect pricing policies.

In a study of the Alentejo region, Fox (1987) gmall for 1983 the private and social
profitability and net policy effects of the follomg Alentejan activities: wheat, sunflower, rice,
tomato, lamb and beef. The methodology used bwditieor was whole farm activity budgets, in
which private profitability (receipts minus inpubd factor costs) and social profitability (using
social prices) were calculated. The results sumzethin Table 2.2 show that, with the exception
of sunflower and rice, the input and output polktiects were high, meaning that for the other
commodities studied there was a significant difieesin private and social costs and private and
social revenues, principally in terms of labouita, fertilizer and other input prices and output
prices, meaning that in the absence of the pripolicies the profitability of those activities
would have been much lower.
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Table 2.2 - Private and Social Profitability and Relicy Effects for Crop and Livestock

Commodities in the Alentejo - 1983 (Returns to damd Management)

Item Private Profitabilit)f Social Profitability| Net Policy Effects
Wheat Good Soifs 20.9 5.9 +15
Wheat Poor Soifs 6.2 5.3 +11.5
Sunflowef 1.4 2.0 -0.6

Rice 55 54.5 +0.5
Tomatoed 58.9 16.2 +42.7
Lamb Medium Manageméht 91 -260 +351

Lamb High Managemeht 136 -193 +329

Beef FeedIdt 38 -15 +53

Beef Pasture 81 -34 +115

Source: Fox (1987)

#thousands of Escudos per hectare

® Escudos per kilogram of carcass weight
¢ (+) equals a subsidy and (-) equals a tax

Regarding the role of output and input price iniees in farmers' response and
agricultural output, Soares (1987) in a cross-secupply study of Alentejan farms for the sixties
concluded that farmers responded more positivelyutput than to input prices and that output
prices were more efficient in stimulating the grovaf agricultural output. Costa (1987), in a
study of input use for the period 1950-1980, cotetlithat the favourable price evolution of
modern inputs (machinery, equipment and fertiliggrisen compared with traditional ones (land
and labour), was not able to induce a sufficientdase in the use of modern inputs to offset the
reduced use of traditional inputs and at the same tncrease significantly the agricultural
output. Machado (1993) reached a number of impbdanclusions regarding the development
of the agricultural sector during the period 196884, such as that productivity growth was
significantly positive and technical change follalvihe directions induced by movements in
factor prices.

The agricultural population has been decreasimmgluhe last decades, accounting for
23.3 per cent of the total labour force in 198@] mnwvas characterized by an old age structure and
low levels of educational skills. The aging praces the Portuguese agricultural population
started in the sixties when migration from ruradee to urban centres and foreign countries took
place. Between 1960 and 1989 the age pyramid nvasted. In 1960 the percentage of active
population in agriculture less than 45 years ofagmunted for 62.0 per cent and in 1989 for 22.2
per cent, while the population older than 65 yedrage accounted for 9.6 and 27.2 per cent,
respectively. Another consequence was a signifieguction in the farm population: from 42.2
percent in 1960 to 30.0 in 1970 (Estécio, 1982Iaik 1989). The levels of educational skills of
Portugal's labour force had barely changed in thequling decades with only a slight decrease in
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the illiteracy from 29.8 percent in 1979 to 25.%cemt in 1989. In 1989, most of the farm
population (70.4 percent) had elementary educatiwhonly 3.7 percent had secondary or higher
education (INE, 1979 and INE, 1989).

The agrarian reform after the 1974 revolution tptdce mainly in the Alentejo region.

The principal effects were a change in land ownprBlom private farmers to cooperatives, an
increase in average farm size in the large aresetadue to the merger of different farms into
cooperatives, and an increase in the levels obnagjiemployment, principally the change from
part-time to full time jobs of many agricultural viers. There were no significant changes in the
pattern of crop and livestock activities and tedbgies used before and after the agrarian reform.
After 1976, the following development occurreditlig approval of the land reform law of 1977
in which part of the land occupied illegally duritige revolution was gradually returned to the old
landlords due to increases in the area that caallddimed by landlords, 2) in the early eighties
some of the nationalized land was distributed leygbvernment to landless farmers, and 3) the
approval of the land reform law of 1988 that crddtee conditions for the return of the majority
of the land to the old landlords. The productiopperatives argued that with the implementation
of the last land reform law the majority of the opied land would return to the former owners.
They pointed out that only 25 cooperatives woulchaim, and they predicted that the social
consequences would be that thousands of illiterates aged cooperative members would be
unemployed in the near future (Agra-Europe, 1988k a consequence of these changes, the
number of production cooperatives and collectivédsyrthe areas farmed and the number of
agricultural workers employed by them, have beeoredsing. By 1989, the number of
cooperatives was one third of the number obsemet®di’5, the area occupied was around 21
percent, and the number of agricultural jobs segplby the cooperatives around 17 percent
(Fenca 1989).

After 1976, some development and commodity progras were implemented at
national and regional level with the objective ebrganizing production structures, improving
technologies, constructing basic infrastructured amproving the processing and marketing of
agricultural products. Among them the dairy progmze for the Northwest financed by the EC is
cited as an example of success, in which the griaimd marketing policies directed towards that
region had an important contribution for the susce$ that programme. The agricultural
programmes implemented in the Alentejo in the s@eenties and early eighties were the PCAA
funded by the World Bank (which financed agricudduysrojects to expand the forage, pasture and
livestock capacities of Alentejan farms), the funafsthe PL480 that financed individual
agricultural and agro-industrial projects in thgioa and also the regional component of the
national programme PROCALFER. The objectives oORRLFER were to invest in new
facilities for the production and distribution @fie and to finance agricultural investment projects
to improve land fertility through the correct uddentilizers and rotations.
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With respect to subsidized agricultural credig tiheation of IFADAP in 1977 meant that
the lending activities of the Ministry of Agriculel ended, and that all credit to the agricultural
sector was supplied by parastatal or commerciadyamhile the role of IFADAP was to approve
subsidized investment projects. Among the lendiirsgitutions, the contribution of the credit
cooperatives to the financing of agricultural irtwesnt projects increased substantially during the
eighties and reached more than fifty per cent ef thtal subsidized credit to the farm sector
following the relaxation of institutional constrégn Although the creation of IFADAP in 1977
had the objective of improving the supply of sulzd investment funds, the IFADAP credit
lines had high transaction costs due to the buraticacgprocedures involved, which led to a
discrimination against some farm categories, ppalty small farms (Monke et al., 1983).

During the eighties, Portugal received aid from BC pre-accession aid which had the
objective of preparing its productive structures iftegration. The agricultural projects were
mainly financed at governmental level such as #émmnfaccounting, definition of representative
market and a system to record market prices, miofesl training, re-forestation and the
establishment of a viticulture land register. Omhe project at farm level received pre-accession
aid: the dairy programme. As Dauderstadt (1981est the pre-accession aid did not make the
modernization process socially more acceptableaussx the EC aid was biased towards big
investment projects instead of more continuousnietgions through the support of small and
medium sized enterprises, and agriculture onlyivedea small share of the funds available.
Furthermore, the agricultural funds were mainhgdied at infrastructures, and not at farm level.

Although the number of agricultural incentives liacteased and the amount committed
to them has risen from around 15 in the sixtiegrtmnd 30 percent of the agricultural GDP in the
eighties (Avillez, Finan and Josling, 1993), thei@adtural sector was not able 1) to respond in
terms of agricultural output to the increasing linté demand for agricultural products, which
resulted a worsening trade deficit with a covee thiat was 61.7 per cent in 1973 and 37.2 in
1980, and 2) to modernize in such a way as to beaonre competitive in comparison with the
other Community members or to countries with simélgro-ecological conditions. Table 2.3 to
2.6 compare yield levels, farm structure, inputstonption, and agricultural product per labour
unit, hectare of agricultural land, and farm foeitejo, Portugal, Spain and the EC. Yield levels
for Alentejo and Portugal are very similar and demahan the ones observed in Spain and in the
EC. These low yield levels are due not only todowoil potential and lower rainfall but also to
lower input use as shown in Table 2.5. Other axgilans are the age structure of Portuguese
farmers, low levels of education and professiorahing and a deficient farm structure with an
average area of around 6 hectares with the majofithe farms belonging to the 0-4 hectares
farm size classes, while in the EC the majorittheffarms are greater than 4 hectares. As a result
of these factors, agricultural product per labdamd and farm are much lower when compared
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with Spain and the EC as shown in Table 2.6. B6IPortuguese agricultural product per labour,

land and farm was around 16, 39 and 21 per cgheadverage Community levels respectively.

Table 2.3 - Average Yield Levels for Alentejo,rRigal, Spain and EC-10
(average 1976/1977)

ltem Alentejo |  Portugal | Spain | EC-10
(100 Kilograms per Hectare)

Cereals 15.6 154 234 50.7
Soft Wheat 17.4 16.5 23.2 55.8
Durum Wheat - 16.6 25.9 26.2
Maize 9.8 24.2 65.3 70.4
Barley 11.1 10.4 19.6 47.9
Rye 6.4 8.3 12.0 39.5
Rice 45.0 46.1 62.3 57.6
Sunflower 6.8 7.1 9.7 22.7
Horticulture - 185.0 207.5 2725
Potatoes 75.3 88.5 176.0 328.0
Tomatoes 274.2 347.5 420.0 496.0
Fruit Trees - 16.0 36.5 106.5
Vineyards 100l/ha - 28.0 24.6 70.7
Table Grapes - 100.0 72.0 164.5
Milk 100kg/cow - 33.9 33.1 44.4

Source: Lourenco, 1988 and INE

Table 2.4 - Farm Structure (number of Farms and)akAlentejo, Portugal and EC-10 (1980)

Farm Size
Classes (Ha.)

Alentejo

Portugal

EC-10

Number (%)| Area (%

Number (%)| Area (%

Number (%)| Area (%

0-4 55.5 2.0 82 15 a7 7

4-20 27.4 6.5 15 17 32 21
20-50 7.8 6.4 2 7 15 30
>50 9.2 85.1 1 51 6 42

Source: Silva (1989b) and INE
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Table 2.5 - Input Use and Average Farm size fonfd, Portugal and the EC

Item Alentejo Portugal EC-10
Nitrogen Kg./Ha. - 34.0 74.0
Phosphorus Kg./Ha. - 18.0 41.0
Potassium Kg./Ha. - 9.0 41.0
Tractors  Number/100 Ha. 0.54 19 4.9
Average Farm Size Ha. 42.3 5.6 13.2

Source: Henriques, 1987 and INE

- not availabl

e

Table 2.6 - Land, Labour and Farm ProductivityPartugal, Spain and EC-12 in 1985

Agricultural Agricultural Agricultural
Item Product/Labour Product/Agricultural Area Product/Farm
ECU per labour unit ECU per hectare ECU per farm
Portugal 3095 1087 4106
Spain 16052 1341 11481
EC-12 19583 2757 19704

Source: EC (1994)

2.3- PORTUGUESE AGRICULTURAL POLICIESAFTER 1986

The official

negotiations which started in 1978 and were comtlubdy 1985, defined the procedures to

Portugal applied for accession to the European mamty in 1977.
integrate the Portuguese economy into a larger raatk developed economic space. For
agriculture a transition period of ten years waeed. There was to be a gradual adoption by
Portugal of the Community price, marketing and éradlicies, as well as structural measures to
correct the deficiencies in the structure and dmgdion of agricultural production, so that
Portugal would be able to operate the full mectmasisf the CAP by 1996.

The adjustments required for agricultural comnieslitvere divided into two types, a
classic and a two-stage transition. The productsided in the classical transition were the ones:
1) produced domestically in which no problems exish adopting the Common Organization of
Markets (COM) rules after 1986, and 2) not produdechestically. For these products, the rules
of the Community's COM were applied, with the exmep of the dispositions agreed in the
Treaty of Accession regarding harmonization of ggjctrade, and national aids. The products
included were sheep and goat meat, oilseeds, sughglucose, olive oil, processed fruits and
vegetables, tobacco, dried fodder, peas, seeltaosihs, flax, cotton, flowers, bee-keeping and

hops.
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The products subject to a transition by stage® wer ones for which significant changes
were needed in marketing practices or institutigmeduction and prices before Portugal could
start operating the CAP mechanisms. The productaded were cereals, pork, milk and milk
products, poultry and eggs, beef and veal, frashdnd vegetables, bananas, pineapples, potatoes
and wine. The first stage that lasted a five ymaiod (1986-1990) was designed to prepare the
production, processing, marketing and trade strastfor the Community rules, while the second
stage was devised to harmonize price levels. Rotdbe first and second stage were defined for
each commodity with respect to production, markgstructure, price harmonization, trade and
national aids. However, the Treaty of Accessiguited at the end of the first stage an analysis
of the specific evolution of each commaodity andeaamination of the main development of CAP
policy during the same period, with the objectifeincorporating into the second stage new
adjustments. As a result, the negotiations thalt lace in 1990 decided to anticipate the price
harmonization for the commaodities subject to trémsiby stages. Later, during the Portuguese
presidency of the Community in 1992, a CAP reforasapproved introducing a new set of rules
mostly regarding the cereal and oilseed sectors. a&konsequence of these reforms and the
beginning of the single European market in 1998w set of arrangements was agreed the main
effect of which was to accelerate the integratibRartuguese agriculture.

With respect to structural measures, EC structRegjulations were implemented after
1986 as well as two specific development programimeBortuguese agriculture. The objectives
of these specific programmes were to improve differaspects of Portuguese production
structures which were not covered by other EC siratRegulations.

2.3.1- ThePeriod 1986-1990

The strategy followed by the Portuguese governimeimplementing the transition rules
for the products subject to transition by stages the creation by the end of 1985 of national
market organizations (NMO) for fresh fruit and viedmes, cereals, milk and milk products, wine,
beef, pork, poultry and eggs. The NMO for eachdpob followed the same structure of the
Community's COM and contained the basic dispositagreed upon in the Treaty of Accession.
The general objectives of the NMO were: to graguhtirmonize the prices of the different
commodities following the rules defined in the Tiyeaf Accession, to introduce the Community
price scheme, to open Portuguese agricultural rgrtee stimulate the development of producer
organizations, to match supply with demand, to e producer organizations for the
management of the different markets, and to ersfmé& income for producers. These objectives
aimed to prepare and gradually adapt Portuguesiigtion, marketing and trade structures to the
ones established in the Community. The rules ddffor each NMO were applied until the end
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of the first stage of the transition period anaw#d the Portuguese government to protect the
domestic market from EC and third country compaatiti

For potatoes, sweet peppers, pineapples and mnadizidual NMOs were also created
to regulate production, marketing and trade. Thieative was to protect the domestic market
from the competition of Community partners for thgeoducts not covered by a COM, and the
NMO were expected to last until 1995.

For each NMO a price system similar to the ComtyuGiOMs was created: a market
indicative price, a border protection price andirgarvention price. All the products that were
covered by the NMO were protected from the EC, 8peaand third country markets by a variable
levy to equate the import price to the internat@riand could benefit from an export refund to
compensate the difference in prices between PdramgbEC and third countries.

During the first stage the Portuguese governmeuntdchave implemented exceptional
measures to protect the products covered by the \M@enever there were extraordinary
reasons, but this mechanism was not used durinfirtihestage. On the contrary in 1990, a law
with the objective of safeguarding the supply ai@dtural markets with good conditions of price
and quality and respecting the transition agreesnavds approved. This law allowed the
government to suspend or alter the application wdntjtative restrictions on imports, the
elimination or reduction of variable levies or athmompensatory taxes, the total or partial
elimination of custom duties on imports and thepsuasion of export refunds. This law was
applied in 1990 to imports of pork, live pigs, mékd milk products, poultry and eggs, table wine
and wine brandy to stabilize market supply andgssiavith the temporary elimination of import
levies, and quantitative restrictions. The reagmisted out by the government in liberalizing the
markets of those products were: to keep contrdherrate of inflation, to regulate market supply
and to benefit consumers with lower incomes.

For each commodity, a set of specific policy measuo be executed during the first
stage was agreed. Some of these policy measurescasmon for all commodities subject to
transition by stages such as the elimination oketarg boards and the creation of an intervention
agency, application of Community quality standarfileg price formation, the definition of
representative markets on which to record and atatfarket prices.

Market liberalization was gradually adopted durithg first stage for the different
agricultural products when the monopolies of theketing agencies were abolished, private
traders were allowed to import and export, anddixearketing margins were abolished. For
cereals, the market liberalization started in 18@6 the entry of private operators in the cereals
trade and the introduction of a production aid twer the difference between the national
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reference and guide prices. For milk, the monopsuinexclusiveness of milk collection and
pasteurization by processing cooperatives was ghgdabolished after 1987 and ended in 1990.
Institutional prices and export refunds were eshbt in accordance with the transition rules,
although for some products they were only set tdwdine end of the first stage. Community
quality standards were not obligatory during thetfstage, but the Community legislation was
approved for all products, representative markegsewdefined and an information agency in
prices and markets was established (Commissioa)99

With respect to the products subject to clasdiealsition, for sheep, goat and sunflower
the prices were harmonized and the COM rules apiglied in 1986. For olive oil and processing
tomatoes, the seven year transition rules werdegh@nd in trade with the Community and third
countries the supplementary trade mechanism (STiM) Accession Compensatory Amounts
(ACAs) were used.

3.3.1.1- STRUCTURAL POLICIES

The structural measures applied in Portugal 4886 were EC Regulations available for
all EC members and two specific agricultural depaient programmes: the programme for the
development of Portuguese agriculture (PEDAP) béisteed under EC Regulation 3828/85, and
the programme to improve the wine-growing structunePortugal under EC Regulation 2239/86.
The objectives of these specific programmes wedtrect the differences between Portuguese
agricultural production structures and those ofeotBC members. Indirectly the agricultural
sector also benefited from the Community integrateeelopment operations (OIDs), later called
operational programmes (OP), which after 1989, whih reform of the structural funds, were
incorporated into the regional development prograsinPPortugal was considered one region and
achieved objective 1 classification, as appliethttse regions with a GDP per capita lower than
75 percent of the Community average. As a redhdtfirst regional development programme was
applied in Portugal between 1989-1993, and thergkbetween 1994-1999.

With respect to the PEDAP program, its initialpe@agreed in 1985 was later enlarged to
cover more regions and areas of intervention bat tdn year period of duration and the
Community financial contribution of 700 million EQlere not modified. PEDAP was composed
of several sub-programmes that cover areas ofviriéon for which the structure of Portuguese
agriculture is inefficient. The main areas of m&ntion are: 1) development of vocational
training, extension and research, 2) improvementhef efficiency of agricultural production
structures through improvement of land structure iafrastructures, 3) production re-orientation
and management of land use, 4) marketing of agmi@ll products and 5) specific sectorial
interventions in olive and forestry production. ek areas of intervention can be divided into two
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groups: those designed to improve farmers' prooinicstructures such as land consolidation,
irrigation capabilities, electrification and samtzontrol, and those addressed to an improvement
in agricultural infrastructures such as agricultdraining centres owned by public institutions,
and incentives to establish private institutionggjcultural schools, agricultural research strugtur
and agricultural production organizations.

Other EC structural Regulations available afte86l@ere the following: EC Regulation
797/85 with the objective of improving the efficagnof agricultural structures, EC Regulation
355/77 with the purpose of improving the conditiafigorocessing and marketing of agricultural
commodities, EC Regulation 1360/86 with the objectof stimulating the development of
producer groups and associations, and EC Regula®é0/78 to encourage the formation of
producer groups in the sector of fruit and vegetabl

After 1986, Community Regulations replaced the DiA® subsidized credit lines as the
main incentive to induce agricultural investmenhsidized interest rates were replaced by capital
grants, and IFADAP was designated the institutiesponsible for the approval of investment
projects, the granting of investment subsidies, arahagement of all financial flows of the
guidance section of FEOGA.

2.3.2-1991 to Present

The negotiations between Portugal and the EC 80 1fhdertaken to analyze the first
stage of the transition period and to revise thesrfor the second stage, resulted in an agreement
that anticipated for the products subject to ttémsiby stages, the harmonization with the
Community rules. As a result of these agreemsnigport prices were harmonized in 1991-1992
with those of the Community with the exception dieat. Temporary production aids were
established for cereals, and trade continue tedpdated by accession compensatory amounts and
the supplementary trade mechanisms.

Later, as a result of CAP reform approved in 1868@ the 1993 European single market,
new arrangements were agreed principally in terfsramle, which further accelerated the
integration of Portuguese commodities. As a camsece of these new agreements, wheat
support prices were harmonized with EC supporegriand for cereals the temporary production
aid agreed in 1990 was extended until 2003 to cosgde Portuguese farmers for income losses
due to price harmonization.

The 1992 CAP reform was based on the Mac Shamwpagsals elaborated in 1991
intended to reform the support arrangements foeater(oilseeds and protein crops), tobacco,
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milk, beef and sheepmeat, together with an Agrilemmental Action Programme and plans for
the afforestation of agricultural land, and to amage early retirement. The key elements of the
1992 CAP reform were a decrease on cereals phiegntroduction of arable area payments, the
obligation of set aside requirements, beef and phemdage payments with their respective
gquotas, maximum stocking rates for beef, and atibak extensification premium. These policy
measures were tested in chapter VI in nine selefaeds of the Alentejo region using a
multiperiod linear programming growth model. Thetlput prices, area and headage payments
used are shown in section 6.7.

The GATT agrement of 1993 and implemented in 1@8btransform variable import
levies and other import barriers in tarifs and witbose constraints on the level of support that
the CAP can provide to its farmers. If as a resUBATT agreement future changes in the CAP
are needed for the EC to comply with it, then il Wé expected that the present level of CAP
support will be reduced and this reduction in suppdl produce further changes on Portuguese
agriculture.

2.3.3- THE EFFECTS ON THE AGRICULTURAL SECTOR OF THE INTEGRATION OF PORTUGAL
INTOTHE EC

As expected, the integration of Portugal into B brought changes to the agricultural
sector in aggregated terms, by products and fodifferent agricultural regions. Several studies
were conducted to predict the impact of the adaptib the CAP on Portuguese agricultural
systems such as the ones undertaken by PearsolezAwentley, Finan, Fox, Josling,
Langworthy, Monke, Tangerman, published in PortgguAgriculture in Transition (1987) in
which the most important farming systems of thenfd@, Ribatejo, Azores and the Northwest
regions were analyzed, the study by Henriques (18Bdut some Northwest farming systems,
and the studies referred to in section 6.2 whditerature review is presented of the studies ef th
impact of the integration of the Alentejan agriaudt into the EC. In general, all these studies
have a common prediction, a reduction in the rettionfarm activities and farm income, which
would condition the future development of Portuguissms putting at risk their survival. In this
section the objective is to make a comparativeyaisabetween the periods 1980-1985, 1986-
1990 and 1991-1993, whenever data is available fraragricultural statistics, for the changes
observed in agricultural prices, product, incorredé¢, investment and labour.

Regarding output prices, between 1985 and 1993udrase agricultural output prices
were harmonized with Community prices. This harization was done in three phases due to
the following factors: 1) the mechanisms agreed auglied for the first stage 2) the new rules
agreed for the second stage of the transition gpdoiothe commodities subject to the transition by
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stages, and 3) the 1992 CAP reform and 1993 Eunopiggle market. Table 2.3 compares
Portuguese and Community institutional output riéer 1985 and 1991 which excludes the
factor 3) of price harmonization. The price diffieces that were still observed in 1991 for
horticultural crops, wheat, rice, butter, milk,vaioil and tomatoes were further reduced until
elimination in 1993.

Table 2.7 - Comparison of Institutional Prices bedw Portugal and the EC
for 1985 and 1990

85/86 90/91

[tem

Portugal EC Portugalf Portugal EC Portugal/E

EC (%) C (%)
(ECU per Tonne)
Oranges - - 77.3 246.4 309.6 79.6
Apple - - 74.8 257.5 320.1 80.4
Pears - - 61.6 188.9 276.5 68.3
Soft Wheat 308.0 179.4 171.6 210.8 174.0 n21
Durum Wheat 354.8 312.1 113.7 243.7 221.8 a09
Barley 277.6 179.4 154.7 165.4 165.4 100.p
Maize 282.6 179.4 157.5 1741 174.1 100.p
Rye 283.7 181.2 156.5 165.4 165.4 100.p
Sorghum 265.7 179.4 148.1 165.4 165.4 1000
Rice 344.2 314.2 109.5 344.6 314.2 109.F
Milk 356.5 274.3 130.0 320.5 268.1 119.5
Butter 3132.0 3132.0 100.0 2839.9 2927.8 97.0
Milk Powder 3317.6 1740.4 190.6 2070.0 1724.3 120.0
Red Winé 24 34 68.7 3.2 3.2 100.0
White Winé 2.2 3.2 67.8 3.2 3.2 100.0
Beef 3041.1 3439.3 88.4 3444.0 3444.0 10040
Pork 2239.8 2033.3 110.2 1897.0 1897.0 1000
Olive Oil 21254 2276.2 93.4 2079.4 2162.4 296.
Sunflower 516.7 573.5 90.1 583.5 583.5 100.p
Tomatoes 57.8 97.2 59.5 77.9 88.9 87.4
Source: Varela (1987) and Commission (1990b)
- not available

- ECU per hectolitre

The evolution of Portuguese agricultural prodymtises during the first stage of the
transition period was defined by a general decrempdces, expressed in real terms, as shown in
Figures 2.1 to 2.4. The exceptions were horticeltpermanent crops and calves that benefited
from price increases in real terms. Between 198b ¥990, agricultural prices decreased 9.0,
livestock products 27.9, while crop products insezh13.6 percentage points as a result of the
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price increases of horticulture and permanent c¢rafiiough all the other crop prices have
decreased. During the same period variable inpcegpdecreased 22.9, while fixed input prices
increased 5.7 percentage points. The data awailabthe second stage show that between 1990
and 1993 total output prices had a further rednaio30.0, crop products 40.4 and livestock 20.7
percentage points. To compensate to a certaimtettte output price reductions, the price of
variable and fixed inputs had further decreasd$df and 15.3 percentage points respectively.

e

-

Fig. 2.1-Output and Input Real Price Indices (19883
Source: INE

Figure 2.2 - Annual Crops Real Price Indices (19883
Source: INE
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Fig. 2.3- Permanent Crops Real Price Indices (1988
Source: INE

Figure 2.4 - Livestock Real Price Indices (19853100
Source: INE
Regarding agricultural product, the period betw&8B80-1992 was characterized by a

decrease in total agricultural product expressedeal prices as shown in Figure 2.5. The
comparison of average values for the periods 198%,11986-1990 and 1991-1992 shows that
total agricultural product decreased 3.0 percettenfirst stage of the transition period, and 18.0
percent in the first two years of the second st&gtween 1986-1990 the decrease in agricultural
product was due to a reduction in the crop prodfigt5 percent (the livestock sector increased
0.2 percent), while during the second stage battoseshowed a decrease of 16 percent and 21.3
percent respectively. Cereals, processing cramsichlture and milk were the sub-sectors that
showed a positive evolution during the first staaye] fresh vegetables and olive oil in 1991-1992.
The proportion of crop and livestock product ttatgroduct did not suffer changes during the
period of analysis and their share in total prodsisimilar. However, as shown in Figure 2.6 by
sub-sectors, vegetables, and milk increased thaies by 3.8 and 3.5 percentage points, while
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wine and meat decreased their shares by 5.6 aq@b&&ntage points respectively.

Figure 2.5 - Real Indices of Total, Crop and LieektOutput (1980=100)
Source: INE

Figure 2.6 - Structure of Agricultural Productionli980-1982 and 1990-1992
Source: INE
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Figure 2.7 -Real Indices of Gross Value Added, &rbxome and Net Value Added per
Agricultural Labour (1980=100)
Source: INE

With respect to income, on average total grossnmecgenerated in agriculture decreased
1.7 percent during the first stage and 19.1 irfitketwo years of the second stage, while the net
value added per total labour unit increased 1.6gmtrduring the first stage and decreased 10.6
percent during the second stage (Figure 2.7). ahineunt of total direct subsidies increased four
times during the first stage and represented orageed percent of the total gross value added.
The importance of direct subsidies that have beemasing since 1986 accounted for 21 percent
of the gross value added generated by agriculiemeden 1991-1992 (INE).

The comparison of agricultural product per labomit, hectare and farm between
Portugal, Spain and the EC for the period 198131898 well as the gap between Portugal and the
EC is shown in Figures 2.8 to 2.10. For labour famch productivity there was not a significant
improvement in the productivity levels of Portugei@griculture when compared with the EC as
can be seen by the increasing absolute gap andaimenance of the ratios Portugal/EC around
16 and 22 per cent respectively. This means kiatount of labour employed and number of
farms are a barrier to improvements in productiléyels, although as seen below during that
period considered there was a substantial reduatidthe amount of labour utilized and in the
number of farms. Land productivity increased fraraund 40 per cent in 1985 to 50 percent of
the EC average after 1990, reaching levels sindléne ones observed in Spain.
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Figure 2.8 - Agricultural Product per Labour Urit Portugal, Spain and the EC
Source: EC (1994) and EC (1995)

Figure 2.9 - Agricultural Product per Hectare fortBgal, Spain and the EC
Source: EC (1994) and EC(1995)

Figure 2.10 - Agricultural Product per Farm for tagal, Spain and the EC
Source: EC (1994) and EC (1995)
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The application of EC Regulations after 1986 wssoeiated with a substantial increase
in agricultural investment. Total agricultural @stment expressed in real terms increased three
times during the period 1986-1991 when comparedh wie period 1980-1985, while agro-
industrial investment increased 5 times. Thesaegkhow that Portuguese farmers responded
very positively to the investment incentives comtai in EC Regulations and to the positive
economic environment observed between 1985 -19906wever, after 1990 total investment
showed a tendency to decrease, possibly refletiimmgeterioration of the economic environment
and the uncertainty resulting from the applicatibithe transition rules negotiated for the second
stage. The majority of the agricultural investméimough Regulation 797 was directed to
machinery and equipment (49.7 per cent), agro-tndbiinvestment through Regulation 355 was
concentrated in the fruits and vegetables, wintk amd livestock sectors that accounted for 86.5
percent of the total, while the investment projefitenced by the PEDAP programme were
mainly directed to electrification and rural roafisestry, irrigation and drainage, and animal
disease control which represented 72.9 percefiteofatal. Joaquim (1994), in a study about the
impact of agricultural investment after 1986, cadeld that during the period 1987-1993 capital
productivity increased 40 percent, which helpedffset partially the reduction in income due to
the negative evolution of agricultural prices.

After 1986, agricultural investment in the Alemteyas on average around 25 per cent of
total investment in agriculture excluding the PEDgtBgramme. The Alentejo contribution was
greater for the Regulation 797 (31.1 per cent)laner for the Regulation 355 (12.7 per cent) and
the wine programme (11.2 percent). The Alentefrestior total investment in machinery and
equipment and livestock was around 38 and 50 par respectively. The composition of the
agricultural investment in Alentejo through Regigiat 797, machinery and equipment was
dominant with 62.7 per cent, greater than the natiaverage of 49.7 per cent, while livestock
and buildings contributed with 13.8 and 12.7 pet cespectively. It is usually pointed out that a
significant proportion of the investments in maehninand equipment were for substitution of old
machinery and equipment. Among livestock, catilebfeef and sheep were dominant with 59.6
and 32.8 per cent respectively.

The amount of total labour in agriculture has beamsistently decreasing during the last
decades. During the period 1980-1985 total adtitall labour decreased 15.1 percent, 10.9 per
cent in the period 86-90, and 8.6 per cent betvi®&1-1993. The labour changes seen between
1980-1985 and 1986-1990 were mainly due to decseesagricultural family labour, while
during the period 1991-1993 labour decrease wasdtmetween family and hired labour. In the
Alentejo region, the total labour engaged in adiica decreased around 17 per cent during 1980-
1985 and around 30 per cent in 1986-1990. It iieved that further reductions in total labour
employed in agriculture have occurred after 199flecting continuing economic trends
reinforced by the agricultural measures appliethan second stage resulting in a tendency for
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extensification of agricultural production in thegion. This is confirmed by the social crisis that
has emerged in certain municipalities with a sigaift proportion of the active population being
unemployed.

The number of farms in Portugal has been decrgasith a substantial reduction in the
last two decades as shown in Table 2.8. Betwe&f &8d 1989 the number of farms decreased
around 30 per cent and between 1989 and 1993 agfupdr cent. This decrease in the number
of farms is essentially concentrated on the smédien size classes (0-1 and 1-5 hectares) while
for the larger farm size classes the number ahdanave increased (20-50 and >50 hectares).
The evolution of the number of farms in Alentejgiom is slightly different as will be shown in
the next chapter.

Table 2.8 - Number of Farms in Portugal in 196&,9,2989 and 1993

Area Number of Farms Percentage Change
Classes

1968 1979 1989 1993 68-79 79-89 89-93
0-1 316440 348386 148467 91720 10.1 -57.4 .2-38
1-5 356100 329150 301182 253328 -7.6 -8.5 .9-15
5-20 116440 86455 78867 78149 -25.8 -8.8 -0.p
20-50 17716 12068 12557 13659 -31.9 4.1 8.8
>50 9233 8485 9050 9287 8.1 6.7 2.6
Total 815929 784544 550123 446143 -3.8 -29.9 -18.9
Source: INE

With respect to trade, entrance into the EC wasaated with an increase in trade with
the other members of the Community (Table 2.10)ananprovement in the Portuguese balance
of trade. There is considerable evidence of trdigdersion. The ratio of total exports over
imports improved between 1980-1985 and 1986-19&€5ipg from 55 to 67.1 percent, while the
agricultural ratio only improved slightly from 40t6 42.2 percent (Tables 2.9). During the period
1980-1990 the contribution of the agricultural defto the total deficit of the trade balance
remained around 22 percent. The total deficit @&s®d on average 5.2 percent between 1980-
1985 and 1986-1990 while the agricultural defiotreased 5.1 percent. The agricultural deficit
increased despite an 11.3 percent increase oLi#igral exports compared to a rise in agricultural
imports of 7.6 percent. Between the periods 19bland 1986-1990 the weight of agricultural
imports and exports in the total has decreasedai2d73.4 percentage points respectively, and
represented during the period 1986-1990 an aveshde.5 percent of total imports and 7.7
percent of total exports.
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Table 2.9 - Evolution of the Ratio Exports/Imports

Period Total Exports/Imports (%) Agriculture Exmshtports (%)
Total | EC | Spain| Other| Totall EC| Spaip  Other
80-85 55.0 81.1 33.6 38.7 40.6 180.4 71.3 .924
86-90 67.1 74.2 53.5 54.5 42.2 68.3 39.3 427

92 61.2 61.5 54.1 57.8 37.2 39.0 35.1 342
Source: INE

Table 2.10 - Evolution of the Share of Imports &xgorts by Origin

Imports Exports
Period

Total Agriculture Total Agriculture
EC | Spmnl Othe EC| Spmh Other E¢ Sphn Other ¢C amsb(th
80-85 38.9 6.3 54.9 104 31 86.5  56.7 3.839.6 451 4.7 50.1
86-90 65.3 129 218 402 115 484 719 510.17.6 614 105 28.1
92 73.8 16.6 9.6 61.7 155 228 75.0 148021 64.7 14.6 20.7
Source: INE

The Community share of total Portuguese importsexports increased from an average
of 38.9 and 56.7 percent in the period 1980-1986%3 and 71.9 percent in the period 1986-
1990 respectively. Trade of agricultural proddotkowed this trend and the Community market
share of imports and exports increased from 10d44&nl percent in 1980-1985 to 40.2 and 61.4
percent in 1986-1990 respectively. Trade diverséson consequence of adoption of the CAP.
This increase in market share was accompanied biaease in the trade deficit with the
Community in both total and agriculture. The radfototal exports over total imports with the
Community decreased from 81.1 percent to 74.2 peradile the agricultural sector that used to
have a surplus before 1986 showed an averagetdafiaiound 30 percent between 1986-1990.
Between 1980-1985 and 1986-1991 imports from thenr@onity increased 326.8 and exports
52.8 percentage points, while trade with the résh® world decreased 29.2 in imports and 22.8
percentage points in exports, indicating that theamce into the Community originated trade
creation and diversion.

The composition of the agricultural trade chanbetiveen 1980-1985 and 1986-1990
(Table 2.11). Regarding imports there was an as@én the share of livestock (13.8 percentage
points) and agricultural processed products (7:/@gmtage points), while crop products that
constitute the main source of imports decreasadghare by 21.8 percentage points, from 66.2 to
44.4 percent. Agricultural exports dominated bycpssed products (around 70 percent of total
exports) showed an increase in the share of ligks(0.9 percent) and crop products (2.5
percent), while oils and processed products deeteds and 5.7 percentage points respectively.
Between 1980-1985 and 1986-1990 there were slightdvements in the deficit trade balances
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of livestock and crop products, while the surplnsoils and processed products was reduced
drastically, explaining to a certain extent theréase in the trade deficit of agriculture. For
livestock both the import and export share incréagaving the trade coverage (exports:imports)
largely unchanged. For crop product the importresttieclined significantly, as did the trade
coverage. For processed products the import shareased and the export share decreased,
worsening the trade coverage.

Table 2.11 - Agriculture Exports/Imports Proportemd Composition of Agricultural Trade

Period Exports/Imports (%) Imports (%) Exports (%)

Livestocleropl Oils |Processed_ivestock| CroplOiIslProcessed_ivestockl CroplOiIsl Processed
80-85 19.8 52 2623 204.2 15.8 6621 15.9 7.5 8.6 132 70.7
86-90 23.9 87 1510 1250 296 4422 238 16.8 9.0 6.9 67.3
92 21.4 11.0 102.1 83.9 31.9 37320 2838 184 111 55 65.0
Source: INE

2.4- SUMMARY

The entrance into the EC in 1986 sets an importark in terms of development of
Portuguese agricultural policies and the agricaltsector. Before 1976, the most important
changes in the agricultural policies occurred vilte creation of a corporate structure that
regulated the agricultural sector from the thirtiggil 1974, the incentives established in the
sixties when the agricultural sector was not ablfollow the development of the other sectors of
the economy, the changes which occurred as a comseg of the revolution of 1974 such as the
abolition of the corporative bodies and the agranaform. The period 1974-1986 was
characterized by the abolition of input subsidied ¢he expectation of entrance into the EC.
After 1986, Portuguese agricultural policies wémgted by the transition agreements until 1990,
and after that period the decision taken to acatdethe integration meant that EC rules were
almost fully applied to Portuguese agriculture.

As a result of the agricultural policies implemahisince the sixties, Portuguese prices
and the profitability of the agricultural activiievere higher than would have been the case in the
absence of the policies as established by Aviliran and Josling (1993). Although the
incentives used to induce modernization of thecatjtiral sector had grown since the sixties, the
gap between Portuguese and EC agriculture wassati$tantial before the entrance into the
Community. A substantial proportion of the actpapulation was still employed in agriculture,
farms were small, yield levels were low, and lahbtamd and farm productivity indices were well
below the Community average.
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The entry into the EC brought significant chanfgesPortugal regarding the agricultural
policies pursued and the political decision-makprgcess. After 1986, the development of
Portuguese agricultural policies was guided bytthasition measures agreed in the Treaty of
Accession in which the common agricultural policiesre gradually adopted. The result was the
dismantling of what remained of the corporativeamigational structure in terms of prices and
markets, an increase in the level of competitimedaby Portuguese agricultural markets and the
adoption of the common structural policy.

The options taken by the Portuguese governmetiiteiri990 negotiations regarding the
second stage of the transition period, the refdith® CAP in 1992, and the implementation of
the 1993 internal market, led to an acceleratiothefintegration of Portuguese agriculture into
the Community. As a result, the price harmonizatie well the market integration of Portuguese
commodities were faster than what was initiallyeggr between Portugal and the Community.

As a result of the integration, the decision-mgkprocess of Portuguese agricultural
policies gradually passed to Brussels and Portiegingsrests considering its specific agricultural
conditions had to be shared and reconciled withotiher European members' interests. The
degree of manoeuvre for the Portuguese governmasisuccessively decreasing as the different
stages of the transition agreements were reached diminished significantly with the
acceleration of the integration of Portuguese atitice decided upon between 1990-1992.

As was expected, the integration of Portugal ihtoCommunity had a significant impact
on several aspects of the agricultural sector siclprices, income, output, trade, labour and
investment.  Agricultural investment increased tadifally after 1986, but this inflow of
resources into the agricultural sector did notegpond to an increase or even maintenance of the
level of overall agricultural output. Farmers warduced to make investment after 1986 due to
the favourable conditions of the EC regulationst ibuappears that they did not have full
information about all the changes that were supgpdseoccur after 1990 in the agricultural
policies and the correspondent impact on the aiaifity of their activities and farms.

After 1986, Portuguese output prices decreaseédaterms, which led to a decrease in
returns to crop and livestock activities, agrictdtiincome, and in labour profitability as well as
greater demands in terms of competitiveness anlatiag penetration. With respect to trade, a
substantial increase in the market share of Poggeylagricultural imports and exports by
Community members and a change in the trade mfaoim an excess to a trade deficit with the
Community was observed. In spite of a substarigalin the investment in agriculture through
the EC Regulations after 1986, increases in yieleels as shown in the next chapter, and
decreases in the number of farms and the agriallifuactive population, land labour and farm
productivity indices when compared with those & @ommunity are still very low and the gap
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between Portugal and the Community average hadimatished since 1986.

Since 1986, the Portuguese agricultural sector b@en going through a period of
structural adjustment in which two of the main bisi consequences are the reduction in the
agriculturally active population and in the numbefdarms. The agricultural policies agreed in
1990-1992 with the Community and that will be apgluntil the beginning of next century will
have the role of accelerating this adjustment, ipliting the activities and farms that are
inefficient and unprofitable.

The capacity of agriculture to adjust to the nemmditions of competition without any
social disruption will depend on the capacity of thther sectors of the economy to absorb the
excess of labour that agriculture will gradually feéeasing. This process will have a relative
higher importance for the rural areas in whichggificant proportion of the active population is
made up of agricultural workers when compared Withareas in which farming is dominated by
self-sufficiency agriculture and in those regionswhich the level of industrialization is very
incipient.

During 1992-1994, the first signs of a social isri; the rural areas occurred with
particular relevance for the Alentejo region. Tiggion is characterized by having a significant
number of the active population involved in thei@agtural sector with a significant weight of
agricultural workers and low levels of industrialimn. The application of the Agreements for the
second stage and the 1992 CAP reform has alreadgda decrease in agricultural activity in the
region and a significant increase in the numbanr@mployed agricultural workers without any
viable alternative job because of the incapacitthefother economic sectors to generate new jobs
and the limitations that these workers have in $epfrage and skills.

The next chapters will be dedicated to charaaetientejan agricultural resources and
farming systems, to analyze the growth of Alentdg@ms in the period 1987-1991, to evaluate
the need to improve the levels of management diuieeicy of Alentejan farmers and to simulate
the effect of the 1992 CAP reform on nine seleétiethtejan farms.
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CHAPTER Il - BASIC CHARACTERISTICSOF ALENTEJAN AGRICULTURE

This chapter examines the basic features of Al@mtagriculture, with the objective of
identifying its main limitations and the constrairdn the process of agricultural development.
First an overview of the importance of the Alemeggonomy in the national context is made and
this is followed by the identification of Alentejo'agricultural resources and production
characteristics as well as a description of th@ngarative changes in the last decade.

3.1- THE ALENTEJO IN THE NATIONAL CONTEXT

The Alentejo region is located in the mid-southPoftugal as can be seen in Map 1.1. It
is one of the seven Portuguese regions, has amhrraund 30 percent of mainland Portugal
(excludes the autonomous regions of Madeira ande&@nd contributes to around 6 percent of
Portuguese total population. This results in apapulation density of about 20, when compared
with the national average of around 107, inhalsta@r square kilometre. The low population
density was the result of the emigration exodusckvhiccurred during the sixties and the
beginning of the seventies, which resulted in a agaphic decline of 26 percent during that
period, while in Portugal the population grew atte of 2 percent. The emigration resulted in
one of the most aged active populations in the trguand its rejunevation will be a long and
difficult process. The percentage of retired pe@acounts for 31.3 percent of the total, while the
percentage of total population aged more than &ésyie 37.9 percent.

In 1986 the Alentejo's contribution to nationalgoyment was around 5.6 percent (Table
3.1). By sectors of activity the primary sectogr{eulture, forestry and fisheries) accounts for
about 10.7 percent, while the secondary (whichuphes minerals extraction) and tertiary sectors
had a very modest share of the total national eynmot at 3.0 and 4.7 percent respectively. The
regional distribution of the active population Hyetdifferent sectors of activity shows that
agriculture still has the largest share with arodédl percent, followed by the tertiary sector with
36.0 percent and by the secondary sector with Peéfent (Table 3.2). The rate of
unemployment of 12 percent in 1986 was very higimdiyonal standards, representing twice the
national average.

Economic activity is modest in national terms. témms of value added the region
represents a national share of around 5.3 peratiile by sectors of activity agriculture shows
the highest contribution with 19.4 percent. In gasst, agriculture was the main activity in the
region. However, during the last decades theatgrand secondary sectors have emerged as the
most important sectors of economic activity witbuard 40.6 and 31.2 percent of regional value
added. Although industry and services emergeteambst important sectors, the agro-industrial
sector contributes 43 percent, and retail and pudtiministration represents more than 70
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percent, of the value added of the secondary atidriesectors respectively. Economic activity
is dominated by very small enterprises (less thamgloyees) which represent 99.1 percent of the
total enterprises of the region.

Regarding labour productivity (value added pet ahiabour), the Alentejo's primary and
secondary sectors show higher levels than the natiaverage, when comparisons are made
within the same sectors, as shown in the last whonins of Table 3.2, but employment in the
tertiary sector is less productive than in the eoonas a whole. The comparison of labour
productivity between the different sectors for Aga, shows that labour productivity on the
primary sector is only around 60 per cent of thgiamal average, and 34 per cent of the value
added per capita in the secondary sector. Nevesten comparison with the primary sector in
Portugal as a whole, that of Alentejo appears telaively prosperous.

Table 3.1 - The Alentejo's Contribution to Portugmi®alue Added and Employment by
Sectors of Activity

Sectors Value added (%) Employment (%)
1980 | 1986 1980 | 1986
Primary 17.1 19.4 10.8 10.7
Secondary 4.0 4.4 3.6 3.0
Tertiary 4.2 3.9 4.5 4.7
Total 5.4 5.3 5.9 5.6

Source: INE (1987)

Table 3.2 - Comparison between Portugal and thatéje by the Sectors of Activity for Value
Added, Employment and Value Added/Employment (3986

Sectors Value added (%) Employment (%) V. A./Labour Unit
Activity
Alentejo | Portugal| Alentejd Portuggl  Alentejq Pogll
Primary 28.2 7.7 46.4 24.1 678.2 375.6
Secondary 31.2 37.5 17.6 32.8 1967.4 13618
Tertiary 40.6 54.8 36.0 43.1 1264.2 1510.8
Total 100 100 100 100 1116.4 1187.8

Source: INE (1987)
! .10° Escudos
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3.2- AGRICULTURAL RESOURCES

The Alentejo region is a rolling plain with an sage altitude between 200 and 250
metres. The climate is typically Mediterraneanrahterized by a prominent hot and dry season
which coincides with summer. The annual rainfalbetween 500 and 800 mm and concentrated
mostly during the period October-March (80 percefithe average annual temperature is around
16 degrees centigrade but with maximum and minirremperatures reaching values greater than
40 and below zero degrees centigrade during SumnueYVinter respectively (Cary, 1985).

The annual distribution of rainfall, with a lack @in at the end of Spring and during
Summer, is a serious limitation in terms of agtio@l production. With the exception of the
irrigated areas, annual crops are of the Wintem8piype (cereals, forages), while permanent
crops are adapted to the Mediterranean conditiaing (trees and vineyards). In irrigated areas
rice, maize, tomatoes and vegetables have beedamiant crops. The principal livestock
activities are cattle, sheep and pig in generacated with dryland farming systems either as a
principal or complementary activity.

3.2.1- Soils Capability, Land Use Patternsand Average Yields

The Alentejo region shows a large diversity of $gies because they originate from a
large variety of rocks. On average, soils are, thiith low levels of organic matter and poor
drainage. Their potential for agricultural prodostcan be judged from Table 3.3, where soils
are divided into 5 land-use classes considerinig shié@ability for cereal production. The firstdw
classes, which account for 20 percent of the toted, are suitable for intensive agriculture, while
class C with 17 percent of the total area showgdtions for intensive cereal production. Soils
belonging to land-use classes D and E (63.2 pgrehiow drastic restrictions for agricultural
production and are mainly recommended for pastudefarestry use. Although only 37 percent
of the soils are recommended for direct agricultusa, agricultural systems based on cereals are
found on 60 percent of Alentejan soils (Sobral edda, 1987). The reasons for this are found in
the Portuguese price policies pursued before I88&red to in the last chapter, regarding cereals
and livestock activities, which made possible dgseaduction in marginal areas.

Table 3.3 - Land Use Classes of Alentejo Soils

Land Use Classes % of Total Land Agricultural Use
A 10.1 Intensive Agriculture
B 9.5 Moderate Intensive Agriculture
C 17.0 Low Intensive Agriculture
D 24.0 Pasture and Forestry
E 39.2 Forestry and Natural Vegetation

Source:Sobral e Marado (1987)
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Land-use patterns are directly related to thecaljural systems practised in the region.

The majority of the agricultural systems are oflang type, although irrigated systems are
present. The dryland agricultural systems aredagerotations in which cereals have been the
dominant economic activity. The duration of théations depends on soil potential. In zones
with the best sails, rotations are short (two t@¢hyears), in which forages and fallow are almost
absent and livestock activities when present arstlynoestricted to sheep as a complementary
activity to cereal production. In zones with psoils, rotations are longer and forages and fallow
have an important role in terms of livestock praug dominated mainly by cattle and sheep
activities.

The irrigated systems are mostly confined to zaviesre public dams were built, which
correspond to 80 percent of total irrigation cafya@nd the total irrigated area accounts for 4.2
percent of agricultural land. However, 43.6 petadthe irrigation capacity has not been used
(Avillez et al., 1988). The reasons underlying dineler use of irrigation capacity are the adoption
of agricultural systems not adjusted to the natowalditions of soil and climate, the expansion of
the irrigation to soils with inadequate charactess inefficient land structure, lack of knowledge
of irrigation technologies by farmers and deficiengation infrastructure (Cary, 1985).

Considering the distribution of crop productiamd forestry, and based on the nineteen
agro-ecological zones defined by Sobral and Ma(a887), Silva (1990) aggregated the nineteen
agroecological zones in ten Alentejan agricultssatems. The agricultural systems defined can
be divided into two groups: six crop systems andg forestry systems as shown in Map 4.1 in
next chapter. Five of the crop systems are lodatéuk interior region of the Alentejo, being four
made up of annual crops and one composed of penmnaraps, while the remaining crop system
is a mono-cultural irrigated system located on ¢bast and based on rice. The forestry crop
systems are located in the coastal region withetteeption of the mountain system, which is
dispersed over the region. These agriculturakgystwill be characterized in more detail in the
next chapter where the agricultural systems tdumiesd are selected.

Land-use patterns in 1979 and 1989 are shownhieTa4, based on the 1979 and 1989
agricultural censuses. In general terms, thereandecrease in the area of fallow land, permanent
crops and forestry. The decrease in fallow hasaen reflected in an increase in annual crops,
indicating that overall the relative importancdarid use in annual crop production has declined.
The area of permanent pastures reported are nettlgircomparable because of changed
definitions in the census forms, but it seems yikbiat marginal lands were taken out from the
production of annual crops and put into permanastyses.
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Table 3.4 - Comparison of Land-Use Patterns Betvi®a1® and 1989 in the Alentejo Region

Activities | 1979 (Ha) | 1989 (Ha.) | % Change
Permanent Crops 176255 169037 -4.1
Permanent Pastures 35150 392060 1015.4
Annual Crops 593929 660920 11.3
Fallow 867874 669399 -22.9
Forestry 737208 576365 -21.8
Permanent Crops
Fresh Fruits 7080 8835 24.8
Dried Fruits 900 1886 109.6
Vineyards 12343 12790 3.6
Olive Trees 154698 144957 -6.3
Annual Crops
Cereals 479627 424335 -11.5
Legumes (Grain) 29120 6215 -78.7
Processing Crops 40160 63592 58.3
Annual Forages 59679 127413 1135
Temporary Pastures 39059 28544 -26.9
Fresh Vegetables 18243 12846 -29.6

Source: INE (1979) and INE (1989)

1 the values of 1979 and 1989 are not directlymamable because of changed definitions

Regarding annual crops, the significant increasethe area of annual forages and
processing crops indicates that farmers have coiasetl the use of annual forages and sunflower
in their rotations. Sunflower, accounting for arduB0 percent of the area of processing crops,
has been increasing steadily in the last two dexzadBowing that its profitability and
competitiveness has an important role in the ptesed future development of some Alentejan
farming systems. The area of cereals decreas&diicent mainly due to a decrease in the area
of rye and oats, while the area of wheat, accogntor around half of the area of cereals,
decreased slightly (2 percent).

When annual data (not reported here) is used dtysn changes in the area of winter
cereals during the last two decades, one can atmthat a structural break occurred between the
period 1976-1977. Wheat was the cereal that danad most to the substantial reduction seen,
while the area of summer cereals showed a strudireak during the period 1982-1983.

Between the two census dates, the area of fragttalde crops decreased 29.6 percent,
and this could be partially associated with thereege in the number of very small farms. The
area of permanent crops is occupied mainly by direes (85.7% percent) and the decrease
observed was due to reductions in the area of ¢tees and figs as a result of taking out of
production old plantations and marginal areas afséhactivities. The area decrease was
compensated to a certain extent by increases @r#zeof apples, peaches, citrus and dried fruits.
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With respect to irrigated activities, rice, tomegp corn and horticulture crops are the
most important. Rice occupies around 48.3 peroétite irrigated area and is cultivated as a
mono-rotational activity. During the last decallere has been a tendency for a decrease in the
area of tomatoes and slight increases in the dreanamer cereals, but they have never reached
the levels observed before 1983. After 1983, tea af maize has increased, while the area of
rice showed significant inter-annual variations ethiare principally associated with water
availability (Avillez, 1988).

Regarding crop yields in Alentejo region, Figu®& to 3.3 show the average yields
between 1970 and 1990 for wheat, barley, sunfloweize, rice and tomatoes. The values
reported are three year moving averages to redeceffects of annual weather variations and
other random factors. For wheat, barley, rice zmaind tomatoes there was a downward trend in
yield levels between the mid seventies and beginafrthe eighties and after that period yields
have been with an upward trend. For rice theameewield levels have been with an upward
trend, while for sunflower average yield have notven an obvious trend mainly as a result of
weather variations.

TONNES PER HECTARE
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‘ —mm— WHEAT —=— BARLEY —+— SUNFLOWER ‘

Figure 3.1 - Average Yields Between 1970 and 1982\fheat, Barley and Sunflower
Source: INE
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Figure 3.3 - Average Yield Between 1970 and 1992 tomatoes
Source: INE

3.2.2- Farm Structure

The Alentejan farm structure has experienced amadgring the last two decades, due to
the agrarian reform that took place in the regiarind) the middle seventies as noted in the last
chapter, while during the eighties most of the landupied and nationalized was returned to the
old landlords. The effect of these changes on femcture was an increase in the number of
farms belonging to the larger farm size classewd®t 1979 and 1989. The medium (50-200
hectares) farms increased 16 percent and the dexge (> 200 hectares) 31 percent (Table 3.5).
The reason underlying those increases are bastwk dact that: 1) the farms that were occupied
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in the seventies to create the agricultural pradoatooperatives were in general the larger ones,
and in many cases agricultural production cooparativere the result of merging one or more of
the occupied farms and 2) in some situations thedathat were returned to the previous

landlords during the eighties were divided amorgtthirs either because of family reasons or to
maximize in legal terms the return of the occupat. Thus, average farm size in the > 200
hectares category fell from 814 hectares in 19722ibhectares in 1989.

Table 3.5 - Number and Area of Farms, and Pergertdhanges by Farm Size Classes between
1979 and 1989

Farm 1979 1989 % Change 79-89
Size
Class Ha.

Number | % | Area | % Numbe} %| Are4 %) Numb|er Arpa
<1 11643 23.2 6436 0.3 6147 131 5800 0.3 47 0 {1
1-50 33497 66.9 233008 11.0 34863 74.1 328350 16.4 4 41
50-200 3145 6.3 400085 18.9 3651 7.8 415442 20.7 16 4
>200 1816 3.6 147757069.8 2388 5.1 125768362.7 31 -15
Total 50101 100 2117099 100 47049 100 2007275 100 -6 -5

Source: INE (1979) and INE (1989)

The number of farms in the small (1-50 Ha.) faipe €lass also increased 4 percent, and
the total area farmed by these farms by 41 perdeitt.believed that in part the factors referred
above contributed to this change, but also the Bisttibution schemes implemented by the
government, principally in irrigated zones, wer@ariant. Regarding the very small farms ( < 1
hectare), the number was reduced almost fifty peresd two reasons could explain this
outcome. First the methodology used in the adticall censuses of 1979 and 1989 was different
regarding the minimum area considered for the eegliand second it is believed that many of
these small economic units were naturally abanddmeeduse of financial reasons. In overall
terms, the number of farms fell by 6 per cent betw#379 and 1989 and recent data (INE, 1995)
that is displayed in Table 3.6 shows that a furtieeluction of 20.3 per cent occurred between
1989 and 1993, with the vast majority of the fathat disappeared (98.7 per cent) being smaller
than 50 hectares.

Table 3.6 - Number and Area of Farms, and Percentdgnge between 1989 and 1993

Farm Size 1989 1993 % Change 89-93
Classes

Number |  Area Number| Area Numbelr Areg
0 -1 Hectares 6147 5800 5026 7587 -18.2 30(8
1-50 Hectares 34863 328350 26553 276338 -23.8 -15.8
>50 Hectares 6039 1673125 5911 1605247 2.1 d -4
Total 47049 2007275 37490 1889172 -20.3 5.9

Source: INE (1989) and INE (1995)
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In 1989, average farm size in the Alentejo wag 4fctares and the number of farms
with two or less plots accounted for 77.8 percdnthe number and 61.5 percent of the area,
which indicates a low level of farm dispersion. eTdistribution of the number of farms and their
size by the different farm size classes in the t&enregion is skewed towards small farms and
large farms respectively. Small farms (less th@rhéctares) accounted for 87.2 percent of the
number of farms and used 16.7 percent of the lahide large farms accounted for 5.1 percent of
the number and used most of the land (62.7 percent)

The land policies implemented in the region durihg last two decades has had an
impact not only on the number of farms but alsolaowd ownership and types of agricultural
producers. The percentage of land rented has atmaefrom 58.5 to 35.7 percent, while the
percentage of land owned has increased propotyo(iBhble 3.7). In absolute terms these
changes correspond to a decrease of 49.4 and rmasecof 28.7 percent in the area rented and
owned, respectively. By farm size, small and Idegens own the majority of their land, while for
medium sized farms land owned and rented is reptesdén almost equal proportions. Short term
land renting is irrelevant since 94.3 percent ofed land is under long term agreements.

Table 3.7 - Area Owned and Rented in 1979, 198%aritarm Size Classes

Owned Rented
Year
Area % Area %
1979 853006 415 1204468 58.5
1989 1097677 64.3 609021 35.7
% Change 28.7 -49.4
By Farm Size Classes (Ha.) - 1989

0-50 184504 70.3 78108 29.7
50-200 187976 51.8 175245 48.2
>200 725197 67.1 355668 32.9

Source: INE (1979) and INE (1989)

Agricultural producers have been classified fa #gricultural census in different types:
autonomous producers, entrepreneurial produceopetatives and corporations. Autonomous
producers are typified by using mainly family labdn their farm operations, entrepreneurial
producers are characterized by employing pringipaited labour, while cooperatives and
corporations are defined in accordance with theeggdiaws for cooperatives and corporations.
Regarding changes observed in the type of agriallfwoducers, the first effect of the changes in
the land policies in the region was the reductiothe number of agricultural cooperatives from
427 in 1979 to 139 in 1989. Agricultural cooperasi were not important in terms of the number
of total farms but only in terms of agriculturahthutilized. As a result the percentage of land
held by cooperatives was reduced from 39.1 in 16786 percent in 1989 (Table 3.8). During
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the same period the number of entrepreneurial pmydudecreased, while the number of
autonomous producers and corporations increasée. tofal area controlled by entrepreneurial
producers increased by 15 percentage points. Antons producers are concentrated in small
and medium farm size classes, while entreprenezomorations and cooperatives belong
principally to the large farm size class.

Table 3.8 - Percentage of Number of Farms and Byaae Different Types of Agricultural
Producers in 1979, 1989 and by Farm Size Classes

Year Autonomous Entrepreneur Corporations Coopesti Others
Number Area Number  Area Number ArepNumber Area Number Areg

1979 87.0 26.8 9.9 244 21 5.4 0.9 39.1 0.24.3

1989 89.4 37.2 7.7 395 23 135 04 8.6 02.21

Farm Size Classes (Ha.) - 1989

0-50 949 90.8 3.5 7.1 15 1.9 0.0 0.1 01.20
50-200 71.7 679 24.0 275 36 4.0 0.4 0.4 0.20.2
>200 234 149 55.2 50.9 .614 19.3 5.9 13.2 08 1.8

Source: INE (1979) and INE (1989)

3.2.3 - Labour Characteristics

The most important labour features of Alentejandprcers did not undergo substantial
changes during the last decade. The comparistreafata reported in the agricultural census of
1979 and 1989 shows with respect to age and edadatiels that agricultural producers remain
an aged population and still exhibit low levelsedfication. The number of farmers more than 40
years of age was maintained (around 90 %) almoshanged (Table 3.9). However, the
Alentejo's farmers got older since the percentdgarmers more than 65 percent years of age
increased from 27.7 to 33.2. Agriculture was noleao recruit young farmers since their
percentage remained almost equal between 19799881 IThe age structure between male and
female farmers is very similar but for farmers mtinan 40 years of age female agricultural
producers are slightly older than their male coynatds because of the higher longevity of the
female population. It is relevant to note thatwmetn 1979 and 1989 the number of female
producers increased 36.3 percent in the regionramehdays account for 11.0 percent of all
producers. Although smaller, this change is simitathe one observed in other Portuguese
regions and can be generalized to other categofitamily labour and the agriculturally active
population. The main cause for this phenomenonthesmigration of the male population to
dynamic economic centres, while the female pomrdattayed in the countryside because of
family and economic reasons.
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Table 3.9 - Percentage of Farmers By Age Classi:Sar

1989
Age Classes 1979 1989
Men Women
<25 0.9 0.9 1 1
25-39 9.3 9.8 10 10
40 - 64 62.1 56.1 57 50
> 65 27.7 33.2 33 39

Source: INE (1979) and INE (1989)

Regarding education levels, a reduction of 14 gréaege points in the numbers of
illiterate and 'able to read and to write' prodaagas observed (Table 3.10), while the producers
with secondary and higher education doubled ingreage, but their representation is still very
low (6.7 per cent). There is no significant diffiece between male and female producers, and by
age classes the structure of the education levgls one would expect. The illiterate and 'able to
read and to write' producers are concentratedeimlidier age classes, while the younger age class
are dominated by producers with elementary edutatiohis means that the majority of new
farmers have only the minimum obligatory levelgdfication.

Table 3.10 - Percentage of Farmers by Levels ot&ion in 1979, 1989, by Sex and Age

Classes
Year lliterate Able to Read and tq Elementary Secondary Superior
Write

1979 37.2 27.0 32.2 24 1.2

1989 30.6 195 43.2 4.7 2.0
By Sex - 1989

Men 30.0 19.3 44.3 4.4 2.0

Women 35.2 20.3 34.9 7.4 2.2

By Age Classes - 1989

<25 1.0 2.8 69.2 24.9 21

25-39 1.6 4.7 70.6 18.5 4.7

40-64 25.1 19.0 49.9 3.9 21

> 65 49.2 25.1 23.2 14 1.1

Source: INE (1979) and INE (1989)

Both the age structure and education levels disdlashow that in general terms they
could be a limitation not only in terms of farmecsipabilities to adapt to new economic
environments and to introduce innovations, but afsaheir ability to improve their own
management skills either through professional iingior other processes. The number of farmers
with a complete professional training course isasimnsignificant (1 percent) and this outlook
does not suffer significant changes when analygddnm size classes (Table 3.11).
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Table 3.11 - Professional Training by Farm Sizes€dg and Total - 1989
(Number of Farmers in Percentage)

Farm Size Classes (Ha.) | Without Elementary| Complet¢
0-50 99 1 0
50 - 200 92 6 3
> 200 84 7 9
Total 98 1 1

Source: INE (1989)

Regarding the time spent working on the farm, dbmparison of 1979 and 1989 data
shows that in general terms the time spent farmasydecreased. Regarding farmers spending
less than 50 percent of their time farming, theircgntage increased 9 percentage points, while
the percentage of full-time farmers decreased I2epéage points (Table 3.12). In 1989 the
majority of farmers belonging to the small farmesizass dedicated less than 50 percent of their
time to working on the farm (67 percent), whilghe medium and large farms size classes almost
50 percent of farmers were full-time. These reseduld be an indication that the percentage of
part-time farming is increasing in the region. Hwoer, the percentage of producers with another
earning activity decreased from 50 percent in 18¥39 percent in 1989. The substantial
decrease in the number of farms less than 1 hectaslel to a certain extent explain these
contradictory results. Producers with an earniogvidy outside the farm are principally
employed in the tertiary sector, while agricultamed industry accounts for 32 and 20 percent
respectively.

Table 3.12 - Time Spent on Farm in 1979, 1989 gnéarym Size Classes
(Number of Farmers in Percentage)

Time Spent on Farm (% of Full Time)
Year
0-50 50 - 100 | Full Time
1979 53 20 27
1989 62 24 15
By Farm Size Classes (Ha.) - 1989

0-50 67 23 10

50 - 200 23 32 45
> 200 25 27 48

Source: INE (1979) and INE (1989)

With respect to hired labour, Table 3.13 summarite main changes that occurred
between 1979 and 1989 concerning hired permanehtteanporary jobs in agriculture. The
Alentejo's hired labour is dominated by males (8fcent) in permanent jobs and by females (65
percent) in temporary jobs. During the period pélgsis the number of permanent workers
increased 1.8 percent, while the number of labtamdard units of temporary jobs decreased 11
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percent. In both cases the female population@yegdlin agriculture decreased, by 0.4 percent in
permanent jobs and 12 percent in temporary jobs.

Table 3.13 - Characteristics of Hired Labour

Item % Change betwes Item % Change Betweqd Farms with Hired Permanent Labdur
1989 and 1979 1989 and 1979 (1989)
Farm Size Classesl % of farms
Hired Permanent Labour Hired Temporary Labour - 50 Ha. 23
Number of Farms -0.3 Men -8 51 - 200 Ha. 29
Men 2.4 Women -12 > 201 Ha. 48
Women -0.4 Total -11 % of Total Farms with
Permanent Labour
Total 18 8

Source: INE (1979) and INE (1989)

The population of permanent workers is youngen ttiee population of the Alentejo
farmers. The percentage of permanent workersledéthand more than 45 years of age accounts
for 44 percent and 56 percent respectively. Dutirggperiod of analysis the number of farms
with permanent workers remained almost unchandge8d percent), accounting for 8 percent of
total farms in the region, and around half of thesms belong to the larger farm size class.

3.2.4- Capital

Alentejan agriculture accounts for around 16 paroef the total capital stock of
Portuguese agriculture (Table 3.14), while by edpilasses the contributions are higher than the
average for plantations and livestock capital &ithand 21.1 percent respectively. The capital
structure of Alentejan agriculture is similar t@ttobserved in Portugal and is dominated by land
with around 62 percent of the total, while livest@nd buildings have the smaller share with 5.7
and 7.0 per cent respectively.

The capital structure by the different capitalssles shows that the contribution of the
Alentejo to total Portuguese capital is around éEcent regarding forestry and sheep, while in
terms of irrigated land, and agro-industrial buigf and equipment, its contribution is very
modest, representing less than 5 percent (Talb#g.3The structure of land capital in the Alentejo
is dominated by dryland in the land class; plaotets capital is almost equally distributed
between permanent crops and forestry, while machimed cattle represent the majority of the
capital in the machinery and equipment, and lidstdasses, respectively. With respect to
capital output and labour ratios, there is no diffice between the Portuguese and the Alentejo
capital output ratio, while the Alentejo capitabdaur ratio is around 44 per cent higher than the
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Portuguese average, meaning that Alentejan agrieuls more capital intensive. when compared
with Portuguese agriculture.

Table 3.14 -Percentage of Alentejan Agriculturapi@a in Portugal and Capital Structure of
Alentejan Agriculture in 1980

Percentage in Total
Capital Classes Alentejo/
Portugal (%)
Alentejo Portugal
Land, Plantations and Buildings 15.3 86.9 87.9
Land 14.8 61.6 64.3
Plantations 23.0 18.3 12.3
Buildings 9.6 7.0 11.2
Machinery, Equipment and Livestock 16.7 131 112.
Machinery and Equipment 144 7.4 7.9
Livestock 211 5.7 4.2
Total Capital 155 100.0 100.0

Source: Rolo and Cordovil (1988)

Table 3.15 - Capital Structure of Alentejan Agricué by Capital Classes and its Percentage in
Portugal in 1980

Capital Alentejo/ % in Capital Capital Alentejo/ % in Capital
Classes Portugal (%) Class Classes Portugal (%) Class
Land Machinery and Equipment
Dry Land 25.3 89.0 Machinery 175 74.8
Irrigated Land 3.4 11.0 Equipment 11.8 21.6
Plantations Agro-Industry 4.4 3.6
Permanent Crops 16.6 55.8 Livestock
Forestry 44.1 44.2 Cattle 20.0 62.7
Buildings Sheep 44.9 23.9
Livestock 16.1 26.9 Pigs 16.5 8.5
Agro-Industry 1.0 0.7 Other 8.9 5.0
Others 9.1 724

Source: Rolo and Cordovil (1988)

The lack of data on the evolution of the levetapital of Alentejan farms does not allow
a rigorous analysis. The data available was lonitethe area of permanent crops in terms of
fixed assets and to stock numbers of machineryegngment, and livestock numbers regarding
intermediate assets. Based on the area of pertero@s shown in section 3.2, one can say that
no significant changes occurred in terms of thiegary of capital while for intermediate assets
the levels of capital of Alentejan farms increabetiveen 1979 and 1989.

Regarding machinery and equipment, there was stasuial increase in the number of
tractors, forage combine, mowing and cereal consdiedween 1979 and 1989 (Table 3.16) and it
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is believed that the clarification of land ownepsproblems during the eighties, the development
of the agricultural financing scheme (SIFAP) latabstituted by the application of EC structural
regulations, and a stable economic environment 4885 were the main factors responsible for
this positive change. As mentioned in the lasptdra more than 60 per cent of the investments
made in the region under the EC Regulation 797/8Eevior machinery and equipment, while
13.8 per cent were for livestock and 12.7 for bodd. The distribution of machinery and
equipment by farm size shows that specific equign®emainly concentrated in large farms,
while the absolute number of tractors is more cotmaged in small farms. However, analysing
the number of farms that own tractors one concltitaslarge farms have their own tractor power
and this percentage decreases to 36.4 and 17.9ndédium and small farms respectively,
suggesting that for these farms, machinery andpewgrnt hiring has an important role in their
production structure.

Table 3.16 - Changes in Machinery and Equipmentéen 1979 and 1989 and Distribution by
Farm Size Classes

Iltem Tractor Rotovator Forage Mowing Cereal
Harvester Harvester
% Change Between 1979 & 1989 53.4 234.6 64.0 8 42. 18.8
By Farm Size (ha.) - 1989
0-50 49.1 83.3 13.8 21.6 16.5
50 - 200 12.6 8.4 215 26.5 27.2
> 200 38.4 8.2 64.6 51.9 56.3

Source: INE (1979) and INE (1989)

With respect to livestock, the number of the mogiortant livestock categories (cattle
and sheep) increased in the region by 11 and S@perespectively, while the number of heads
and farms of goats and pigs decreased (Table 3TI¥.reasons underlying the increase in cattle
and sheep were due to a relative increase in pheiitability when compared with cereals in the
late eighties, the positive investment environnwbgerved after 1985 and specific to sheep and
goats, the compensatory amounts that started paideafter 1986. The decrease in goats and pig
heads were due mostly due to sanitary problemslfagehese activities, principally the Malta
and African swine fever respectively. During tlaeng period a reduction in the number of cattle
farms was observed due to a decrease in the nwhbairy cows (-37.4 per cent) and the end of
cattle activities based on intensive feeding sclsewleich led to specialized cattle activities in
more extensive production schemes based on forage.
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Table 3.17 - Changes in Livestock Numbers and Faehseen 1979 and 1989 and
Distribution by Farm Size Classes

Cattle Sheep Goats Pigs
Item
Number Number Number Number
Farms | Heads| Farm{s Headls Farins Hepds F+rms Heads
% Change between 79 and 89 -28 11 37 50 37 9 -1 -36 -8
By Farm Size Classes (Ha.) - 1989
0-50 70 20 74 27 79 33 84 48
50-200 16 19 14 21 13 26 10 17
>200 14 61 11 52 8 41 6 35

Source: INE (1979) and INE (1989

3.3- AGRICULTURAL PrRODUCT

3.3.1 - Product Structure

The Alentejo represents around 17 percent of timu@uese agricultural GDP (Table
3.18) and its contribution by sector of activitygeater for the forestry sector with around one
fourth and followed by the livestock sector with.8®er cent. The importance of the forestry
sector is mainly due to cork production, that repres around 58 percent of the Alentejo forestry
GDP (Table 3.18).

The Alentejan agricultural GDP structure by sextmiractivity is very similar to the one
observed in Portugal. The crop sector represents than half of the total agricultural GDP,
while the livestock and forestry sectors have simtbntributions: 22.3 and 24.9 for the Alentejo
and 19.9 and 16.9 for Portugal respectively. The of irrigated activities in total product is yer
high when compared with the area it occupies. iffigated agricultural GDP contributed 19.3
percent of the total and it is on average 5.2 tithesagricultural GDP observed in dryland areas
(Avillez et al., 1988).

By sub-sectors of activity and regarding the cseptor, cereals are predominant with
31.4 percent in which the contribution of wheatl%4 percent. As expected olive oil has a
significant weight in the crop sector with around dercent and is followed by vegetable crops
with 15.2 percent, while fresh fruits and wine hasienilar contributions: 11.7 and 10.8
respectively. The livestock sector is dominatedhégf and sheep products with 64 percent, while
milk and pork have individual contributions aroub? percent. In the forestry sector, cork and
wood for the cellulose industry are the significardducts.
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Table 3.18 - Contribution of Alentejo to Nationagicultural GDP and Agricultural GDP

structure (Average 1979-80-81)

Alentejo/ Agricultural GDP Structure
Sector Portugal (%)
Alentejo (%) | Portugal (%)
Crop 14.0 52.8 63.2
Livestock 18.8 22.3 19.9
Forestry 24.8 24.9 16.9
Total 16.8 100.0 100.0
Source: Cordovil and Rolo (1987)
Table 3.19 - Alentejo Agricultural GDP by Sub-Sestof Activity
(Average 1979-80-81)
Crop (%) Livestock | (%) Forestry | (%)
Cereals 314 Beef 34.9 Cellulose Industry 37.6
Horticulture 15.2 Milk 125 Cork 57.7
Fresh Fruits 11.7 Sheep 29.1 Others 4.7
Wine 10.8 Goat 4.1 Total 100.0
Olive Qll 17.0 Pork 11.8
Others 13.9 Others 7.7
Total 100.0 Total 100.0

Source: Cordovil and Rolo (1987)

The distribution of the Alentejan agricultural GDf area classes shows that production

is dominated by small and large farms that accéemnB85 percent of the total product, while

medium represent around 15 percent. This structumaintained for all sectors of activity with

the exception of the forestry sector. In this getlte weight of small farms is very small, around

8 percent, while large farms have the larger shéte77.7 percent. The importance of small and

medium farms can be seen by their contributionrdDiP, 46.3 per cent of total and 51.7 per cent

if forest activities are excluded.

Table 3.20 - Alentejo Agricultural GDP Structure Agea Class
(Average 1979-80-81)

Farm Size Crop Livestock Forestry Total Total Without
Classes (%) (%) (%) (%) Forestry (%)
0-50 Ha. 39.2 26.1 8.0 31.3 35.5
50-200 Ha. 15.7 13.8 14.3 15.0 15.2
> 200 Ha. 45.1 60.1 77.7 53.9 49.4

Source: Cordovil and Rolo (1987)

The importance of irrigated activities in the agtiural product generated by small farms
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is shown in Table 3.21. Interms of irrigated afeege and very large farms represent around 57
percent of the region's total irrigated land, the tontribution of irrigation activities to their
agricultural product is small because dryland fagréystems are still dominant for the farms in
those farm size classes. On the contrary, irngadictivities have an important role in the product
generated by small farms, although they only accfaur22.2 percent of the total irrigated land.

Table 3.21 - Irrigated Land and Crop Irrigated Ricichy Farm Size Class

Farm Size Irrigated Land Irrigated Product in Crop Product
Classes (% of Total) (% of Total)

0 - 50 Ha. 22.2 26.6

50 - 200 Ha. 21.3 6.1

200 - 500 Ha. 8.5 3.9

> 500 Ha. 48.0 2.9

Source: Adapted from Avillez et al. (1988)

Although the analysis made in this section usedlage data for the period 1979-80-81, it
is believed that significant changes did not odnuthe end of the eighties regarding the product
structure of the crop sector because, as seernciorséwo, land-use patterns and production
structure of the most important crop activities wasntained fairly constant. With respect to the
livestock sector, it is believed that the imporeamé beef and sheep production increased as a
result of the increase in their numbers, whileithportance of pork, goats and milk production
decreased. The cork disease that appeared ingthtees, causing the death of many cork trees,
could have contributed to a decrease in corkgivelanportance in the forestry sub-sector, and if
specific measures are not taken to tackle thisadesethe future of cork production in the region
could be seriously affected.

3.3.2- Marketing

Self-consumption does not have a significant mléhe production characteristics of
Alentejo farmers. Farmers that only produce féfr@@nsumption represent more than 25 percent
only for maize, fresh vegetables, olives, wine knaihd pig producers (Table 3.22). Regarding
farmers that sell their agricultural productionoilgh market channels, the majority of them (more
than 60 percent) sell more than 75 percent of #ggicultural production.

The data available from the 1989 agricultural asnsvhich excludes cereals, shows that
the market channels of the agricultural produatsséii dominated by the middle salesman both in
the crop and livestock sector. The exceptionsfragh fruits and vegetables, olives, wine and
milk and cereals. Fresh fruits and vegetables raagnly marketed directly to processing
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enterprises in the case of processing crops dritgofarmers through direct sales in the case of
fresh products. Cooperatives, established dufirgg fifties and sixties still have the larger
marketing share for olive oil, wine and milk. Caleeare a special case because until 1990 the
public marketing enterprise for cereals EPAC doteidalmost entirely the cereals market. This
situation changed during the first stage of thea€€ession when the mill and feedstuffs industries
were granted access to the cereal market on ahlsagis.

Table 3.22 - The Importance of Self-Consumptionrbdting, and Marketing Channels for
Different Products - 1989

% of Farms that Farms Marketing Agricultural Products
Products only Produce for
Self
Consumption
% of Farms that Marketing Channels
Sell more than
75 Percent
Direct Middle Cooperatives Industry
Sales Salesman
Corn 40 61 20 50 24 5
Fresh Fruits 28 60 45 54 0 0
Vegetables
Processing 0 98 2 5 29 64
Vegetables
Dried Fruits 23 89 20 79 1 0
Table Olives 18 92 4 74 19 3
Olive Ol 27 91 1 34 55 10
Wine 41 93 4 23 64
Cattle 13 90 4 92 1 2
Sheep/Goats 20 75 13 86 1 1
Pork 55 76 22 76 0 2
Milk 83 83 21 23 50 6

Source: INE (1989)

3.4- SUMMARY

The Alentejo region represents a small share ofugese economic activity, but in
terms of national averages agriculture is the Ad@m economic sector that shows the highest
contribution in terms of national employment andremic activity. The productivity (value
added per labour unit) of Alentejan agriculturdigher than the Portuguese agricultural sector as

a whole, while the productivity of Alentejan agiicue is still around two thirds of the regional
average.

In terms of area farmed, Alentejan agriculturenainly of dryland type. Land shows
significant limitations for intensive crop prodwmii Farms have on average a reasonable
dimension, farmers are elderly with low levels diieation and professional training, cereal, beef
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and sheep activities have been the dominant aesvih the crop and livestock sectors
respectively, and agricultural products are mastyd for the market. Although the area of
irrigated activities (rice, tomatoes, maize andiboltural crops) only accounts for around 4.2 of
total agricultural land these crop activities hameimportant contribution for total product of the
smaller farms (less than 200 hectares).

Between 1979 and 1989, Alentejan agriculture chdngrincipally in terms of farm
structure due to the process of agrarian refornchvhésulted on increase in the number of farms
in the medium and large farm size classes, althdlughotal number of farms have decreased 6
per cent. The last data available shows thatthdu®0 per cent reduction in the number of farms
was observed between 1989 and 1993, mostly irathe ize class lower than 50 hectares.

The capital structure improved during the last adec regarding machinery and
equipment, which could be an indication for labsubstitution, since the number of hired
temporary jobs has decreased. Regarding livestibiek,number of sheep and cattle units
increased while the number of pigs, goats and cailks decreased. The production structure was
maintained without significant changes with respgedhe crop sector, while the livestock sector
showed a tendency for an increase in sheep and aaetivities, principally after the mid-eighties.
Between the end of the seventies and beginninlgeokighties average yield levels for the most
important crop activities showed a downward trevitile afterwards yields start to rise again.

After this general analysis of the changes in Athentejo agricultural resources and
production characteristics during the eighties, rib&t chapter will look at the Alentejo region
from the view point of its agricultural systems tike into consideration the differences in
production potential and crop and livestock adggsithat are found in its different zones.
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CHAPTER 1V - CHARACTERISTICS AND GROWTH OF ALENTEJAN FARMING
SYSTEMS

The objectives of this chapter was to charactettiee Alentejo farming systems, to
identify the recent changes that have occurreddrfdur farming systems selected and to evaluate
the growth of some variables considered importanfaem level. The identification and
characterization of Alentejo agricultural systemaswbased on previous studies about Alentejo
agro-ecological zones and on a sample of the Fatoounting System (RICA) implemented by
the Ministry of Agriculture for 1988. A panel datailt for 1987-1991 was used to analyze the
recent changes in the four farming systems seleddied) a set of selected farm indicators, while
the analysis of the growth of some farm variablas vased on a covariance growth model.

4.1 - ALENTEJAN FARMING SYSTEMS

The Alentejo region comprises an area of 2,69684hAnd hectares, which corresponds to
about one third of the total area of Portugal. Hientejo shows a diversity in ecological
conditions basically due to differences in topobsagsoil types, climate and natural vegetation.
Based on these characteristics, Sobral and Mafk@R¥) divided the region into nineteen agro-
ecological zones. The farming systems practiseshéh agro-ecological zone show differences
and similarities essentially in the potential ofil dor agricultural production. Taking into
consideration the similarities among farming systgmactised in each agro-ecological zone and
their soil potential, Silva (1990) aggregated tleeteen agro-ecological zones into ten larger
homogeneous zones. Each of these zones represeaigricultural system that show similar
production potential and activities between farms.

Map 4.1 shows the ten different agricultural systeof the Alentejo and Table 4.1
summarizes the main land use types observed in agiGbultural system. The agricultural
systems could be divided into two groups. The firsup is composed of those systems in which
annual crops have a major role in production amsj and the second group aggregates the
systems in which permanent crops and forestry atdou a significant proportion of land use.
The agricultural systems of the first group are posed of production systems based on dryland
and irrigated cereal rotations, while the agriaaltilsystems included in the second group are
based on permanent crops and forestry systemsiatssbavith traditional rotations based on
cereals. The agricultural systems of the firsugrare: cereal intensive system (IS),
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cereal-livestock semi intensive system (SIS), ddiasstock extensive system (ES), cereal poor
land system (PLS), rice system (RS) and mixed figresystem (MFS). For the second group the
agricultural systems are: Mediterranean Forestste®y on Poor Lands (MSPL), Mediterranean

Forestry system(MS), Permanent Crop System (PClManahtain Forestry system (MF).

Table 4.1 - Alentejo Agricultural Systems - LandelURatterns

Agricultural Total Area| Cropped Permanent|Mediterranean Mixed | Uncultivated
System Land % Crops % Forest % | Forest%| Land %
Ha. %
Intensive (1S) 137950 5.1 72.2 15 12.2 1.1 0.0
Semi Intensive (SIS) 578100 21.4 40.6 10.5 46.9 15 0.6
Extensive (ES) 390250 14.5 45.0 7.6 38.3 2.6 6.5
Poor Land (PLS) 584900 21.7 42.2 4.7 37.8 1.9 13.9
Mediterranean
Forest on Poor Land 304800 11.3 25.0 3.3 60.9 1.9 8.9
(MSPL)
Mediterranean Forest (M5)296000 11.0 10.9 6.8 67.7 135 1.2
Permanent Crop (PC) 197800 7.3 225 48.7 26 0.5 2 2
Mixed Forest (MFS) 102750 3.8 54.3 6.0 8.0 27.0 4.7
Mountain (MF) 93300 35 5.8 154 52.0 20.8 6.0
Rice (RS) 10900 0.4 88.0 0 0 0 12.0

Source: Sobral and Marado, 1987, and Silva, 1990.

The PLS and SIS agricultural systems occupy ttge$a proportion of area corresponding
to 21.7 and 21.4 percent respectively, while tke system represents only 0.4 per cent of the
total area. With respect to land use patterns|Shend RS systems have a higher percentage of
area occupied by annual crops (72.2 and 88.0 rexgglgy while the PC system shows the largest
percentage of area dedicated to permanent cropsféBcent). Olive trees and vineyards are the
most important permanent crops cultivated in tlggoreand occupy 34.9 and 13.6 per cent of the
area of the PC system. Olive trees are also ttst mpresentative permanent crop in the other
agricultural systems. lIrrigated rice occupy thgamiy of the area the RS system, while other

irrigated activities are mainly present in the d@ing system.

The mediterranean forest represented by corlandkolm oak trees occupies more than
37.8 per cent of the area in the majority of thecagiural systems, with the exception of the PC,
IS, MFS and RS agricultural systems. The medite@a forest has an important role in the
natural equilibrium of the agricultural ecosystentis fruits are an important source of livestock
feed during autumn, and the dispersion of the tafles/s farmers to cultivate the land under and
between mediterranean forest. The cork taken fr@cork oak is an important source of farm
revenue, although it not considered for the purpagethese study. The area occupied by the

other types of forest trees is only significant lee MFS and MF agricultural systems with 27.0

56



and 20.8 percent of the area respectively. The rapsesentative species are eucalyptus and pine
trees.

Four agricultural systems were selected for egiasnt analysis. The agricultural systems
selected were: intensive (IS) , semi-intensive \SAStensive (ES) and poor land (PLS). These
four agricultural systems account for 62.7 per adrihe total area of the region, 77.2 percent of
the cropped and 48.5 percent of permanent cropaargare believed to account for a significant
percentage of the region's agricultural output.

4.2-DATA

The data used to characterize the four agricllaystems selected, the growth of some
farm variables evaluated in this chapter, the nmeasent of individual levels of technical
efficiency undertaken in chapter V, and the farmleded to simulate the development of the
farming systems under CAP framework, were baseiddividual farm account records collected
by the Ministry of Agriculture since 1981. Whennkmn this thesis began, the only RICA data
set available for Alentejo was for the year 1988us it was the 1988 data which was used to
determine the basic characteristics of the farmigjems selected. The first task was to identify
each 1988 farm with each farming system. Sincéaitming system delimitations do not coincide
with the county identification of the RICA farmgjs mapping of RICA farms to farming systems
was undertaken with the help of the county RICAécians. For Alentejo, there were 335 farms
in the 1988 RICA data set, of which 217 were cfassiinto the farming systems analyzed. The
total number of farms in Alentejo in 1988 was estieal to be 47,049. The distribution of the
total sample of 217 farms by the four agricultsydtems selected and by the area classes defined
and used in chapter lll, is shown in Table 4.2.

Table 4.2 - Sample Distribution of Farms Analyzgdhe Ministry by Agricultural System
Selected and Area Class (1988)

Agricultural All observations Small Farms Medium Farms| Large Farms
Systems Number % Number % Number % | Number %
Intensive System(lS) 41 18.9 20 32.3 13 141 8 12.7
Semi Intensive System (SIS) 70 32.3 21 33.8 26 28.323 36.5
Extensive System (ES) 56 25.8 10 16.2 29 315 17 926
Poor Lands System (PLS) 50 23 11 17.7 24 26.1 15 8 23
Total 217 100 62 100 92 100 63 10p

It was this sample of farms that in Chapter VI wasd to select 9 farms to simulate farm
development under the conditions of the CAP refotrater, in the research work the RICA data
for 1983-1991 become available, allowing us toduailpanel of data by farming system. The

57



number of farms belonging to the farming systentected for the data set 1983-1987 was too
small to build a balanced panel, and this datavastabandoned. A balanced panel for the period
1987-1991 was built and used to identify the readranges in Alentejo farming systems, to
analyze the growth of some farm variables and taluee individual levels of technical
efficiency. This work is reported in sections a4l 4.5 and chapter 5 respectively.

Table 4.3 - Sample Distribution of the Panel Datalfo87-1991 by Agricultural System

Agricultural Systems
Item
Intensive Semi-Intensive Extensive Poor Lang
Number of Farms 19 26 28 27

4.3 - CHARACTERISTICSOF THE FARMING SYSTEMS SELECTED

The information contained in Sobral and Marad@{)%nd in the data of the 1988 RICA
sample was used to characterize each one of thminfarsystem selected. The basic
characteristics of each one of the farming systeas®d on Sobral and Marado are described
below and then a more formal characterization tewaken using the data of the RICA sample.
The IS and SIS farming systems, due to their bettef capacities, show more intensive
production characteristics, while the ES and PL8 thusome soil limitations show extensive
production characteristics.

4.3.1- Intensive Agricultural System (1)

This system is composed of three agro-ecologioakg and occupies an area which
represents only 5.1 per cent of the total areh®fegion. Two of the agro-ecological zones are
characterized by intensive dryland production systavhile the third agro-ecological zone is
characterized by a mixture of dryland and irriggtenduction systems due to the existence of the
irrigated perimeters of Caia and Odivelas. Thesgated perimeters have a potential irrigated
area of 14,700 hectares, which correspond to ar@Gruer cent of the total irrigated area of the
Alentejo region.

The soils are the best found in the region an®orntugal. They belong to the land
capacity classes A and B which have the highestaigpfor agricultural production. Landscape
is characterized by slight slopes, in some areamgland in others slightly undulating.
Production systems are characterized by intensiablea crops (72.2 per cent of total area).
Wheat is the most important cereal that makesgfatte rotations. The typical rotation in the
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dryland area is:

Year 1 Year 2 Year 3
Fallow*Sunflower or Wheat Wheat or
Chick Peas Barley

while in the irrigated areas the most importardtions are:

Year 1 Year 2
Tomatoes or Corn Wheat or Oats
or Continuous Rice

Livestock activities are complementary to the akmotation and are dominated by
extensive sheep activities. The forage producethéyrotations is utilized mainly for livestock
feed. The importance of the livestock activitigsevgs with farm size. The remaining area is
occupied by forest (13.3 per cent) and permaneampsc(15 per cent). The most important
permanent crops are olive trees (12.7 percentyiegards (2.2 per cent).

4.3.2 - Semi Intensive Agricultural System (S1S)

This agricultural system occupies four agro-egiolal zones and is characterized by semi
intensive production systems based on cereals igedtdck activities. The area occupied
represents 21.4 per cent of the total area ofet@m. Soils are not as good as the those observed
in the intensive agricultural system, and the nigjdrelong to the land use capacity B, C and D.

The landscape is a rolling plateaux charactetigeslopes that vary between 3 and 10 per
cent. Permanent crops represent 10.5 per ceghkedbtal area, mainly occupied by olive trees
(9.3 per cent). The forestry area which occupi@gl per cent of the total area is mainly
composed of mediterranean species (46.9 per cetheottotal area). Under and between
mediterranean trees farmers are able to grow oottr natural pastures. Natural pastures are a
substantial source of livestock feed. A typicaation for this agricultural system is

Year 1 Year 2 Year 3 Year 4 -5
Fallow*Sunflower or ~ Wheat Barley, Oats Natural Pasture (1
Chick Peas or Forage or 2 Years)

Livestock is an important activity and uses thmgerary forages and natural pastures
produced by the rotations as a main feeding source.
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4.3.3 - Extensive Agricultural System (ES)

This agricultural system is composed of three -®gaogical zones which represent 14.5
per cent of the total area of the region. Soiks thin and poor, belonging mainly to the land
capacity class D and E. The landscape is an uimylalateau with slopes that vary from 6 - 15
per cent, which gives rise in certain regions tusien problems. Land use is characterized by a
low representation of permanent crops (7.6 percaathly occupied by olive trees (7.5 percent).
The forestry area accounts for 40.9 per cent of tthael area and is mainly occupied by
mediterranean species. The rotations are longeriththe previous agricultural systems and are
characterized by an increase of the period dedidataatural pastures. A typical rotation is:

Year 1 Year 2 Year 3 Year 4-8

Fallow Wheat or Oats or Natural Pasture
Oats Forage (2-5 Years)

Livestock activities have an important role in #e®nomy of this agricultural system and
are represented by beef, sheep, goats and swine.

4.3.4 - Poor Land Agricultural System (PLS)

This agricultural system represents 21.7 per oérthe total area of the region and is
characterized by thin and poor soils and a venctinyate. The majority of the soils belong to the
land capacity class E. The landscape is highlylatichg with slopes which vary between 16 and
25 per cent, giving rise to serious erosion proklem

Permanent crops occupy a low percentage of tha @€/ per cent), while the
mediterranean forest covers 37.8 per cent of tta abea. The production systems are based on
long dryland cereal rotations, and the typicaltiotais characterized by:

Year 1 Year 2 Year 3 Year4 -8

Fallow Oats or Forage Natural Pasture
Wheat

4.3.5 - Additional Characteristics of the Farming Systems

The indicators contained in Tables 4.4 and 4.%fabying system and farm size, derived
from the 1988 farm sample described in sectioncb&)plements the previous description of the
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farming systems. Regarding land structure, thengabelonging to more intensive farming
systems have a lower average farm size and withigirer proportion of owned land than the
more extensive farming systems. With respect mol laccupation, irrigated activities have an
important role in production structure of the irdime system (3.7 percent of total agricultural
area) and principally small farms (one fourth af Hrea is irrigated), while for the other farming
systems its role is marginal. Due to soil potérgia rotational characteristics of each farming
system, the intensity of land use is greater femtiore intensive farming systems (IS and SIS) and
as expected this intensity decreases as farmrsireaises since for larger farms fallow and natural
pastures occupy a significant proportion of thelJamhile for smaller farms intensive production
activities such as horticulture and permanent chape an important role.

For all farming systems cereals occupy the mgjafitarea cropped and this percentage
increases with farm size. Oilseeds are represeémtaxiational characteristics of the IS, and also
have some presence in the rotations of the SISPhisdfarming systems. Forage activities are
relatively more important for the ES, PLS and Si®rfing systems, while permanent crops have a
higher representation on the more intensive farmirsgems. As a result of a higher area in forage
activities, livestock density is greater for the, 55 and PLS farming systems, decreasing with
farm size. The composition of the livestock herdldminated by sheep activities for all farming
systems. This domination is greater for the PL& I&farming systems and, with exception of
the IS farming system, the weight of sheep aatisithcreases with farm size. Cattle activities are
comparatively more important in the SIS and ES fiagnsystems while other livestock activities
are present in the ES and PLS farming systems.

In average terms, family labour represents less Btapercent of total labour, with the ES and
PLS farming systems showing a higher proportiorfanfily labour than the IS and SIS. The
proportion of family labour decreases with farmesiegpresenting more than 70 per cent for small
farms and less than 30 per cent for large farnaholr use per hectare is similar for the IS and
SIS which show higher labour use than the morensite farming systems (ES and PLS). The
more intensive farming systems use higher levelgpetating capital, with decreasing levels by
farm size, and this is consistent with the fact @ more intensive production activities of
smaller farms require more capital, and that am fsize increases there is a more efficient use of
lumpy inputs such as machinery, equipment and ipigitd
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Table 4.4 - Selected Farm Indicators by Farminge®ggor 1988

ltem Units s | sis| Es| PLs
Average Area Hectares 142.1 174.0 227.1 198.3
Owned Land/Total Land % 62.2 47.7 32.6 398
Irrigated Land/Total Land % 3.7 0.5 13 1.0
Average Irrigated Land Hectares 53 0.9 29 20
Cultivated Land/Total Land % 60.7 46.0 28.0 404
Area Cereals/Area Cultivated % 70.8 57.9 548 964
Area Oilseeds/Area Cultivated % 15.3 7.6 1.3 4.5
Area Forages/Area Cultivated % 1.2 14.8 249 01§
Total Labour/Total Land LSU/Hectdre 0.022 0.022 0.014 0.015
Family Labour/Total Labour % 36.1 36.2 44.8 444
Average Labour per Farm LSU 3.1 3.8 3.2 2.9
Operating Capital/Total Land 1000Esc./Ha. 120.3 .082 66.3 71.9
Machinery and Equipment/Totall000Esc./Ha. 44.0 29.8 22.8 26.7
Land

Sheep/Total Livestock % 63.3 52.9 47.1 75{0
Cattle/Total Livestock % 35.1 40.4 38.2 15.8
Other Livestock/Total Livestock % 1.6 6.7 147 89
Average Livestock per Farm U 27.9 46.3 60.3 51.1
Livestock Units/Total Land LU/Hectdte 0.196 0.266 0.266 0.258
Intermediate Costs/Total Land 1000Esc./Ha. 338 124 111 17.3
Machinery Costs/Total Land 1000Esc./Ha. 9.2 71 4 3 48
Livestock Costs/Livestock Units 1000Escudos/Ly 7.6 16.3 10.8 21.3
Crop Costs/Total Area 1000Esc./Ha. 20.7 11.3 40 6.2
Crop Product/Total Product % 80.8 66.1 34.9 524
Livestock Product/Total Product % 11.0 26.0 495 34.6
Direct Subsidies/Total Product % 8.2 7.9 156 .113
Crop Product/Total Area 1000Esc./Ha. 53.9 337 0 9. 189
Livestock Product/LU 1000Escudos/ty 37.4 49.9 48.0 48.5
Direct Subsidies/Total Land 1000Esc./Ha. 55 40 4.0 4.7
Total Product/Total Labour 1000Esc./LSU | 3035.5 23155 1803.1 24636
Total Product/Total Area 1000Esc./Ha. 66.7 51.0 5.82 36.2
Value Added/Total Land 1000Esc./Ha. 32.9 26.9 614. 18.9
Average Net Income 1000 Escudos 1511.2 1674.2 10551493.5
Net Income/Total Land 1000Esc./Ha. 10.6 9.6 46 7.5

2LSU - Labour Standard Unit
P LU - Livestock Unit

62



Table 4.5 - Selected Farm Indicators by Farminge®ysand Farm Size for 1988

ltem Units IS-S| IS-M| IS-L| SIS-§ SISMSISL| ES-S| ES-M ES-l| PLSPLS-M|PLS-L
Average Area Hectares 258 114.%78.0( 22.2 105.7 390.0| 254 143.1 489.1| 25.9 123.0 445.0
Owned Land/Total Land % 255 442 74(2 59.1 954.449 27.7 224  37.9 264 50.3 356
Irrigated Land/Total Land % 25.0 1.2 1.8 32 40. 04 4.3 0.2 1.7 0.0 1.6 0.8
Average Irrigated Land Hectares 6.4 14 818 0.70.4 1.7 11 0.3 8.3 0.0 20 3.4
Cultivated Land/Total Land % 92.9 66.5 54{1 67.950.6 435 589 37.7 22.8 63.1 47.2 36.4
Area Cereals/Cultivated Land % 56.7 70.5 74.2 129 480 63.7 224 551 57/l 5438 61.7 64.2
Area Oilseeds/Cultivated Lanélo 16.0 12.9 16.3 2.3 6.3 8.5 4.7 0.0 22 6 5 4.2 45
Area Forages/Cultivated Land % 2.1 1.1 110 18.24.3 11.1| 430 213 26.4 10.6 14.5 20.5
Total Labour/Total Land LSU/Hectalle 0.0620.017 0.018( 0.092 0.024 0.018| 0.085 0.015 0.012| 0.070 0.021 0.009
Family Labour/Total Labour % 754 472 14|2 71.150.5 20.8 75.0 63.8 25.5 70.7 50.0 30.5
Average Labour per Farm LSU 1.6 2.0 88 2.1 2.66.9 2.2 2.2 5.7 1.8 2.6 4.2
Operating Capital/Total Land 1000Esc./Hl&209.5 114.3 110.6| 224.6 106.3 67.1 | 223.2 77.2 56.1| 192.8 94.9 56.6
Machinery and 1000Esc./Ha] 68.5 439 408 86.3 37.2 2416 70.8 293 018.72.8 32.9 22.0
Equipment/Total Land

Sheep/Total Livestock % 87.7 69.4  56|3 24.7 256.55.0 165 33.8 56.( 138 65.7 83.5
Cattle/Total Livestock % 9.4 279 42p 64.5 339. 37.7 58.8 51.9 299 847 18.6 8|2
Other Livestock/Total % 2.9 2.7 1.0 10.8 4.6 7.3 24.6 14.3 14.11.5 15.7 6.3
Livestock

Average Livestock per Farm LU 8.2 16.9 949 12.839.8 84.2 15.2 37.2 126|3 8.9 41.7 97.1
Livestock Units/Total Land LU/Hectare| 0.3170.147 0.199| 0.576 0.377 0.216| 0.598 0.260 0.258| 0.345 0.339 0.218

S - Small Farms (0-50 Hectares), M - Medium FasisZ00 Hectares) and L - Large Farms ( > 201 Hesj}ar



Table 4.5 - Selected Farm Indicators by FarmingeBysand Farm Size for 1988 (Cont.)

ltem Units |s-s| |s-|v|| IS-L SIS-$ SIS-I1/ISIS-L ES-S| ES-M| ES-L PLS-FPLS-M| PLS-L
Intermediate Costs/Total Land 1000Esc./Haz8.3 354 27.2| 636 239 221 616 128 8815 250 11.9
Machinery Costs/Total Land ~ 1000Esc./Ha26.8 10.7 6.3| 147 7.6 6.4 109 4.2 28 513 58 3.9
Livestock Costs/Livestock ~ 1000Esc./LU| 6.7 9.1 73| 555 154 114 64.69.7 75| 804 341 85
Units

Crop Costs/Total Area 1000Esc./Ha44.6 215 17.1| 124 85 12p 97 5.4 32861 64 55
Crop Product/Total Product % 85.1 832 781 47.61.6 73.6| 284 40.6 31y 420 498 5.2
Livestock Product/Total % 89 112 117 466 373 194 623 487 .048 496 387 287
Product

Direct Subsidies/Total Product % 6.0 56 102 3 6. 111 7.1 93 107 203 84 115 151
Crop Product/Total Area 1000Esc./Hal29.6 52.0 44.4| 555 273 346 317 125 65 41855 151
Livestock Product/LU 1000Esc./LU 42,7 474 334955 525 42.1| 1165578 383| 1426 584 353
Direct Subsidies/Total Land ~ 1000Esc./Ha.9.1 35 5.8 7.4 5.9 33 104 33 42 8.45.9 4.1
Total Product/Total Labour ~ 1000ES/LSU 24573591.0 3094.1| 1275.4 2190.8 2649.7| 1312.1 2005.1 1779.1| 1414.9 2425.2 2831.8
Total Product/Total Area 1000Esc./Hal52.2 62.4 56.9| 1180 53.0 47.0| 1116 309 206| 99.1 511 26.8
Value Added/Total Land 1000Esc./Ha.73.9 270 29.7| 544 291 248 500 181 811.375 262 149
Average Net Income 1000 Esc. 948.813.3 4052.6| 330.0 1147.8 3496.7| 481.4 941.5 1586.2| 258.3 1305.6 2699.9
Net Income/Total Land 1000Esc./Ha.36.8 7.1 85| 149 109 9. 190 6.6 32 .010 106 6.1

S - Small Farms (0-50 Hectares), M - Medium FasisZ00 Hectares) and L - Large Farms ( > 201 Hesj}ar
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In overall terms, the use of intermediate inpw iss more intense for the IS farming
system, while the ES farming system show lower tingae per hectare. By groups of variable
inputs, the PLS and SIS farming systems have ahigbe of livestock inputs, while the IS and
SIS farming systems show higher machinery and amppt use. The production structure is
dominated by crop product for the IS, SIS and Parining systems, while for the ES livestock
product is dominant. Land and labour productigisywell net income per hectare are greater for
the more intensive farming systems (the IS and ®i8) decreasing levels by farm size. Crop
product per hectare is higher for the more intean&iwming systems, while livestock product per
livestock units is similar for the SIS, PLS and &8l higher than the value observed for the IS
farming system. Regarding capital and input pabflity, the IS and PLS farming systems show
higher profitability levels than the SIS and ESyiarg systems.

4.4 - RECENT CHANGESIN ALENTEJAN FARMING SYSTEMS

Following the description of the main charact@sbf the four farming systems chosen,
the objective of this section is to give a briekmew of the changes that have occurred in the
production and economic structure of these farnspgtems between 1987 and 1991. This
includes the first stage of the transition periotlo do so, the data panel mentioned in section 4.2
was used to derive the Figures presented in Apgdrttiat show the evolution of the principal
indicators selected and used in this section amatuate the annual growth rates of some farm
indicators presented in Table 4.6.

Regarding land structure, the average farm sizethef four farming system was
maintained fairly constant, although a tendency dlight increases in the average farm size
appears to be present. The land dedicated tatiedigactivities has been increasing, especially for
the more intensive farming systems (IS and SISjth Véspect to land use, the cultivated as well
as cereal land increased in average terms, althearjgtions between years has been observed.
The area of oilseeds and forages and pastureagettdor all farming systems, and these results
are similar to those identified in section 3.2.ihgsegional aggregated data.

Since 1987 the average labour per farm and byifigrsystem has shown a tendency to
decrease and this decrease is essentially duedtwti@ns in hired labour, although a slight
decrease in family labour use was also observegigafding livestock, the average number of
livestock units per farm and by farming system Haeen increasing especially for the IS and PLS
farming systems, while the SIS farming system slibwetendency for stagnation. These
increases resulted in positive changes in the istpalate per hectare. The herd composition
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between sheep and cattle activities has been rimadtéairly constant over time for the IS, PLS
and ES, while for the SIS the importance of sheap lbeen decreasing. During the period
analyzed, the levels of capital per hectare hawn liecreasing, at a higher rate for the more
intensive farming systems (IS and SIS).

Table 4.6 - Average Annual Growth Rates for songichtors by Farming System (1987-1991)

ltem ES IS PLS | SIS
Average Area 0.77 0.93 0.34 -0.64
Total Labour -2.96 -3.58 -0.32 -5.35
Livestock Herd 1.73 4.65 4.16 -0.11
Machinery and Equipment Capital 3.14 4.90 2.95 935
Total Product -0.16 1.22 -1.45 -2.67

The consumption of variable inputs expressedahtegms per hectare, increased slightly
for all farming systems, while changes in the comstion of fixed inputs per hectare were less
evident, with the exception of the PLS farming sgstin which an increase was observed. The
composition of the product among the different fagrsystems is similar for the PLS and SIS in
which crop product accounts for around half ofthtal product, while for the IS and ES farming
systems crop and livestock products are dominaspectively. The contribution of livestock and
principally crop product to total product has bektreasing, while an increase in the level of
direct subsidies which reached percentages gréaer 20 per cent for the ES, PLS and IS
systems in 1991 was observed. Crop and livesteakproduct have been decreasing and this
decrease was not compensated by the increase smtbent of subsidies received by farmers
which lead to a decrease in total product for $IES and ES farming systems. With the
exception for the IS farming system, the decreadetal product led to a decrease in real value
added, while real net income decreased for alldarm

In this section changes in the production and eeon structure of the ES, IS, PLS and
SIS Alentejan farming systems were analyzed based panel of RICA farms for the period
1987-1991 and the following general conclusionslEamade: 1) positive changes in the irrigated
area principally for the IS and SIS, and in theaateopped as well as in the area of cereals,
oilseeds and forages was observed, 2) negativegelan labour use, principally hired labour
were observed, 3) the size of the livestock hesdbeen increasing, principally the number of
sheep, 4) in overall terms the use of intermedigpets per hectare increased for all farming
systems, 5) with the exception of the IS farmingtamy, total product have been decreasing, while
the contribution to total product of subsidies Hmeen increasing substantially, and 6) the
profitability of the Alentejan farming systems Haeen decreasing, especially for the ES, PLS and
SIS. These changes confirm with the conclusiorsvdrin section 2.4.3 and chapter Il in
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aggregate terms for Portugal and Alentejo respalgtiv

45-FARM GROWTH, FARM SIZE AND FARMING SYSTEM

The objective of this section is to analyze thengh of some farm variables responsible
for farm size such as product, labour, capital Bwebtock, in order to make some inferences
about the general process of growth of Alentejamséa testing the hypothesis that growth or
decline rates are specific to individual farms dadning systems and that growth rates are
independent of the farm size.

In general, the study of farm firm growth has deggghfrom Gibrat's Law of proportionate
effect that states that the proportional chandermsize is independent of its absolute size.sThi
suggests that firms show constant returns to seaning that larger firms grow as fast as smaller
firms (Clark, Fulton and Brown, 1992). Gibrat'sALalso suggests three economic implications:
1) there is no optimum size of firms, 2) thereasrelation between the rate of growth of a firm in
subsequent and preceding periods and 3) there iiscegase in industry concentration as time
passes (Haworth, 1992).

Haworth (1992) tested some of the hypothesesngrisom Gibrat's Law such as, that
firms in different size categories have the samerame proportionate growth rate, firms in
different size categories have the same disperdigmoportionate growth rates about the mean,
distribution of proportionate growth rates is lognal and relative dispersion of firm sizes
increases over time, and concluded that there vemsiderable evidence to question the
hypothesis that the process of farm firm growthlddoe explained by the Gibrat's Law of
proportionate effect and to assume that differemcegowth rates are not due to random forces
but to the presence of consistent individual grokatles. Deviations from Gibrat's law were also
observed in other studies about individual firmvgio such as those by Shapiro, Bollman and
Ehrensaft (1987), Hall (1987), and Evans (1987)ienBlark, Fulton and Brown (1992) using
regional aggregate data for Canadian agricultuendt find strong evidence to reject the Gibrat's
Law.

4.5.1 - Methodology
The model used to measure, test and compare thhgof some farm variables over

time was similar to the one used by Upton and Hew(t987), which hypothesized that the
growth of a farm firm variable is exponential andarporates year, farm and group effects.
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The model is expressed in the following form:

Yi()=a ,Bi Vi e(dTmiT)Uit

where:
Yi(t) = variable being analyzed
a; = year effect
Bj = farm effect
v; = farming system effect
& = component of growth rate specific to farm
n; = component of growth rate specific to farmingteys

T =time trend,
and t represents the year, i the farm and j threifey system indexes.

This formulation allows one to identify in a cresection time series data set those effects
that are considered important in the evolution &ran firm variable, such as the ones that are
year, farm and or farming system. This is to te#fie evolution of a variable is significantly
dependent on the year, the farm or farming systaifdats growth rate is also farm specific and
or farming system specific. The year effect iemated to capture the differences among years due
to weather, inflation and other random factors gjgeto individual years. The farm effect is
expected to introduce a farm individual effecttfoe variable in consideration which measures the
relative magnitude of the farm for the variablengeanalyzed. The farming system effect is
expected to capture the variation observed for &moh as a result of observations belonging to a
specific farming system. Once the farming systdéfaceis embodied in the farm effect the
combination of the farm and farming systems efiieet measure of the relative size of the farms.

The cross effects of farm and or farming systeth tume allows us to test if the growth
rate is group and or farm specific. Because tlae gfect was taken into account, it implies that
the average growth rate is not constant over tand, mean size in a particular year is the mean
size in the base year times the year effect farykar. The model considers the error term as
multiplicative, thus assuming that the error temmeas proportionally to the size of the variable in
consideration and has a normal distribution witlameero and constant variance.

The model above can be written in its logged fand becomes equal to

log Yi (t) =log a; +log Bi +1ogy; + (8; +m) T +log Uy, (4.1)
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which was solved using dummy variables to repredéfarent t years, j farming systems and i

farms. This is an analysis of covariance modd #tlaws us to test the effect of the different

independent variables included in the evolutiora &fpecific variable over time. The variables
used in the analysis were similar to the ones byedaworth (1992) and Shapiro, Bollman and

Ehrensaft (1987). They were total product andtabfinachinery and equipment) measured in
thousands of escudos, total labour measured inutab@andard units, and cattle and sheep
quantities measured in livestock standard units.

In order to test Gibrat's law, that farm growthtesaare unrelated to farm size, the
individual farm size and growth rates measuresnastid through equation 4.1 were correlated.

45.2 - Results

The results obtained from fitting the above equmatio capital, labour, product and
livestock variables allowed us to test to what eixtbe rate of growth was farm and or farming
system specific and if there were significant défeces among farm firm sizes. With respect to
total product and capital, the results presentddibie 4.7 of the analysis of covariance, show that
during the period 1987 - 1991 the rate of growththaf total product and capital was farming
system and farm specific and that the contributibtine individual farm component to the growth
rate was much higher than the contribution of #menfng system component measured by the
sum of squares. The same conclusion was reachatidesize component of the equation in
which the farm and the farming system effect westh Isignificant at 5 per cent level, and the
variance explained by the farm effect was much drighan the one explained by the farming
system effect.
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Table 4.7 - Results of Analysis of Covariance fotal Product and Capital by Different

Effects

Source of Variation Total Product Capital

Sumof | D.F? |Variance Signif. [ Sumof | D.F?® |Variance Signif.

Squares Ratio (F) Level | Squares Ratio (F) Level
Total 4429 459 1441.4 459
Between Years 75 4 25.8 (0.001) 159 4 43.4 (0.001)
Between Farming Systems 119 3 55.1 (0.001) 1279 3 465.7 (0.001)
Between Farm 390.1 88 61.1 (0.001) 1234.4 88 153.2 (0.001)
Between Farming Systems 1.1 3 5.1 (0.002) 28 3 10.2 (0.001)
Growth Rates
Between Farm Growth Rates 12.4 88 1.94 (0.001) 35.4 88 4.4 (0.001)
Residual Error 19.7 272 249 272
R Square 0.96 0.98

®_ Degrees of Freedom

Table 4.8 - Results of Analysis of Covariance fabbur and Livestock by Different Effects

Source of Variation Labour Livestock
Sumof | D.F? |Variance Signif. [ Sumof | D.F? |Variance Signif.
Squares Ratio (F) Level | Squares Ratio (F) Level
Total 188.6 459 1464.5 459
Between Years 1.8 4 10.2  (0.001 2.8 4 .111(0.001)
Between Farming Systems 10.8 3 77.9 (0.001) 212.3 3 1112.2 (0.001)
Between Farm 154.9 88 38.1  (0.001) 1196.9 8813.7 (0.001)
Between Farming Systems 0.4 3 3.1 (0.027) 3.7 3 19.6 (0.001)
Growth Rates
Between Farm Growth Rates 8.0 88 20 (0.001 316 88 5.6 (0.001)
Residual Error 12.6 272 17.3 272
R Square 0.93 0.98

®_ Degrees of Freedom

Regarding total labour and livestock, the respifessented in Table 4.8 are similar to the
ones observed for total product and capital. Hnmfand the farming system components of the
growth rate and size were significant at 5 per &l with much of the variation observed being
due to the farm component.  Additional runs madty dor hired labour, sheep and cattle
indicated that the farming system component of gtewth rate was not significant for hired
labour and cattle, while for sheep the results wgaréar to the ones observed above.

The results showed that for all variables analythede were considerable differences in
mean farm sizes and these differences vary aceossinfy systems and inside each farming
system across farms. This means that farm siziependent on a farm belonging to a more
intensive or extensive farming system and on ofipecific farm factors. Farm firms grow at
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different growth rates, which means that each faas it own individual growth or decline rate.
With the exception of hired labour and cattle inickhgrowth rates are only farm specific, the

growth rates vary across farming systems, andensath farming system among different farms.

The year effect is significant at the 5 per cerél for all variables, which implies that meamiar
size and average growth rate has been varyingtioggrears.

With the objective of discovering any relationshigtween the measures of growth and

size obtained from the variables studied, a cdiogianalysis was performed over specific farm

size, and growth parameters which had been obt&iosdthe analysis of the covariance model.

These parameters will also be used in the nexttehap find if there is a relationship between
size and growth, and efficiency. The results preskin Table 4.9 show that there is a positive
correlation between the different measures of sizeaning that the size of output is highly

dependent on capital, labour and livestock sizeadsal labour with livestock size, while size of
capital is less dependent on labour and livestizels s

Table 4.9 - Correlations Between Measures of SizeMeasures of Growth

Measures of] Measures of Size Measures of Growth
Size
Product Capital Labour Livestock Produ#t Capit*al abbur | Livestock
Product
Capital 0.558'
Labour 0.47 0.25%
Livestock 0.5% 0.21% 0.49?2
Measures of Growth
Product -0.2¢ -0.13 0.18 0.16
Capital -0.09 -0.24 0.09 -0.07 0.28
Labour 0.03 0.09 -0.60 -0.07 -0.11 -0.1%
Livestock 0.19 0.01 0.16 -0.13 0.23 0.242 -0.05

2. significant at 5 % level

Regarding the correlation between the differenasuees of growth, one can conclude
that the growth rate of output is positively coatetl with the growth rate of capital and livestock,
and the growth rate of capital is inversely coteslavith the growth rate of labour and positively

correlated with the growth rate of livestock. Tdness correlations between measures of size and

growth allow us to conclude that in general thera iveak association between size and growth

measures. The exceptions are total product, tagmthlabour which are negatively correlated

with their corresponding size and growth measumesaning that, as farm size increases, the
growth rate decreases, and total product sizessiyely correlated with livestock rate of growth.

The cross correlations between size and growtprfmtuct, labour and capital which are negative

and significant allows us to reject Gibrat's lavpodportionate effect.
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The results obtained are similar to those of Uptiadh Haworth (1987) in measuring farm
firm growth in a sample of British farmers. Theighles that they used as proxies for farm size
measures were gross output, labour force, landaar@anachinery value. If farms show different
individual growth rates for the different variabldgmt measure farm size, then there is a set of
factors associated with each farm that explainekistence of farm individual growth rates.
These factors will be directly related to the pratéhn capabilities of farm and farmer as well as
other subjective factors that may influence a faisndecision towards growth. Upton and
Haworth (1987) selected a set of variables thatdcbe directly responsible for the different
growth rates that their sample of British farmersileit, such as managerial ability, propensity to
invest, intended expansion of farm, number of ddpets, off-farm income and attitude towards
risk. The list of farm specific factors can bergased to include years of education, professional
training, age, availability of technical assistgngears of experience and etc. They showed
through correlation analysis that the differentvgtorates were partly a result of differences in
management ability.

It is widely accepted that all the factors mengidrabove will have a relative importance
in farmers' attitude towards farm growth, whileegrtal factors such as agricultural policy through
its structural and price components will have aificant role in determining the magnitude and
the path of farm firm growth rate. The period ohlysis was coincident with the application of
the EC structural policy, while no significant chhas occurred in the price policy. Farmers who
took advantage of the favourable conditions ofstinectural policy and expanded their production
capabilities are expected to have had higher groatds for the different measures of farm size.
After 1992, with the full application of the pripelicy, it is expected that significant changed wil
occur in the magnitude and path of farm firm grqvgrticularly in farms belonging to farming
systems with natural endowment limitations suctha€S and PLS.

Considering that the number of years of our sammdes relatively small and that

additional data on farm and farmer characteristiese not available, no further analysis was
pursued, with the objective of extending the urtdeding of the process of farm firm growth.
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4.6 - SUMMARY

Among the ten farming systems that characterizent&jan agriculture, four farming
systems were selected, the IS, SIS, ES and PL® IStand SIS farming systems occupy the
better soils of the region and are characterized byore intensive agriculture than the ES and
PLS farming systems which are located in areas sighificant limitations for agriculture. The
IS and PLS farming systems show a production pattekvhich crop activities are dominant in
total product, while for the SIS farming system pcrand livestock activities have similar
contributions for total product and for the ES famgnsystem livestock activities are dominant in
total product. The characteristics of each farngygtem vary with farm size, with smaller farms
showing a higher production intensity than largents.

During the period 1987-1991, the most importardngfes observed in the farming
systems were an increase in the irrigated andvatgtil area, a decrease in labour use principally
hired labour, an increase in the size of the lnglsherd, a decrease in total agricultural product
and a decline in the profitability of the farmingstems.

The analysis of growth of total product, labouapital and livestock variables for the
same period, allow us to conclude that: 1) the gra@@mponent of those variables was farm and
farming system specific 2) the size component afs¢hvariables was positively correlated
between them, and 3) with exception for livestdbk, size component and the growth component
of the variables analyzed was negatively and sagmifly correlated leading to a rejection of
Gibrat's Law and meaning that growth rates decredtbefarm size or small farms grow faster
than larger farms.

In the next chapter the objective was to to laotha capacity of farmers to transform the
inputs employed in production to generate theiicaiural output. Individual levels of technical
efficiency for IS, SIS, PLS and ES Alentejan fargiisystems were evaluated using the same
panel data set for 1987-1991.
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CHAPTER V - TECHNICAL EFFICIENCY AND PRODUCTION CHARACTERISTICS
OF ALENTEJAN FARMING SYSTEMS

The objective of this chapter is to evaluate tezdirefficiency of the farms belonging to
the four Alentejan farming systems selected inlésé chapter, using panel data for the period
1987-1991. The methodologies used are a paranstdca nonparametric approach, and a
comparison between the results of both methodddgimade. The individual levels of technical
efficiency evaluated were used to look for possi#¢erminants of the differences observed in
efficiency levels between farms.

5.1- EFFICIENCY CONCEPT

The concept of technical efficiency, along witicpror allocative efficiency, make part of
the broader concept of economic efficiency. Tecdirefficiency is reported as the capacity that a
specific producer has to obtain the greatest odtput a given set of inputs, applying a defined
technology. The greatest output attainable fromiven set of inputs is called a production
frontier. Technical inefficiency is a result of aquiproportionate overutilization of all input®f
two farmers who use the same level of inputs aadséme technology, the more efficient farmer
is the one able to produce the larger output. callive or price efficiency is defined as the choice
of the optimum mix of inputs under given prices.agsumes profit maximization, and marginal
revenue product for all factors should equal maigiosts. Under this concept a firm that does
not maximize profits is price inefficient. Alloda inefficiency is the result of input utilization
the wrong proportions, given input prices. Thisamethat a farm is operating outside its least
cost expansion path. However, it is possible tmpre two price inefficient firms, facing the
same output and input prices, and the one thathleasigher profits is the more efficient (Lau and
Yotopoulos, 1971). A firm is said to be economiica&fficient if it satisfies the conditions of
technical and price efficiency.

Price efficiency depends upon the decisions taksidle the firms, and its analysis is
limited by the extent to which the assumptionsrofipmaximization and competitive markets are
verified in the real world. The evaluation of griefficiency is limited by the fact that firms faae
world of imperfect knowledge and non-instantaneegsilibrium, farmers' decisions are made
inside and outside the set of rational assumptidreconomic theory, and data availability and
statistical estimation are not in accordance widotetical needs.

Technical efficiency is mostly related to geogtiaph environmental and management
differences among farmers. The non-manageriatmétants of technical efficiency are physical
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factors such as soil characteristics and climateiaband political factors such as demography
and government intervention, and random factomfiér, 1970). The same author states that if
environmental and geographical differences arentaki® account, the final cause of technical
efficiency is due to different farm managementtetyies.

One of the first authors to conceptualize a clgiatinction between technical and
allocative efficiency was Farrell. The ideas uhdeg Farrell's approach are illustrated in Figure
5.1. An efficient unit isoquant (EUI) was constadfor a group of firms that use inputs ahd
X5, meaning that all firms considered produce theeskawvel of output. Firms that use the input
bundles on the frontier, such as C, D, E, F andoBstitute the technically efficient set of firms.
The firms within the frontier, such as H and Jtaahnically inefficient. They use more of at least
one of the factors of production to produce the laviel of output than do firms located on the
frontier. The measure of technical efficiency fiom H is given by the ratio OE/OH. Assuming
that input prices are known, the isocost line ABresents the minimum cost of producing one
unit of output. Allocative efficiency for firm Hsimeasured by the ratio OI/OE and its overall or
economic efficiency is given by OlI/OH = OE/OHOI/OE. Firms located at point D show the
highest level of economic efficiency, since they bboth allocative and technically efficient.

Figure 5.1 - Farrell's Efficiency Measures

The measure of technical efficiency can be furtteromposed into three components:
pure technical, scale and congestion efficiency.dd so, it is necessary to relax the assumptions
of strong disposability of inputs and constant mefuto scale that were implicitly assumed in the
above definition. Strong disposability means thaput does not decrease for an increase in any
input, while weak disposability means that outpagsinot decrease for a proportional increase in
all inputs, allowing the existence of cases in Whim increase in a particular input will force
production downward. Figure 5.2 shows an isoquaay for firm H where the isoquant ABC'D'
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represents the reference technology for farm Hraisgu variable returns to scale and weak
disposability of inputs which corresponds to thethgractice frontier and the least restrictive
technology. The isoquant ABCD is the referencénetogy assuming variable returns to scale
and strong disposability of inputs, while the isagUEFG is the reference technology assuming
constant returns to scale and strong disposaldfitinputs, thus admitting that the firm H is
operating on the long-run optimal scale and comedp to the most restrictive technology (EFG
is coincident with the reference isoquant EUI dafiin Figure 5.1).

Similar to the above definition, technical efficignof firm H is defined as the ratio OF/OH and
this measure can be decomposed into its three Hyutlusive sources of efficiency. Pure
technical efficiency is measured relatively to kbast restrictive technology (ABC'D") and is the
ratio OC'/OH. If the firm H was pure technicalieiffnt it would operate at C', on the backward-
bending segment of isoquant ABC'D', meaning thaii possible to increase output by reducing
the congesting input X2. The improvement in inpsi from C' to C, the closest non-congested
technology, is a measure of congesting efficiemy & equal to OC/OC'. If the firm H was
operating at point C it would be pure and congaestifficient, but would not be operating on the
long-run optimal scale (EFG). The firm H scale ioy@ment from C to F is a measure of scale
efficiency which is defined by the ratio OF/OC (&&Grosskopt and Pasurka, 1989).

X2

X1

Figure 5.2 - Decomposition of Technical Efficiency

There is some controversy about the nature ofnteehand allocative efficiency, its
measurement and existence. Leibenstein (1966esutipat empirical evidence shows that most
of the observed inefficiency is due to X-ineffiobtyn and observed allocative inefficiency has a
small magnitude. He states that the significaotofs determining X-efficiency are intra-plant
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motivational efficiency, external motivational efftncy and nonmarket input inefficiency. On
the other side, Stigler (1976) argues that all gieetl inefficiency is allocative. He also argues
that all perceived inefficiency is due to a failufethe researcher to measure all relevant inputs
and to specify correctly the rational behaviouthef producers.

To evaluate economic efficiency, technical andcaltive efficiency must be estimated.
To estimate allocative efficiency it is necessarpave information, not only on input and output
quantities, but also on prices, while technicaicefficy only requires information on input and
output quantities. In this study, only technicfficeency was evaluated, because information on
input and output prices was only available in teghgrice indexes for the agricultural systems
sampled.

5.2- MEASUREMENT OF TECHNICAL EFFICIENCY

The methodologies that have been utilized to ewaltechnical efficiency at farm level
can be divided into three groups: 1) the use d@fieffcy indicators based on farm accounts, 2) the
parametric approach, and 3) the nonparametric appro

Efficiency indicators based on farm accounts ugualaluate the historical performance
of farms and allow for a comparative analysis wgithilar farms. The historical analysis permits
a plotting of a farm's evolution during a certaind period, while the comparative analysis allows
us to rank farms within a set of farms with simadiributes. The use of efficiency indicators has
been subject to some criticism such as: 1) effajendicators use average products based on
arithmetic means instead of marginal products, @panting problems in valuing inputs and
outputs, 3) the incapacity of these indicators it@ gufficient information in order to correct
errors committed in the farming system, 4) the carative analysis is only valid for farmers of
the same type and dimension, and 5) the compaoisorter-farm efficiency differences is only
possible when farms have the same production fameind face the same prices (Yotopoulos and
Lau, 1973).

The parametric approach evaluates technical effayi through the estimation of a
production frontier by statistical methods. Th#edence between the observed and the frontier
output is a measure of farms' technical efficienthie use of production frontiers has some of the
limitations referred to above, but they are ablé@gmtify the maximum possible level of output,
given a bundle of inputs. If the information aghike for the set of farms being evaluated is only a
time period which corresponds to a single crostiesgecthe methods available to evaluate
technical efficiency, based on the estimation gfreduction frontier, can be divided in two
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groups: 1) deterministic frontiers and 2) stoclwafstintiers (Farsund, Lovell and Schmidt, 1980).
If the information available is made for severahss, which corresponds to a panel of the data,
technical efficiency can be estimated in a moresisbent way than using cross-section methods.
The estimation methods available are an adaptafitiee panel data estimation procedures to the
frontier case and are: 1) within estimator, 2) geliwed least squares, and 3) maximum likelihood
methods (Schmidt and Sickles, 1984). The besnhattin method depends on the properties of
the data and on the assumptions that the reseaschiiing to make.

The nonparametric approach, also referred to @ literature as data envelopment
analysis (DEA models), was first developed by &lhend is based on the construction of a free
disposal convex hull of observed input-output stigsing linear programming techniques. The
convex hull is based on a subset of the samplendigms with the rest of the sample
observations lying above it. Later, Fare, GrosEkog Lovell (1985) extended the nonparametric
approach developed by Farrell, through the relaratif the technology considered to include
scale and strong and weak disposability propedieswvell as considering the evaluation of
efficiency based on inputs, outputs or input-oufguaph) measures.

The nonparametric approach has the advantaget @nposing any functional form on
the data, and being easy to generalize the singfgibto single input, to multiple outputs and
multiple inputs evaluation of technical efficiencyt is appealing for the study of efficiency in
those situations in which it is impossible to vizea functional form and non-commensurate
inputs and outputs are present, and has beenyarged to study the efficiency of operations of
non-profit organizations. The disadvantages aee dinsceptibility of the frontier to extreme
observations and measurement error, and the naierge of statistical properties of the
estimated measures of efficiency. Technical fficy estimated by the nonparametric methods
tend to show higher efficiency levels than estimiafeom parametric methods because
nonparametric methods build a piecewise lineattieoand parametric methods a smooth frontier
(Neff, Garcia and Nelson, 1994).

5.3- PARAMETRIC APPROACH
The parametric approach to studying technical ciefiicy comprises two basic
approaches, depending on the dimensions of the adatitable. If the time dimension is not

available, cross-section methods have to be uHethe time dimension is available, panel data
methods may be used, taking all the advantagepdnai data are able to offer.
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5.3.1 - Cross-Section M ethods

Cross-section methods have been largely useditoads technical efficiency, first using
a deterministic approach to characterize the momlu frontier, assuming or not a particular
distribution for the one-sided error term that de§ technical efficiency, and second using a
stochastic approach after the work by Aigner, Lbesld Schmidt (1977), which specified a
stochastic frontier.

5.3.1.1- DETERMINISTIC FRONTIERS

Parametric frontiers were developed in order terceme some of the limitations
imposed by Farrell's measure of technical effigiend@he development of this approach was
based on the specification of a functional formtfa production function, the requirement that
all observations should be on or beneath the #pmind the relaxation of the constant returns to
scale assumption of the Farrell method. The détéstic frontier can be written as

y,=f(x;:8)exp(-u; ) j= 12,.,32
whichisequalto 5.1

Iny,=In[ f(x;;8)]-u;4

for the Cobb-Douglas production function. Thésythe possible production level for the j sample
producer, f (¥ B) is a suitable functional form of a vectgrot N inputs and a vector of unknown
parametersf, y is a one-sided random variable associated witm fipecific factors that
contribute to a specific producer not reachingrttaximum level of production, and J represents
the number of firms or producers in the cross-eacdample. The one-sided error term u
associated with technical efficiency forces ¥ (x;; ), which means that the observed production
is bounded above by f;(8).

This model was first developed by Aigner and ChA68) who suggested that the
parameter vector could be estimated using eitimeati or quadratic programming techniques.
The objective function was to minimize the sumtaf absolute values of residuals or the sum of
squared residuals values, and can be expressad Byllowing programming problem
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J
min > [ y;-(Byxo* B, % 1+ it B, % )] 5
=1

subjectto 6
ﬁ0m+ﬁlXJ 1+,---,+,éann2y]- J= 1,2,-..,\].7

The advantage of this technique was the abilitycharacterize frontier technology in a
mathematical form and to relax the constant retumscale of Farrell's imposition. The
disadvantages are the imposition of the numbearofig that are technically efficient, the fact that
the frontier is extremely sensitive to outliers dngse it is based on a sample subset, and that the
parameter estimates produced do not have statigtioperties because no assumptions were
made about the regressors or the disturbance.

Following a suggestion by Aigner and Chu (1968} tsome output observations could
lie above the estimated frontier, Timmer (1970) aleped what was called the probabilistic
frontier using linear programming techniques. Huothor assumed that the production frontier
was of Cobb-Douglas type, expressed in equation WwHich could be estimated by a
minimization of the linear sum of residuals, asswghat all yare non negative. Timmer (1970)
showed that this estimation was equivalent to sglte following linear programming model

min B xo+ B, vt B %8
subjectto 9

,@0x0+[§’1x,- l+,...,+,énx,-n2yj j=12...,J3,10

wherex, is the mean of the sum of,xand ¥ is the constant term. Timmer's frontier was calle
probabilistic, because some specific proportiothef observations was allowed to lie above the
frontier to take outliers into account, althouglis tfeature lacked any statistical or economic
rationale (Batesse, 1992). Later, Schmidt (19%6yqd that the Aigner and Chu (1968), and
Timmer (1970) frontiers were equivalent to maximiikelihood frontiers, with errors showing an
exponential and half-normal distribution respedyivdn both models, the constraint permits that
estimated output must equal or be greater thamadb®utput and the producers that satisfy the
equality are 100 percent efficient, while for ththess the ratio between observeg) @gnd
estimated output (yis a measure of technical efficiency.
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The deterministic parametric frontier can be estad statistically, if some assumptions
are made about the regressors and the disturbaAssuming that uare independent and
identically distributed and xare exogenous, the distribution gf aan be specified. In this
situation, maximum likelihood technique can be useéstimate the frontier parameters. Several
distributions were assumed fof, such as the two parameter beta (Afriat, 1972nnga
(Richmond, 1974), exponential and half-normal (Sdyml976), and a gamma distribution
(Green, 1980) . There are no a priori argumentsis® any particular distribution, because
maximum likelihood estimators depend on the assudigtdbution. The maximum likelihood
technique violates one of the regularity conditiomgoked to prove the general theorem that
maximum likelihood estimates are consistent andnpgytically efficient, namely that the range
of the random variable should not depend on tharpeters (Schmidt, 1985). An alternative
method of estimation, called corrected ordinargtisguares (COLS), was proposed by Richmond
(1974). This method is based on the fact thatnargli least squares are best linear unbiased
estimates except for the constant term, and Gr&880] showed that the correction of the
constant term, by shifting the frontier until ngidual is positive, provides a consistent estimator
of By , given that pare independent and identically distributed.

5.3.1.2- STOCHASTICFRONTIERS

Stochastic frontiers were developed in order tercame the fact that in deterministic
frontiers all variation in farm performance is itited to technical efficiency. However, in the
real world, a farm's performance is affected by sets of factors, one set entirely outside its
control and the other set under its control. Téieo$ factors outside farm control such as luck,
weather conditions, machine performance, topograjpiput supply, and errors of observations
and measurement do not contribute to inefficiemgyile the set of factors under a farm's control,
such as the will and effort of the producer and dnigployees, are the ones that cause farm
inefficiency.

The arguments described above lie behind the astichfrontier model developed by
Aigner, Lovell and Schmidt (1977), and Meeusen Brakck (1977). The basic idea behind their
model is that the error term is composed of twdspdr) a symmetric component which allows
random variation across farms and captures theteftd measurement errors and random shocks
outside a farm's control, and 2) a one-sided coeworrror which captures the effects of
inefficiency relative to the stochastic frontier.

The stochastic frontier model may be written as

81



Yi=f(x;:8)exp ) j=12,.,311

which is equal to

Iny;=In[ f(X;;8)]+v;-u; u;2012

for the Cobb-Douglas production frontier, where tbgor term y assumes a Symmetric
distribution to capture the random effects of measent errors and exogenous shocks, while the
error term passumes a one-sided distribution and measuresi¢atimefficiency, and technical
inefficiency is measured by the ratio

Y

i=1,2,.,3.13
[ f(x;;8)+v]

Assuming specific probability distributions fgrand y that y and yare independent, and that x

IS exogenous, the production frontier can be estichaither by the method of maximum
likelihood or by corrected ordinary least squard$e estimated parameters are consistent and
asymptotically efficient. The distributions assuhfer the one-sided error termhave been half-
normal (Aigner, Lovell and Schmidt, 1977), trunchteormal (Stevenson 1980), exponential
(Meeusen and Van Broeck, 1977), and gamma (Gr&8®)1 There is a difference between the
distribution proposed by Aigner, Lovell and Schm({@®77) and Stevenson (1980). The former
assumed that the mode of the error term u was égjzalo, while Stevenson (1980) assumed that
the mode was different from zero. The reasonsriyidg the Stevenson formulation were that
the factors related to managerial efficiency suctha degree of educational training, intelligence
and persuasiveness do not decrease monotonicalhcfeasing levels of inefficiency.

Maximum likelihood frontier estimates are based tbe maximization of the log
likelihood function, subject to the assumption ttieg disturbances have a specified distribution,
while corrected least squares estimates a corr@gtiedm the higher moments of the error term
estimated by ordinary least squares. Assumingthiieasymmetric component kias a normal
distribution (0,6,%) and the one sided disturbance is derived framoranal distribution (0Og,?)
truncated above zero, the error density function\( - u) is
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f(_)=§¢(§j[ 1-¢(£ A g'l)] -o<e<+ w14

where 6?= 6,2+ 62, A= oo, , and® and¢ are the standard normal density and distribution
functions respectively (Aigner, Lovell and Schmit#77). The mean and error variance afe
equal to

V2
Jr

V()= V(U)+V(v)= (n- %j o2+ 0?16

E(¢)=EU)=-—=0,15

and the log-likelihood function for a sample ofbkervations can be written as

\/E J 1
)= Ne -1 - ‘ £ | 2
n_(YIBA0")=3In"=+3ng +j;|n[1 o(e,10)] 201_];(9117

Using the alternative procedure to estimate ttuelymtion frontier, corrected ordinary
least squares, only the intercept needs to beateddy the mean value of uin this case, the
constant term is corrected by the derivation ofgaeameters of;drom its higher-order central
moments, based on ordinary least squares residllaésconsistent estimator [&f is

Bo= 3, -0u\|~ 18

7

ando2 andos,2 can be consistently estimated using the ordileast square residuals e

o | NTT m =1 -
Ou—
2 \ -4 N
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where ¢ and ¢ are the second and third central moments ofuatsd

The mean of the error is a measure of averagaitathefficiency for the sample of
observations being studied. Individual levelseathinical efficiency are derived for both cases by
Jondrow et al. (1982) and equal to the mean ofohelitional distribution of u gives

_ ®(eAla) (€A
E(u|£)—o{ l-p(eAl o) [ o HZl

whereo:? = ¢6,20,2/02.

The deterministic parametric frontier estimateddigner and Chu (1968) or by Timmer
(1970) programming approaches, estimates a besigerdrontier because of their non-statistical
nature, that is without assuming any particulatrithistion for the one-sided error, and yielding
100 percent efficient observations. The determiinistatistical and the stochastic approach
estimate an absolute frontier; that is, an exptigtribution is assumed for the one-sided error,
and the observed frontier production values are tban the corresponding frontier values
(Farsund, Lovell and Schmidt, 1980, and Bate@2)1

5.3.2 - Panel Data M ethods

Panel data has general advantages over crossrséetia such as: panel data increases
the degrees of freedom and reduces collinearityngntioe explanatory variables, increases the
number of economic questions that can be analyretiallows the study of the dynamics of the
individuals (Hsiao, 1986). Regarding the studyechnical efficiency, the specific advantages are
that the use of panel data avoids some of the gmubbf cross-section estimation of efficiency
which are discussed below, and can incorporatati@ms in efficiency through time (Pitt and
Lee, 1981).

Schmidt and Sickles (1984) state that the singlssesection stochastic frontier models
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have three major difficulties: 1) problems relatedonsistency of the level of technical efficiency
estimated for each firm, because the error termagm statistical noise as well as technical
inefficiency, 2) the separation of technical effiaty from statistical noise demands assumptions
about the distribution of technical inefficiencydait is not clear how robust are the results
regarding those assumptions, and 3) technicalidiefity may be or not independent of the
regressors. A panel data of J observations om@& periods allows the avoidance of the three
major limitations stated above for cross-sectiopcanise inefficiency can be consistently
estimated as T- o, strong distributional assumptions are avoidabte veell as the
uncorrelatedness between technical inefficiencythadegressors.

Considering a single equation production functibthe following form

yo= f(xe:B)expt ™) j=1,., t=1,.T22

whichisequalto 5.2

Iny, =In[ f(x;;B)]+vj-u;.24

for the Cobb-Douglas production function, wherepresents firms or producers, t time periods,
Xi is a vector of N inputs, iis output for a given firm, and, are independent of;;assuming that
producers maximize expected profits (Zellner, Kraegmid Dreze, 1966). The above model fits
the panel data literature framework with a firmeeffy and no time effect. The are the firm
effects that represent technical efficiency andsegunently & 0.

The principal methods available to estimate thevalequation and technical efficiency
with panel data are the within estimator, genegdlizeast squares and maximum likelihood
techniques. Each of these methods embodies & assumptions regarding the firm effects and
the regressors, and the properties of the estimatitirdepend on these assumptions as well as on
the size of the sample in its two dimensions JTand

5.3.2.1- WITHIN ESTIMATOR
The within estimator, also called the dummy vdadbast squares estimator, treats the
individual effects pas fixed, and can be estimated using dummy vasabk the within

transformation. In the first case, a separatedats for each firm is estimated and this is dope b
adding J dummy variables, one for each firm, ceraltively, by keeping the constant term and
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adding J-1 dummies. The within transformation @iasof expressing all data in terms of the
deviations from each firm's mean and then applyirdjnary least squares on the transformed
data. In this case the firm intercepts can beverea as the means of the residuals by firm. The
advantage of the dummy variable is that it allowsaiobtain standard errors for all parameters of
the model and consequently for the firm effegts owever, to avoid the dummy variable trap,
the number of dummy variables has to be equaldmthmber of farms minus one, to eliminate
perfect collinearity and singularity of the matixregressors (Judge et al., 1985).

The main advantage of the within estimator is tthat consistency of the estimated
parameters does not depend on the uncorrelatedhéss regressors and the individual effects
and on the distribution of the effects, becauseetits them as fixed. The consistency of the
estimated parametef$ requires either J or T» o, while consistency of firm individual
parameters;urequire T— . The disadvantage of the within estimator is thgtessors that are
invariant over time cannot be included in the mptheugh they vary across firms. To relax this
constraint, assumptions about the uncorrelatedsfabe regressors and firm effects and about the
distribution of the effects have to be made, ugieigeralized least squares or maximum likelihood
estimators (Schmidt and Sickles, 1984).

The estimatedyare firm specific measures of technical efficiencyhe effects can be
normalized, assuming & O for the frontier case, and were defined by Sdhiamd Sickles (1984)
as

Uj:max(aj)'aj 5.3

For the most efficient firm,;& 0, and relative measures of technical efficiesneygiven by'é*j.

5.3.2.2- GENERALIZED LEAST SQUARES

Generalized least squares treats the individdiettsfy as random and uncorrelated with

the regressors, and this corresponds to the variamoponents model of the panel data literature.
Consistent estimation of the regressors, assuithiagrealistic case in which the covariance
matrix is unknown, requires 3 . However, if the individual effects are correltwith the

regressors, the estimates of the regressors asedband inconsistent even if the covariance
matrix is known, excepting when J and-T o, in which within and generalized least squares
converge (Seale, 1990). Mundlak (1978) showed ith#étte effects and the regressors are
correlated, generalized least squares are sinailéne ‘within estimator', whether the effects are

86



random or fixed. Only when the effects are randomh uncorrelated with the regressors and the
covariance matrix is known, is generalized leagasgs more efficient than the ‘within estimator'.
The advantage of the generalized least squatke igossibility of including regressors that are
invariant over time but vary between individualgyovups of individuals.

The individual firm random effects can be estimated from the residuals as

L _1g
G;==D &x 5.4

T

.

5’5(Z€jt)
Po— t=1
U= — 5, = 5.5

LT g+ 62

where the first formula was proposed by Schmidt Giottles (1984), the second by Judge et al.
(1985), and equation 5.2 normalizes the randonctsffeonsidering that; @ O for the frontier
case.

5.3.2.3 MAXIMUM LIKELIHOOD

To estimate the panel frontier model by maximukelinood techniques, distributional
assumptions must be specified fqramd y. Generally, y is assumed to be normal and
independent of juwhile y is assumed to be half-normal, although other idigions can be
considered such as truncated normal, gamma anchexial, but with additional computational
costs. For a half-normal distribution gfthie log-likelihood function was first derived bittRand
Lee (1981) and is equal to
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whereg is the standard normal distribution,and x are output and input matrices, an@nadx;

are the sample means of y and x for the j unit. THvels of technical efficiency;can be
estimated either by equations 5.3 to 5.5 (SealQ)18r by the method proposed by Batesse and
Coelli (1988), based on the conditional expectatbmny given the maximum likelihood errors,
and expressed by the following formula

1-plo-(u;/0o)]
1-¢(-u; /0)

1
TEi:E(eXp('Uj)lEj:ej):( ]exp(-uj+2 2). 5.7
g

Similar to generalized least squares, maximuntiiked methods are more efficient than
within only when individual effects are uncorrethtgith the regressors and have the advantage of
allowing time invariant regressors.

All the methods described above considered tledinieal efficiency is time invariant;
however, depending on the data available, thatihgsson may prove to be unrealistic for many
potential applications (Cornwell, Schmidt and Seskl1990). In the next section we look at
different forms of relaxing this assumption.
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5.3.3- Time Varying Technical Efficiency

The models referred to above to estimate techeitiaiency in the context of a panel of
data assumed that technical efficiency does ngtaear time. Several authors such as Cornwell,
Schmidt and Sickles (1990), Kumbhakar (1990), Batesd Coelli (1992), and Lee and Schmidt
(1993) proposed different forms of relaxing thagumsption and of obtaining estimates of time-

varying levels of technical efficiency.

Cornwell, Schmidt and Sickles (1990) relaxed tbsuaption of time invariant technical
efficiency by replacing the firm effectghy a quadratic function of time with parameteis trary

over firms, expressed by the following equation

up=6;1+6,2t+4;3>. 5.8

In this specification, the fact that output levelary over firms and time allows also for
productivity growth to vary over firms and time.o EBstimate this model the authors proposed
either the within estimator or generalized leastasgs corrected for the expressed in equation
5.8. The time varying levels of technical effiaigrny, are obtained regressing the residuaisxy

B), which are an estimate ofj:fy;), on the quadratic function of time expressedgnation 5.8.
The levels of technical efficiency are derived ifashion similar to the one described in equations
5.3and 5.4.

A more flexible model was established by Kumbhgk&90), in which it was assumed

that the non-negative firm effectg were the product of the time-invariant firm effectand a
deterministic function of time(t), which was assumed to be equal to

yO)= [ 1+exp(bt+ct’)]™

where b and c are parameters that ali@ty to vary between 0 and 1 and to be monotone-
decreasing (or increasing) or convex (or concaVbg production frontier associated with the
error structure described has to be estimatedstengdly with maximum likelihood techniques.
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Batesse and Coelli (1992) proposed a rigid parnization of technical efficiency in
which time varying technical efficiency;,us the product of time invariant firm effectsamnd a
function of timey(t). The y shows a non-negative truncated normal distributubrie y(t) is
equal to

yO)=exp[ -n(t-T)]

wheren is a scalar. This parameterization is rigid beeaechnical efficiency must increase at a
decreasing rate)(> 0), remain constant) = 0), or decrease at an increasing rate Q), and the
method used is maximum likelihood.

The model developed by Lee and Schmidt (1993)nasdwa flexible form for technical
efficiency, in which y = 6, §;, whered, are the parameters to be estimated,6aondn have several
components. This model is nonlinear and can benasd by the minimization of a criterion
function, assuming either fixed or random individeffects.

Time varying technical efficiency is an appealisgumption when a sufficient number of
time periods for the data being analyzed is aviglabHowever, with the exception of the last
methodology, the additional assumptions made taribesthe variation of technical efficiency
over time as well as the complexity of the estioratprocedures necessary to consider time
varying technical efficiency, constrains to a derextent the advantage of having time varying
technical efficiency.

5.4 - NONPARAMETRIC APPROACH

The non-parametric approach to measure efficieleparts from the definition of Farrell

(1957) of efficiency which was extended later byer-dsrosskopf and Lovell (1985 and 1994).
This approach of measuring efficiency is basedhendefinition of a piecewise technology and
the efficiency measures of individual producersen@uated relative to the best practice frontier
constructed as a piecewise linear envelopmenteoddta generated by the set of all producers that
belong to a reference group. This is a radial omeasf efficiency because it is evaluated with
respect to the best practice frontier. Howevegfiftiency is evaluated against the efficient
subset of observations, the efficiency measureisradial and is called the Russel measure of
efficiency (Schmidt, 1978).

To measure efficiency using the nonparametric @gagr a definition of the technology
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that transforms input quantities into output gu#adihas to be made. The technology can be
defined in three different forms: input, output dangdut-output (graph) correspondences. These
different correspondences model the same technddoggmphasize different aspects of it. The
input correspondence models all input vectors el at least an output vector, thus modelling
input substitution. The output correspondence fsaalé output vectors that are obtainable from
an input vector modelling output substitution. Tdraph correspondence models all feasible
input-output vectors representing input and outgubstitution as well as input-output
transformations. If prices are available, thenitimithl characterizations of the technology can be
made regarding revenue and cost. Additional aspddhe technology can be taken into account
such as the scale of operations, diversificatioaabiities and disposability of input and outputs.
Depending on the data available, a given repretiemtaf the technology can be chosen to
measure efficiency (Fare, Grosskopf and Lovell 499

Considering the input correspondence that corsiolgiput as given, the piecewise linear
representation of a given technology for a refezegroup of J producers, M outputs (Y) and N
inputs (X), assuming constant returns to scal@adiability of inputs and nonnegative amounts of
inputs and outputs, can be defined as

J
ymsz Zj Yjm» M= 1,2,..M 37

=1

J
>z %y Sxe, N=1,2,..N 38

=1

where zare intensity variables that denote the interisitgls at which the input and output values
for each individual producer might be conductedoulgh the shrinkage or expansion of the
individual observed values of each producer, with objective of constructing unobserved but
feasible observations, thus facilitating the camgion of the segments of the piecewise linear
boundary of the technology.

Based on the above technology in which outpuivierg productive efficiency measures
evaluate for each individual producer where itsutmgector x is located in the input set. This
approach is referred to as input based (Féare, pEand Lovell, 1994) since inputs are the
choice variables and efficiency is measured agrteimum feasible shrinkage of an observed
input vector. If only input and output quantitiese available, then productive efficiency
measurement is limited to technical efficiency nmeas. Assuming constant returns to scale and
strong disposability of inputs, an overall techhiefficiency measure can be calculated for
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producer j as the solution of the following lingaogramming problem

OTE; (C,SF minA39
subjectto 40

J
y]msz Zj y]m , M= 112|M 5.9
I

J
Z Zj XjnS/] Xp Nn=12..,N,42
=1

220 | =12,.,J,43

where (C, S) represent constant returns to scalstaong disposability of inputs, aidneasures
the largest feasible contraction of the input $gtroducer j being evaluated. In order to evaluate
pure technical, scale, and congestion efficiencyvalt as to determine if a specific producer
exhibits constant, increasing or decreasing retiarssale, it is necessary to relax the assumptions
of constant returns to scale and strong disposabilinputs.

Considering that the technology satisfies nonemirey returns to scale and strong
disposability of inputs, then evaluation of thisasere of technical efficiency will be made by the
following linear programming problem

TE; (N,SF min 44
subjectto 45

J
y]mszZJ y]m ’ m= 1121--1M 3 510

=1

J
> i xp<Axp, N=12..,N 47

=1
J
=1

ZjZO, J =1,2,...,J,49

a relaxation of the scale properties to consideialike returns to scale leads to the following
linear programming problem
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TE; (V.S min A 50
subjecto51

J
y]mSZZJ y]m , M= 1121--)M ’ 5.11
I

J
> 2 XpSA X, N=12,..,N 53

=1

i Zj = 1,54
=1

z=20, j=12,.3,55

while the relaxation of strong input disposability weak input disposability associated with
variable returns to scale allows us to define asmesaof pure technical efficiency as the solution
of the following nonlinear programming problem

PTE; (VW)= min A 56
subjectto 57

J
y]mszZJ y]m ’ m= 1121--1M 3 512

=1

J
> 2 xp=0Axp, N=12,.,N,59

=1

J
> 7,=160
=1
O<o<lp6l

=20, ] =12,..J,62

which can be converted into a linear programmirabl@m by takings=1, without changing the
optimal values of. and z (Féare, Grosskopf and Lovell, 1994). Basedhe above technical
efficiency measures, scale efficiency is definedhasratio between overall technical efficiency
and variable returns to scale technical efficiency

SE = OTE (C, S)/ TRV, S)

and congestion efficiency as the ratio betweerabireturns to scale technical efficiency and
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pure technical efficiency
CE=TE(V,S)/PTHV, W).

A producer is scale efficient if OTE, S)=TE(V, S) or if it is equally efficient in terms
of overall technical efficiency and variable retito scale technical efficiency. If a producer is
scale inefficient (SE< 1), the source of scale inefficiency is duertor@asing returns to scale
when OTE(C, S) = TE(N, S) and due to decreasing returns to scale WeE(C, S) < TE(N,
S). If a producer is congestion inefficient, itpigssible to evaluate the input or subset of inputs
that determine congestion inefficiency. To dois@s necessary to evaluate technical efficiency
with a technology that satisfies variable retumsctale and consider the decomposition of the
input vector x into two subvectoré % (1, 2, ...,N) with strong disposability and"X = (N**?, ...,
N) with weak disposability, which corresponds te thvaluation of the following nonlinear
programming problem

TE; (V,S7)=min A 63
subjecto 64

J
meSZZJ y]m ,» M= 1121")M 165
I
J
ZZJ XJHSAXJn ' n=1,2,...,Na’ 513
=1

J
> 2iXn= 0 Axpn, N= N, N,67

=1

i ZJ = 1,68
=1

0<0<1,69
Zj = O, J =1,2,...,J ,70

and if TE(V, S) =TE(V, S"), the subvector* obstructs production.

The definition of overall technical efficiency ne@adbove and as demonstrated by Fare,
Grosskopf and Lovell (1994), can be decomposeithénfollowing three components

OTE =PTE. SE. CE,

a measure of pure technical efficiency, a measuseale efficiency and a measure of congestion
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efficiency. A producer is efficient (OTEL), if all three measures are equal to unity.

The nonradial Russel measure of technical effigiegvaluates efficiency regarding the
efficient subset of observations and this is ddimving for non-proportional reductions in each
input vector of a given producer, permitting thputvector to shrink to the efficient subset. This
measure can be evaluated by a linear programmipigpagh similar to the ones defined above,
but allowing for a specifia for each input and modifying the objective funotio be the average
value of the sum ¢f, evaluated for each producer. Assuming constamtnm®eto scale, the Russel
measure of technical efficiency can be expresseabéiollowing linear programming problem

1 .
RTE; (C)= N min >’ 4,71
n=1

subjectto 72

J
Yim< 2 2 Vi » M= 12,.,M ,73

=1
J
> 2 Xp= AnXpn» N=12,..,N 74
=

z;20, | =12,..,1.75

Since the Russel measure is evaluated relativhetcefficient subset, it yields the same result
when measured relative to a technology satisfyieglkwor strong disposability of inputs, thus
without need for a measure of congestion efficieneljile the variable returns to scale and
nonincreasing returns to scale measures, can bedémposing similar restrictions on theas

for the radial measures.

The advantages of the nonparametric approach &sume technical efficiency are the
non-imposition of a functional form to the techrglobeing evaluated, and the measures of
technical efficiency evaluated are independenhefunits used to define the inputs and outputs.
The disadvantages are measurement error and easiatification. The nonparametric approach
does not take into consideration an error term,ifamgéasurement error occurs the construction of
the frontier will be affected, and this error ismaserious when the measurement error occurs in
an efficient firm that lies on the frontier. Anethdisadvantage is the fact that the technical
efficiency measures do not have any statisticghetSchmidt, 1985).
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5.5- DATA AND METHODOL OGY

The panel data for the period 1987-1991 desciibb&hapter IV was utilized to evaluate
technical efficiency of Alentejan farming system$echnical efficiency levels were evaluated
using a parametric and a nonparametric approadr. b6th approaches the variables used to
estimate and measure technical efficiency were

OUT represents crop, livestock and other output;
LAN represents the rent of land,;

LAB represents total labour;

MAC represents all machinery costs;

CLC represents all crop and livestock costs.

General overhead costs which account for aroundodr®ent of total cost were impossible to
impute to each one of the inputs defined abovevasté excluded from the analysis. Output and
input quantities were obtained by deflating theeraie and cost values by respectively, the EC's
agricultural output and input price indices for tegal. Each of the variables defined above
(output or inputs) was the result of aggregatingss items using a weighted index. The weights
were the shares of each item in the value proaugbrbduct items or in each input costs for cost
items. Table 5.1 shows a summary of the data erditffierent variables considered, while in
Table 1 of appendix Il the output and input datadach farm by farming system and year is
shown.

For the parametric approach a Cobb-Douglas fumatiborm was chosen similar to
equation 5.1 and defined by the following expreassio

log(OUT )= By + B110g ( LAN; ) + B,109( LAB ) + B510g( MAC; )+ 8,109 (CLCy )-uj + vyt

where y is a random variable assumed to be independentantically distributed N(0g.?), and

u; have the properties described in 5.3.2 dependinthe estimation technique used. For each
estimation procedure individual levels of technigfficiency were derived using equations 5.4 for
within, 5.2 and 5.4 for generalized least squares56 for maximum likelihood estimator. The
Hausman-Taylor test was used to choose amongréne distimation alternatives available the best
model in accordance with the data characteristitaugman, 1978 and Hausman and Taylor,
1981).
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Table 5.1 - Summary Statistics for the VariablesdJim the Parametric and Nonparametric
Frontier (Average 1987-1991 for 100 Farms)

Variable Sample Mear Sample Standarg Minimum Maximum
Deviation Value Value
Output 4188 4466 184 40481
Land 196 221 3 1354
Labour 7855 7444 792 109440
Machinery 607 648 10 11371
Crop and Livestock 1048 1163 17 4850

With respect to the non-parametric approach, iddal overall, pure, scale and
congestion radial technical efficiency measureevesaluated for the aggregated data comprising
the five years considered. To derive these messofeefficiency the linear programming
problems expressed in equations 5.8 to 5.11 wekeedsdor each farm, meaning that the
efficiency measures evaluated are input based.

Five years of data were available, which is atinedly short period to consider changes in
technical efficiency over time, and consequentlyas assumed for both approaches that technical
efficiency was time invariant.

5.6-RESULTS

This sections starts with the results of the patdmand nonparametric approach, and
this is followed by the presentation of the comgami between both methodologies and ends with
the relationship between efficiency and farm charastics.

5.6.1 - Parametric Approach

The results for the Cobb-Douglas production femgstimated are presented in Table
5.2. The estimated coefficients show some varnatlepending on the estimation procedure,
although the results obtained by the generalizast lsquares and maximum likelihood techniques
are very similar. The inputs with higher producteasticities are labour, and crop and livestock,
inputs for the within estimation procedure and nrasty, and crop and livestock, inputs for
generalized least squares and maximum likelihodanigues. Returns to scale are close to 0.92,
thus in the decreasing returns to scale range,aatest performed to verify if the sum of
production elasticities was equal to one, showatlitrwas not significantly different from unity,
meaning that constant returns to scale is a rebBoressumption for the sample of farms
considered. The estimation method that explaingmbthe variation in the output (88 per cent)
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is the within, while generalized least squaredagnip the minimum (84 per cent).

Table 5.2 - Parametric Estimates of the Produdfiamction Frontier (1987-1991)

Parameter Ordinary Least Within Generalized Maximum
Squares Least Squares| Likelihood
Constant 2.126 1.805 2.367
(0.325) (0.400) (0.377)
Land 0.062 0.182 0.129 0.116
(0.031) (0.063) (0.040) (0.038)
Labour 0.079 0.278 0.179 0.190
(0.043) (0.062) (0.050) (0.038)
Machinery 0.359 0.118 0.238 0.242
(0.034) (0.051) (0.039) (0.038)
Crop and Livestock 0.409 0.345 0.386 0.378
(0.035) (0.053) (0.0412) (0.038)
o, 0.143 0.619
% 0.284 0.142 0.184 0.764
R? 0.70 0.88 0.84 0.84
Returns to Scale 0.909 0.923 0.932 0.926

standard errors in parenthesis
2this value is equal t6° =¢ +
® this value is equal tp= ¢ / 6°

LEVEL OF TECHNICAL EFFICIENCY
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Figure 5.3 - Parametric Individual Levels of TedahiEfficiency by Farming System

In Figure 5.3 and Table 2 of appendix Il, indiatldevels of technical efficiency are

shown for each farming system and estimation tegliby crescent order of the within results.
Although individual ranking and the magnitude o levels of technical efficiency are different
for the three methods, one can conclude that tiee thstimation techniques show a close pattern
regarding the individual levels of technical efficcy. This closeness is higher between the
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within and generalized least squares and betweeergezed least squares and maximum
likelihood estimates of technical efficiency (Pearscorrelation coefficients=rp=0.97), while
rp=0.94 between within and maximum likelihood. Hmer, analysing by farming system, the
within estimates of technical efficiency for the $gstem show a pattern that diverges slightly
more from the generalized and maximum likelihootinetes (rp=0.90) than when the same
estimates of technical efficiency are comparedtif@r other farming systems (rp>0.94). The
maximum likelihood technigue shows comparativelghler values for technical efficiency than
the generalized least squares and within estimatioite the within estimator shows the lower
values. With respect to individual ranking of tfaegms, one can conclude from Table 2 of
Appendix 2, that the ranking of the farms is almegtial between generalized least squares and
maximum likelihood estimators (Spearman correlatioafficient rs=0.99) and slightly different
between within and generalized and maximum lik@dhestimators (rs=0.98).

The average values for technical efficiency byniag system and estimation technique
shown in Figure 5.4 and Table 5.3 allow us to astelthat the IS and PLS farming systems have
on average higher levels of technical efficien@ntthe SIS and ES farming systems, while the IS
shows the highest and the ES the lowest average eltechnical efficiency. The most efficient
farms belong to the SIS and the least efficienhfato the ES farming systems. The differences
observed in the levels of technical efficiency ketw farming systems were statistically tested.
The analysis of variance and the nonparametric kato&/allis test were used to test the null
hypothesis that technical efficiency is independehthe farming system. The analysis of
variance test compares the within and among grauation of efficiency measures and the
Kruskal-Wallis test is a one way analysis of vac@based on ranks. The results of these two
tests show that technical efficiency is not indejegm of the farming system.

Table 5.3 - Parametric Average, Maximum and Minimiatues of Technical Efficiency and
Statistical Tests by Farming System

Farming System Within Generalized Least Squares ivlax Likelihood

Avg | Mw(| Min Avg | Mw(| Min Avg | Mw<| Min
ES 35.2 77.8 12.1 39.6 74.2 17.1 53.2 87.224.2
IS 54.2 92.1 19.6 59.2 97.4 22.8 72.9 92.7 2.13
PLS 43.5 86.3 17.2 49.2 98.2 20.6 62.4 92.8 294
SIS 39.5 100.0 17.6 45.4 100.0 19.7 58.0 93.2 28.5
All 42.2 47.4 60.7
Analysis of Variance (F) 4.01 (0.01) 4.21 0@®. 4.47 (0.01)
Kruskal-Wallis §?) 11.2 (0.01) 10.9 (0.01) 11.2 (0.01)

() Prob > F oy,
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Figure 5.4 - Parametric Average Levels of Techriidfitiency by Farming System

Regarding the distribution of the individual levalf technical efficiency by classes of
technical efficiency shown in Figure 5.5 and Tahk, the within and generalized least squares
techniques show a skewed distribution pattern tdsvdine lower efficiency classes, while the
maximum likelihood technigue shows an equilibratiétribution pattern similar to the normal.
These distribution patterns are confirmed by tlensless statistic, which takes the values of 0.77,
0.66 and -0.03 for the within, generalized leastasgs and maximum likelihood estimators
respectively. The variance observed in the threasures of technical efficiency was very similar
as expressed by the values of the standard deviatioveen 19.6 and 19.8.

Table 5.4 - Parametric Distribution of Farms bysSlaevels of Technical Efficiency

Classes of Efficiency Within GLS ML
0-50 67 60 35
51-70 22 25 27
71-90 9 12 33
90-100 2 3 5
Skewness Statistic 0.77 0.66 -0.03
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Figure 5.5 - Parametric Distribution of Farms ba<3l Levels of Efficiency

With the objective of selecting the best estimatoocedure, Table 5.5 shows the results
of the Hausman-Taylor test. The results show trdinary least squares as well as the
generalized least squares and maximum likelihodahigues were rejected when compared with
the within. This means that individual effects present, individual effects are correlated with
the regressors, and individual effects are notaandnd with a distribution N(®,). Thus the
best estimation technique is the within and indieidevels of technical efficiency evaluated by
the within estimator were chosen to be used latdra chapter.

Table 5.5 -Tests to Select the Best Estimation éttoe

Models | Null Hypothesis K | - Statistic | x%.s- Value | Decision
OLS / Withirf Bof = U.B 5.92 1.00 Reject H
GLS/Within Coru/x,=0 24.22 9.49 RejectgH
ML/Within Coru/x,=0and uN(Oc) 27.17 9.49 RejectH
?is an F test

The average values, ranking, distribution and bssmation technique obtained above
for the three estimation techniques of technicitiehcy are very similar with the ones obtained
in the studies undertaken by: Seale (1990) for rapka of floor tile manufactures in Egypt;
Cornwell, Schmidt and Sickles (1990) for a samdl&J8 airlines; and Dawson, Lingard and
Woodford (1991) for a sample of Philippines ricenfars. As shown above, the average values of
technical efficiency for the within are lower thBdL estimates of technical efficiency and this
result is similar to the ones obtained in the CalhvEchmidt and Sickles, and Dawson, Lingard
and Woodford studies, while in the Seale studyetienot enough evidence.
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The ranking of individual levels of technical eféncy for the three estimation techniques
was very similar, as demonstrated by the high wahi¢he correlation coefficients (rs > 0.97) and
similar results were obtained by the three studiestioned above, with Dawson, Lingard and
Woodford reporting an rs = 0.95. The distributidrthe levels of technical efficiency observed in
our estimates were skewed for the within and clogbe normal for the ML, and similar results
were obtained in the Dawson, Lingard and Woodftudys With respect to the selection of the
best estimation technique, the within estimator pragerred to the GLS and ML in our study and
the same conclusion was reached in the Seale an@damwell, Schmidt and Sickles studies,
while in the Dawson, Lingard and Woodford study Mie and within approaches were not tested.

However, these last authors considered that fiweeicy estimates of the stochastic model were
more appealing, because farms had survived ovee ({h®70-1984) which seemed to be
incompatible with the low estimates of efficien@ngrated by the within model.

5.6.2 - Nonparametric Approach

In this section efficiency is evaluated for thenpde of 100 farms considered, and each
farm's efficiency was assessed relative to theopmdnce of the other farms in the sample. Thus
this method yields a best practice frontier, noabsolute frontier, in which some farms must be
efficient, and if the sample is homogeneous, it dlve relative high efficiency ratings.

The results of the levels of technical efficiefiaythe nonparametric approach are shown
in Figure 5.6 and Table 3 of Appendix Il for thaufaneasures of efficiency evaluated, overall
technical, pure technical, scale and congestiogieficy. The results are ranked by crescent
order of overall technical efficiency and by fargnigystem. The comparison of the different
patterns displayed allows us to conclude that gaohnical efficiency increases as overall
technical efficiency increases, and that this i@hship is stronger for the IS farming system
rp=0.84). With respect to scale efficiency, thisraot a clear pattern of comparison with overall
technical efficiency as for pure technical effiaign However, the average rp of 0.56 allows us to
conclude that a positive association between thdstse and this association is stronger for IS
(rp=0.76) and lower for the SIS (rp=0.40) farmingtems. Congestion efficiency has a weak
positive association with overall efficiency (rp2B) and a negative association with pure
technical efficiency (rp=-0.21). The comparisonwsen scale and pure technical efficiency, as
well as congestion with scale efficiency, doessimw any significant comparative pattern.
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Figure 5.6 -Nonparametric Individual Levels of Effincy by Farming System

The average values of the four measures of dfftgieand the percentage of efficient
farms by farming system are presented in TableabdFigure 5.7. With the exception of scale
efficiency, the IS farming system shows the higheerage values regarding overall, pure and
congestion efficiency, 73.5, 89.6 and 96.3 per cesgpectively, while the PLS farming system
presents the highest average value for scale exffigi (86 per cent). However, the four farming
systems show similar average values for scale amgestion efficiency, around 84 and 94
percent respectively, meaning that the main diffees between the farming systems are observed
with respect to overall and pure technical efficien

The average values observed for overall techeitigiency show that it would have been
possible to reduce actual inputs by 42.8, 26.3,3hd 47.7 per cent for the ES, IS, PLS and SIS
farming systems respectively, whilst producing thteserved output. The main sources of
inefficiency are due to pure technical and scdieiecy. Pure technical efficiency contributes
more to the inefficiency observed for the ES, Plfsl &IS, while scale efficiency is more
important for the IS system. The average valuesdogestion efficiency of around 94 percent
show that its contribution to overall technicalffiéency is small.

The analysis of variance and the Kruskal-Wallstgeapplied to the four measures of
technical efficiency show that, for overall and @uechnical efficiency, the null hypothesis of
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independence between technical efficiency and faynsiystems can only be rejected with a
significance level of 10 per cent, meaning thas¢httvo measures of technical efficiency are not
strongly dependent on the farming system. The stsis applied to scale and congestion
efficiency allow us to conclude that these measaresndependent of the farming system.

Table 5.6 - Nonparametric Average Levels of Efficg, Percentage of Efficient Farms and
Statistical Tests by Farming System

Farming System Average Efficiency Percentage d€iEfit Farms
OTE | PTE | SCE | COE | OTE PTE SCE CQE
ES 57.2 75.7 81.5 93.0 71 393 71 4p4
IS 735 89.6 84.5 96.3 211632 211 474
PLS 62.7 77.4 86.0 924.1 22.237.0 259 481
SIS 55.3 71.1 85.3 92.9 115346 115 46.2
All 61.3 77.6 84.3 93.9 15.0 420 16.0 470
Analysis of Variance (F) 2.45 (0.06) 2.42 (0.00.43 (0.72) 0.34 (0.79)
Kruskal-Wallis §?) 6.83 (0.07) 6.18 (0.10) 1.31 (0.72) 0.87.94)

() Prob > F op?.
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Figure 5.7 - Nonparametric Average Levels of Effieiy by Farming System

Regarding the percentage of efficient farms, th8 Bnd IS farming system shows the
highest percentage and the ES and SIS systems thleolowest percentage of farms that are
overall and scale efficient, the IS farming sys&mws the highest percentage of farms that are
pure technically efficient (63 per cent), and altmiifty per cent of the farms are congestion
efficient in all farming systems. Almost 50 pentef the farms belonging to the four farming
systems are congestion efficient and 86 per cerd ha efficiency level greater than 90 percent,
meaning that the majority of the farms are congasificient and thus inputs are not in excess to
the point that output falls.
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The distribution of the farms by classes of effimy presented in Table 5.7 and Figure
5.8, shows that 41 percent of the farms have amathwechnical efficiency below 50 percent.
However, 49, 46 and 81 per cent of the farms hawe,scale and congestion efficiency levels
above 90 per cent respectively. Thus overall iefficy is skewed towards the lower levels of
efficiency, whereas pure technical, scale and csiimgeefficiency are skewed towards the higher
levels of efficiency, as can be demonstrated byskaesvness statistic of 0.22, -0.49, -1.05, -3.07.
As expected the variation in the levels of efficigexpressed by the standard deviation decrease
from 24.6 for OTE to 12.1 for COE.

Table 5.7 - Nonparametric Distribution of FarmsQigss of Efficiency

Classes of efficiency OTE PTE SCE COE
0-50 41 18 3 2
51-70 19 22 12 5
71-90 22 11 39 12
90-100 18 49 46 81
Skewness Statistic 0.22 -0.49 -1.05 -3.07
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Figure 5.8 - Nonparametric Distribution of Farmsigss Levels of Efficiency

The average levels of technical efficiency (OTE3plare much lower than the ones
measured by Byrnes, Fare, Grosskopf and Kraft (18&7a sample of lllinois grain farmers
(OTE=95.8), Weersink, Turvey and Godah (1990) forsaample of Ontario dairy farms
(OTE=91.8), and Neff, Garcia and Nelson (1994) dosample of Illinois grain farms (0.92).
Similar to our results, pure technical and scadfitiency were the majority sources of overall
technical inefficiency for the Weersink, Turvey a@wdah study, while scale and congestion
inefficiency were the major sources of inefficienicythe Byrnes, Féare, Grosskopf and Kraft
study.
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5.6.2.1- EFFICIENT USE OFINDIVIDUAL INPUTS

The overall technically inefficient farms (OTE<1je ones that are not located on the
frontier, have inputs, one or more, that are inesgc and act as a slack variable in the
programming technique used to evaluate technidaieafcy and it is possible to know those
inputs that are in excess for each inefficient fariithe first part of Table 5.8 summarizes by
farming system the percentage of farms with inghes are in excess. Globally, land is the input
that a higher percentage of inefficient farms havexcess (35 per cent), and crop and livestock
inputs are the ones which a lower percentage fficgient farms have in excess (3 percent). By
farming system, the inputs in excess are morefgignt in the case of: land for the IS and PLS
farming systems; labour for the ES and IS; mackirer the ES, IS and PLS; and crop and
livestock for the IS farming system. These ressitew that in general the IS farming system
shows a higher percentage of inefficient farms aitlexcess of inputs.

Table 5.8 - Percentage of inefficient Farms withcglInputs; and Average Shadow Price on
Farms where there is Binding Inputs

Farming Slack Inputs (% of Total Farms) Average ShadowdRaidnputs Constraints
System
Land | Labour| Machiner)} Cropl/Livesto¢k Land | Labour| Machiner)} Crop/Livestogk

ES 21.4 17.9 17.9 3.6 0.00256.00000 0.00075 0.00006
IS 63.2 105 15.8 105 0.00048.00000 0.00008 0.00074
PLS 37.0 3.7 14.8 0.0 0.00146.00000 0.00015 0.00027
SIS 26.9 0.0 7.7 0.0 0.00166.00000 0.00020 0.00010
ALL 35.0 8.0 14.0 3.0 0.001810.00000 0.00031 0.00024

When OTE was evaluated for all farms, some inputse scarce and constraining
production. For the constraining inputs, the skhagdce of each input restriction is a relative
measure of its scarcity and is defined as the &serén efficiency level that would be expected if
an additional unit of input was available. Theaset part of the Table 5.8 shows by farming
system the average shadow price for each inputredmisfor those farms in which the level of
input was constraining production. On average] larthe input able to generate higher increases
in the level of efficiency (0.00181 per unit of irthhy followed by machinery (0.00031) and by
crop and livestock (0.0024). Although labour ibilading constraint for some farms, the results
showed that its shadow price is very close to zex@aning that an increase in its use will not
result on a significant improvement in the levektffciency. By farming system, the inputs able
to generate larger increases in the levels ofieffay, if one more unit of it was available, were
land for the ES, PLS, and SIS, crop and livestoglitis for the IS, and machinery for the ES
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farming system.

Regarding the farms that are overall technicdfigient (OTE=1), they are located on the
estimated frontier, but this does not mean thatesonuts could not be slack for the efficient
farms (Piesse, Sartoriuos, Thirtle and Zyl, 199%4awever, with respect to the subset of efficient
farms analyzed (15 per cent of total), all areyffficient, meaning that none of the inputs is
acting as a slack variable and this result is aimo the one obtained by Piesse, Sartorius, €hirtl
and Zyl (1994) for a sample of South Africa farmswhich they found that only one of their
efficient farms was not fully efficient.

5.6.2.2- SOURCES OFSCALE AND CONGESTIONINEFFICIENCY

The nonparametric analysis allows us to assessotirees of scale inefficiency. If a firm
is scale efficient, it exhibits constant returnsstale (CRS), and if it is scale inefficient the
sources of inefficiency could be due to increaglR$) or decreasing (DRS) returns to scale. As
Byrnes, Fare, GrossKopf and Kraft (1987) state,sitwde inefficient farms are in the short run
outside the point of constant returns to scale ey can be at a profit-maximizing equilibrium
and technically efficient regarding pure and cotigasefficiency. Table 5.9 shows the
percentage of farms in each group by farming systéfhe evidence presented in Table 5.9
suggests that the main source of scale inefficidacyall farming systems is due to increasing
returns to scale (64 per cent), although the SiS8ifey system has around 31 per cent of the farms
with decreasing returns to scale. This resulinslar to that reported by Weersink, Turvey and
Godah (1990) in which the authors found that mastes inefficiency was due to IRS, but
different from that obtained by Byrnes, Fare, Gkop$ and Kraft (1987) in which most scale
inefficiency was due to DRS.

As reported later in Table 5.11, scale efficiemzyeases with farm size either expressed
in hectares or volume of sales. In order to reflaéesources of scale efficiency with farm size,
farms were classified by area and sales classehaagn in the second half of Table 5.9. The
results show that for small and medium farms thinsaurce of scale inefficiency is due to IRS.
For larger farms the main source of scale inefficjeis most due to DRS when farms are
classified by sales classes and due to IRS and (BR®st the same proportion) when farms are
classified by area classes. Among the farms sliip®IRS, the majority of them belong to the
larger farm size classes, 71.4 and 90.5 per cepeotively for area and sales classes. To reach
scale efficiency, the majority of the small and medfarms need to increase the size of their
operations, while some of the larger farms havint¢oease, and others to reduce, their size of
operations.
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Table 5.9 - Returns to Scale by Farming Systemaared Sales Classes
(Percentage of Farms)

ltem IRS CRS | DRS
By Farming System

ES 75.0 7.1 17.9
IS 57.9 21.1 21.1
PLS 63.0 22.2 14.8
SIS 57.7 115 30.8
ALL 64.0 15.0 21.0
By Area Classes

Small 70.0 23.3 6.7
Medium 73.0 16.2 10.8
Large 48.5 6.1 455
By Sales Classés

Small 90.0 6.7 3.3
Medium 82.9 14.3 29
Large 22.9 22.9 54.3

2. classes defined in Table 5.11

As noted above, congestion inefficiency is noinaportant feature of the sample of farms
analyzed. However, it is of interest to know thpdits that contribute to that inefficiency. This
was done for each congestion inefficient farm, bivieg the linear programming problem
expressed in equation 5.12 four times, considehiageach input shows weak disposability alone.
Then the results obtained are compared with(V[§) to evaluate the congestion inputs.
Regarding the congestion inefficient farms analyzled results shown in Table 5.10 allow us to
conclude that land is only congesting 26.9 peroétiiose farms, while for more than two thirds
of those farms labour, machinery and crop andtibgsinputs are in excess. By farming system,
land shows a relatively low percentage for theal®] labour for the SIS, farming systems. The
combination of inputs that are in excess for thmesdarm are presented in the second part of
Table 5.10. The most frequent congesting comlanat labour, machinery and livestock for
44.2 per cent of the farms, followed by machinargt arop and livestock inputs for 17.3 per cent
of the farms.
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Table 5.10 - Percentage of Congestion Ineffickarms by Congesting Inputs and More
Frequent Combinations of Congested Inputs

Farming Congestion Inputs Combination of Congested Inputs
System (% of Inefficient Farms) (% of Inefficient Farms)

Land | Labourl Machiner)l Crop/Livesto¢k LMC? | MC? | TLC? | TMC? | Other
ES 35.7 78.6 78.6 92.9 50.0 14.3 143 71 714
IS 10.0 80.0 70.0 90.0 40.0 20.0 20.0 00 .02
PLS 28.6 78.6 78.6 92.9 50.0 14.3 21.4 71 .2 7
SIS 28.6 50.0 92.9 92.9 35.7 21.4 0.0 286 431
ALL 26.9 71.2 80.8 92.3 44.2 17.3 135 115 135

aT. Land, L - Labour, M - Machinery and C - Cropdrivestock.

5.6.3 - COMPARISON BETWEEN PARAMETRIC AND NONPARAMETRIC METHODS

A comparison of individual levels of technical ieincy of the within estimator
(parametric method) with overall technical effiaign(nonparametric method) is undertaken in
Figure 5.9, while the same comparison of the ilial rankings of the farms is shown in Table 3
of Appendix Il. This shows that in general the mwead value of efficiency is higher for the
nonparametric approach (average = 61.3 %) when adwith the parametric approach (within
average = 42.2 %), but with a similar pattern réuey the relative value of technical efficiency
and ranking of farms when measured by the rp=0086rs=0.89 coefficients. Both measures of
technical efficiency are closer for the PLS and fai$ning systems, where the rp coefficient is
equal to 0.91 and 0.92 and the rs coefficient isaktp 0.94 and 0.92 respectively, and diverge
slightly for the ES and IS farming systems, whéwe fp coefficient is 0.78 and 0.81 and the rs
coefficient is 0.84 and 0.77 respectively. As shd&fore, the distribution of the within and OTE
values are both skewed towards the lower levetsfmiency (skewness statistic equal to 0.77 and
0.22 respectively).
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Figure 5.9 - Comparison of Individual Levels ofiEi#ncy for Within and OTE
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A comparison between within and the Timmer prdisgic model for a panel of data of

British farmers was made by Dawson (1985). Thda@ualso concluded that the efficiency
estimates from the parametric procedure (50.0 % \Waver than those from the nonparametric
measures (96.0 %). However, he obtained a loweelation coefficient between those measures
(0.69) than in the present study, and the variamedficiency was higher for the parametric case.
Although it had higher spread of efficiency ratingse author concluded that the preferred
measure was the within estimator because it isulgject to the management bias that is inherent
to the probabilistic model.

A comparison between parametric and nonparameieihods was also made by Neff,
Garcia and Nelson (1994), but the authors useds@egtion data for different years. The
methods compared were two radial nonparametricglésimutput and multiple output), a
deterministic and a stochastic parametric frontieimilar to our findings, the authors also
concluded that nonparametric methods tend to shighehaverage efficiency measures than the
parametric methods and pointed out that a sigmificgason for this is that nonparametric analysis
constructs a different frontier for each farm, whis piecewise linear and not smooth as in the
parametric case. The correlation values betweentwo parametric (0.92) and the two
nonparametric methods (0.97) were high, but theretaiions between parametric and
nonparametric methods ranged from 0.37 to 0.7@sdleorrelation coefficient are similar to ours
regarding the comparison of the parametric methmatsmuch lower for the comparison between
parametric and nonparametric methods. Howevernwhe authors discarded the observations
with a difference of efficiency of 10 percent betrngparametric and nonparametric methods and
with efficiency equal to one in the nonparametritimads, the correlation between parametric and
nonparametric methods increased substantially @@ to 0.72 and from 0.60 to 0.85.

A formal test to choose between the parametricremgharametric methods of estimating
efficiency has not been presented in the literatiia¢ has compared both approaches. Banker,
Charnes, Cooper and Maindiratta (1988), using aulaiion to compare parametric and
nonparametric estimates of a translog frontiernébthat the nonparametric model was almost
perfect in classifying the observations that wehhically and scale efficient and consequently
that it was superior to the parametric method. sTdunclusion applied here would lead us to
choose the nonparametric method used to measure PJIE, SCE and COE. However, when
some authors make comparisons between methodsteéhdyto prefer the ones that show a
narrower range in the efficiency levels, which aggblto our case would lead us to choose the
parametric method within. As Neff, Garcia and NMal$1994) point out, considerable care must
be taken in using efficiency measures becausebig@de level, distribution and relative ranking
of farm efficiency are systematically influenced the method employed. With the objective of
relating farm characteristics with efficiency levelve decided to use both approaches as a valid

11C



measure of efficiency in the next section.

5.6.4 - Technical Efficiency and Farm Characteristics

Most of the literature studying farm efficiency to relate the measures of efficiency
with farm characteristics such as: family size, ,aggtrepreneurial skills, experience, size,
fragmentation, irrigation, ownership, use of modeuts, distance from urban areas, extension,
confidence in technology, off-farm work, credit alatation. In general the relationship is
expected to be positive for family size, educatimmedit, experience and extension, and negative
for age and fragmentation, while regarding sizertdsilts obtained have varied from a negative
relationship to a positive one as will be showrohel

The measures of technical efficiency evaluatetha last two sections allowed us to
conclude that overall technical efficiency (withim OTE) is not independent of the farming
system to which each farm belongs. The objectifekis section are: 1) to relate efficiency with
the growth and size measures derived in the latibseof the previous chapter where the process
of farm growth was analyzed and with farm size egped in area and volume of sales, and 2) to
analyze the relationship between technical effwjenvith other farm attributes, such as
experience, land ownership, irrigation, labour abtaristics, livestock and output specialization.
To accomplish this last objective, farms were dididnto groups and the analysis of variance and
Kruskal-Wallis tests referred to above were usedidnfy the null hypothesis that technical
efficiency and the attribute considered are inddpah

5.6.4.1- TECHNICAL EFFICIENCY, FARM GROWTH AND FARM SIZE

This section is divided into two parts: the fipsirt relates efficiency with the farm growth
and size measures derived in section 4.5, whilesdwond part relates efficiency with two
measures of size, the area and the volume of salesanalyze the relationship between the
process of farm growth and efficiency, a correlatimalysis was performed between individual
levels of technical efficiency and the individuabgth rates and size measures derived in section
4.5 for total product, capital, labour and livegtod he correlation coefficients between efficiency
and the growth rates were not significantly différrom zero, meaning that there is a neutral
relationship between the technical efficiency mess\within, OTE, PTE, SCE, COE) and the
growth rates for total product, capital, labour #nestock.

Regarding the relationship between efficiency #redsize measures derived in section
4.5 the following conclusions were derived: 1) &ifyee association was found between within,
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OTE and SCE efficiency measures and the size meéautotal product (and this result will be
confirmed below by the analysis of variance andsKalrWallis statistical tests performed for
other measures of size such as the volume of aalksarea) meaning that efficiency increases
with farm size, and 2) a negative association vimeiwved between COE and the size measure of
total labour, and between OTE and the size meaduosal livestock.

A relationship between the levels of efficiencydagrowth rates was not found for the
variables analyzed in section 4.5. However, fdalt@roduct, when both size and growth
measures are included as explanatory variablesffaiency, the results obtained were the

following:
Within = 52.592 + 22.390 GRPB + 8.541 SIPB 2=R).1998
(18.96)  (2.063) (4.883)
OTE = 66.757 + 10.377 GRPB + 4.528 SIPB R? = 0.0359,
(17.62)  (0.700) (1.895)

where GRPB and SIPB are the measures of growttsiaador total product derived in section
4.5. A positive and significant relationship betwethe within efficiency measure and the size
and growth rate measures was found. This resutioimection with the correlation analysis
referred to above, allows us to conclude that amhen the farms have the same size, are
efficiency and the growth rate positively relategtaning that for the same size, the more efficient
farms are the ones that have a greater growth rate.

To measure the relationship between technicatieffty and size, farm size was
expressed both in terms of hectares and in thenehf sales, and farms were divided into three
groups: small, medium and large. The results ptedan Table 5.11 show that overall technical
efficiency is dependent on farm size, either imeof hectares or volume of sales, although for
the size measure expressed in hectares and thia aéimator the relationship is only significant
at 0.15 per cent level. When the size is expressbdctares, technical efficiency decreases with
farm size for the OTE, PTE and COE measures ard ridationship is significant. Scale
efficiency, although increasing with farm size & significant.

Regarding size expressed in volume of sales, edlsares of efficiency increase as the
volume of sales increase with the exception of C®tewever, only the within, OTE and SCE
measures are dependent on the volume of salesjngdahat farms have to increase their sales
volume to improve their overall efficiency leveldareach the optimal scale of operations. This
result means that larger farms can on average peothore output than smaller farms from a
given amount of input.
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Table 5.11 - Statistical Tests of the Associatietween Efficiency Measures and Farm Size

Size (Hectare8) Size (Volume of Sale$)
Group

within | OTE | PTE | SCE| COE| withih OTE | PTE | SCE| COE

IAverage Values

1 44.9 70.6 87.1 81.6 97.8 311 54.7 78.9 715 96.1
2 45.0 64.6 79.8 83.8 954 41.8 59.2 72.1 87.9 op.7
3 36.5 49.1 66.6 87.1 88.6 52.1 68.9 82.0 915 9B.3

Statistical Tests

IAnalysis of Variance (F) 202 7.3 6.8 0.98 5.37 10.9 2.99 1.61 20.1 0.69
(0.14) (0.00) (0.00) (0.38) (0.01) (0.00) (0.05) (0.20) (0.00) (0.50)

Kruskal-Wallis Qz) 4.50 12.4 9.47 0.40 16.4 20.4 6.92 3.91 24.7 2.57
(0.10) (0.00) (0.01) (0.81) (0.00) (0.00) (0.03) (0.14) (0.00) (0.27)

#Group 1: <50 Ha. Group 2:51-200 Ha. Gr8up201 Ha..
b Group 1: Sales < 3600 Escudos Group 2: Salel-8600 Escudos Group 3:Sales >7501 Escudos.

() Prob > F oy,

The above results showed that overall technid&ierficy is not neutral to size when size
is expressed in hectares or volume of sales. WBhens expressed in physical input units, small
farms are more efficient than larger ones, andethresults are similar to those obtained by
Grabowski, Kraft, Pasurka and Aly (1990) for Southilinois grain farmers using cross-section
data and a stochastic frontier, while the paneh dtitidy by Dawson (1985), the cross-section
studies by Bravo-Ureta and Rieger (1991) for Nevgl&md dairy farms using a stochastic
frontier, and the nonparametric study by Weersinkyey and Godah (1990), showed a positive
relationship.

When size is expressed through an output measffi@ency increases with farm size,
and similar results were obtained by Machado (1893)cross-section study of Portuguese farms
from the Northeast and Central regions using ehsst@ frontier, and Kalaitzandonakes, Wu and
Ma (1992) for a sample of Missouri farms using patiic and nonparametric methods, while
Grabowski, Kraft, Pasurka and Aly (1990) found gative relationship. A set of other studies
such as the nonparametric approach by Byrnes, Eiosskopf and Kraft (1987), the Bravo-
Ureta (1986) cross-section analysis of New Engtiaid/ farms using a probabilistic frontier, and
the Kalirajan (1991) study of Indian farms and Bmavo-Ureta and Evenson (1994) peasant
farmers study in Paraguay, both using cross-sectada and a stochastic frontier, found that
technical efficiency was neutral to size.

Some authors, such as Van de Broek (1988) foraleBelgian manufacturing industries
and Machado (1993), extended the analysis betwHieiercy and farm size and estimated a
measure of size elasticity of efficiency. Thetetl efficiency and value added through a power
function and found a positive relationship. Thenested size elasticity of efficiency varied from

115



0.08 to 0.12 for Belgian industries and was eqoal0016 for the Northeast and Central
Portuguese farms studied by Machado. For the gji@mffarms considered in this study, a similar
function was estimated between the within and Offigiency measures and value added. The
results were equal to

In Within = 2.316 + 0.1651 In Value AddBd=0.102 F=11.094 (5.14)
(5.823) (3.331)

InOTE = 3.737 + 0.036 InValue Add&d =0.006 F=0.582 (5.15),
(9.759) (0.763)

where a positive and significant relationship way o found for the within measure. The
corresponding size elasticity of efficiency is dqua0.1651 which means that a one per cent
increase in value added would increase efficienc@.b7 per cent. This value is higher than the
0.016 reported by Machado for the Northeast andr@enregions of Portugal.

With the objective of testing wether the size tdéyg was different for each farming
system, a set of specific dummies for the interegpt the slope were included in equation 5.14
and 5.15. A backward elimination of the non siigaifit variables lead to the following models:

In Within =2.211 + 0.169 In Value Added + 0.03BVA R?=0.2026 F=12.323 (5.16)
(5.85) (3.60) (3.50)

In OTE = 3.625 + 0.271 DIS + 0.044 In Value AddedR? = 0.0656 F=3.419 (5.17),
(9.65) (2.49) (0.94)

where DISVA is a slope dummy and DIS is an interciepnmy for the IS system. The result for
the within measure shows that the size elastidigfiiciency for the intensive system is greater
(0.22) than the size elasticity of the ES, PLS &ff@ farming systems (0.17). A 1 per cent
increase in the value added produced by the ISidgrsystem leads to an improvement in
efficiency 0.05 percentage points greater tharatteeage value for the other farming systems.

For the OTE measure, the size elasticity of efficiy evaluated in 5.15 and 5.17 was not
significant different from zero. In spite of thesance of a relationship, a model similar to 5.16
with intercept and slope dummies was also fittetheothree component measures of OTE, and
the following results were obtained:
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In PTE = 4.442 + 0.203DIS - 0.023 In Valuddad R =0.0555 F=2.850
(14.31) (2.27) (-0.61)

InSCE = 3.626 + 0.098 In Value Added 2-R).1715 F=20.290
(20.63) (4.51)

In COE = 4.794 - 0.0331 In Value Added 2-00.0298 F=3.008,
(31.22) (-1.73)

where a positive association was found betweere sefficiency and the size measure with a
corresponding size elasticity of scale efficiengua to 0.098 and constant across all farming
systems, while for the PTE and COE measures onlgak negative association was found with
the size measure which implies a low and negatheeedasticity.

5.6.4.2- TECHNICAL EFFICIENCY AND OTHER FARM CHARACTERISTICS

The results about the relationship between teehwfficiency and farmers' experience
(measured by the farmer's age) show that the nmesasfitechnical efficiency are not independent
of farmers' experience, with the exception of sealé congestion efficiency (Table 5.12). For all
efficiency measures young farmers have higherieffay levels than farmers older than 40 years
of age. Among these, more experienced farmers dhigiver efficiency levels than less
experienced farmers. Dependence between ovechhital efficiency and farmers experience
were also observed by Kalirajan (1981) in a crestian study of Indian farms using a stochastic
approach and Bravo-Ureta and Evenson (1994), \#ndgo-Ureta and Rieger (1991), and Parikh
and Shah (1994) in a cross-section study of Pakistans with a stochastic frontier, found a
neutral relationship.

Regarding land ownership, technical efficiency suees are independent of land
ownership type (Table 5.12), meaning that farmsigmm@nantly owned or rented show similar
levels of efficiency, although the efficiency levadf predominantly owned farms are slightly
higher than those of the predominantly rented fartdewever, the analysis of variance test for
scale efficiency is significant at 10 per cent, nieg that farms predominantly owned are closer
to the optimal scale of operations. Consideringral technical efficiency, a neutral relationship
was also obtained by Kalirajan (1981), while WedsiTurvey and Godah (1990) found a
positive relation, and Grabowski, Kraft, Pasurka &ty (1990) found a negative relationship
between ownership and technical efficiency.
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Table 5.12 - Statistical Tests of the Associatietween Efficiency Measures and Farmer
Experience and Land Ownership

Experiencé Land Ownership
Group

within | OTE | PTE | SCE| COE| withih OTE | PTE | SCE| COE

IAverage Values

1 49.8 711 85.0 87.0 95.3 441 63.5 76.0 87.9 9p.4
2 33.3 50.4 68.7 824 92.4 41.0 59.9 78.5 81.9 9B.0
3 43.1 61.9 78.7 83.7 93.9

Statistical Tests

IAnalysis of Variance (F) 5.79 5.78 3.8 074 041 057 047 027 355 084
(0.00) (0.00) (0.03) (0.48) (0.66) (0.45) (0.49) (0.60) (0.06) (0.36)

Kruskal-Wallis ¢?) 105 102 670 510 070 096 051 014 185 0.14
(0.01) (0.01) (0.04) (0.07) (0.70) (0.33) (0.47) (0.70) (0.17) (0.71)

@ Group 1: <40 Years of age Group 2: 41 - 55 Yeflsge Group 3: > 56 Years of Age.

b Group 1: Area Owned > 50% Area Total Group 2:a¥Rented > 50 % Area Total
() Prob > F oy?

With respect to irrigation attributes (farms wilome irrigation area compared with
dryland farms) as well as family farms comparedwérms in which most of the labour force is
hired, the results shown in Table 5.13 allow uscticlude that irrigation and labour
characteristics are independent of the technidadiexicy measures considered. However, the
analysis of variance for scale efficiency showd teahnical efficiency is dependent on labour
characteristics with a significance level of 15 pent, which could indicate that farms with
predominantly hired labour (larger farms) have @esof operations closer to the optimum scale
than the family farms (smaller farms). A completagy analysis was undertaken relating overall
technical efficiency with the size of the labourc®, and the results showed that there a negative
association between those variables; while a pes#issociation was found between capital and
technical efficiency.

Table 5.13 - Statistical Tests of the Associatietween Efficiency Measures and Irrigation
and Labour

Irrigation? LabouP
Group

within | OTE | PTE | SCE| coE| withih OTE | PTE | SCE| COE

IAverage Values

1 41.3 60.1 73.8 85.1 95.1 42.8 64.7 80.5 81.8 9.8

2 43.1 62.4 81.3 834 92.7 41.2 56.2 73.4 87.7 89.7

Statistical Tests

IAnalysis of Variance (F) 0.21 0.22 2.49 0.27 0.92 0.18 3.00 222 3.38 8.84
(0.65) (0.64) (0.12) (0.60) (0.34) (0.68) (0.08) (0.14) (0.06) (0.00)

Kruskal-WaIIist) 1.17 0.44 1.85 0.35 0.03 0.19 2.53 1.38 241 11.42
(0.27) (0.50) (0.18) (0.55) (0.85) (0.67) (0.11) (0.24) (0.12) (0.00)

&Group 1: Farms with Irrigation Area Group 2: [and Farms.

b Group 1: Family Labour > 50% Total Labour GroupHired Labour > 50%Total Labour.

() Prob > F oy

11¢



The results presented in Table 5.14, regardingctimposition of the herd, show that
technical efficiency is not independent of herd poaition, with the exception of scale efficiency,
and that for all measures of efficiency cattle farane more efficient than sheep farms. With
respect to the composition of agricultural proddice results show that technical efficiency is
dependent on farm specialization. Specialized$aare more efficient than diversified farms and
among specialized farms, crop farms are more efftdhan livestock farms.

Table 5.14 - Statistical Tests of the Associatietween Efficiency Measures, and Livestock
and Agricultural Product

Livestock Product
Group

within | OTE | PTE| SCE| cOH withif OTE PTE SCE CQE

IAverage Values

1 37.2 531 704 846 910 52.8 714 863 877 948
2 46.8 68.7 84.2 839 96.6 34.1 583 755 794 958
3 23.6 344 534 829 87.8

Statistical Tests

IAnalysis of Variance (F) 6.11 111 898 0.06 5.45 25.8 192 152 298 299
(0.01) (0.00) (0.00) (0.81) (0.02) (0.00) (0.00) (0.00) (0.05) (0.05)

Kruskal-Wallis ¢?) 6.31 101 818 0.05 134 40.7 31.0 216 492 488
(0.01) (0.00) (0.00) (082) (0.00) (0.00) (0.00) (0.00) (0.08) (0.08)

& Group 1: Sheep Units > 50% Total Livestock Ur@@eoup 2: Cattle Units > 50% of Total Livestock Wnit

b Group 1: Crop Product > 60% Total Group 2: LivektBroduct > 60% Total Group 3: Diversified Farms.
() Prob > F o?

5.7- SUMMARY

In this chapter individual levels of technicaliei#ncy were evaluated for panel data
(1987-1991) for farms of the four Alentejan farmisigstems selected, using a parametric and a
nonparametric approach. The technical efficiemsels measured using a production function
approach should be considered bearing in mindgtenaptions and limitations that are embodied
in the empirical applications undertaken. One ddath assumption is that farmers always
maximize expected profits (Zellner, Kmenta e Drel@66), which allows us to estimate the
Cobb-Douglas production function by a single equmatind does not violate the condition that the
regressors are uncorrelated with the error terrowdver, sometimes it is difficult to correctly
perceive what is being maximized or to accountalbiconstraints in the maximization process
(Fersund, Lovell and Schmidt, 1980). Other linnitas that may result in biased estimators of the
production relationship are usually observed sush B errors in the measurement and
aggregation of variables and 2) the omission ofabégs. Errors in the measurement and
aggregation of capital, land and labour can occherwdifferences in quality and age are not
considered.



Some variables such as management and risk ficeidifo measure and they are omitted
in most studies, but this leads to bias in thereg#s of returns to scale and an overestimation of
the parameters associated with those inputs whiehcarrelated with the omitted variables
(Griliches, 1957). If risk is not incorporatedthre production relationship, then the estimates of
efficiency may not be credible (Kumbhakar, 1998)ith respect to management, the availability
of panel data allowed the incorporation of a manayg variable as proposed by Mundlak (1961)
and Hoch (1962), and applied by Dawson and Linga@82), Dawson and Lingard (1991) and
Dawson, Lingard and Woodford (1991). If it is assd that management remains equally
effective over time, then the management variableefich firm can be represented by firm
specific dummy variables in the production moddhis results in a covariance model that is
equal to the panel within estimator presented atige 5.3.2.1, in which the dummy variables
represented the different levels of efficiency. this circumstance the levels of efficiency
evaluated can also be viewed as a measure ofdindiMevels of farmer's management.

Besides the measurement errors and omission @bles, the nonparametric approach
has its own limitations, such as the absence ttital properties for the variables measured and
the susceptibility of the frontier to extreme olvstions. These limitations, if present in the data
would lead to biased estimates of the measurebhical efficiency.

Regarding the parametric approach, a Cobb-Doygiaduction frontier was estimated
using the within, generalized and maximum likelilastimators. The comparison between the
individual levels of technical efficiency obtainéat the three estimators shows that individual
levels of technical efficiency were different insakute value, but highly correlated and involved a
similar ranking of farms. Considering the assuonmgiembodied in each estimator, the Hausman-
Taylor test allows us to conclude that the withstireator was the one that best describes the data.
The results of an analysis of variance and a Kidékallis test, showed that the levels of
technical efficiency are not independent of thenfag system. On average the IS farming system
shows the highest value of technical efficiencylavthie ES farming system the lowest.

The nonparametric approach allowed us to estimeeall technical efficiency, as well
as its components pure, scale and congestionegftigi The results show that most of the
inefficiency observed is due to pure and scalenieahinefficiency, since the values observed for
congestion efficiency are very close to unity. &nalysis of variance and the Kruskal-Wallis test
lead to a result similar to that obtained for tegmetric approach, in which technical efficiency
is not independent of the farming system. Howethgs, conclusion could only be extended to
pure technical efficiency, since for scale and estign efficiency there is independence between
efficiency and farming systems. On average thial®ing system shows the higher, and the SIS
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the lower, levels of efficiency, which is slightljfferent from the parametric results.

For the farms that were overall technically ir@éit, the inputs that were more in excess
were land and machinery, while for those farms hictv inputs were constraining production,
land showed the higher shadow price. Around 1&%est of the farms analyzed have the optimal
scale of production while 75 per cent are scaldfitient. On average, most of the scale
inefficiency observed was due to farms being lat@tethe increasing returns to scale range (64
per cent). This percentage increases to arourghd®3 per cent for small and medium farms
when area and sales are the size measures respyectror larger farms 45.5 percent of the scale
inefficiency is due to DRS, and the majority (>#r pent) of the farms showing DRS, belong to
the larger farm size classes as measured by atdamugh congestion inefficiency did not have a
significant role in overall technical inefficiencyhe most important congesting inputs were
machinery, labour, and crop and livestock.

The comparison between the parametric and theamametric results shows that the
results were very similar in absolute value andkiranof the farms for the total sample of farms.
This closeness is greater for the PLS and SIS faysystems and diverges slightly for the IS and
ES farming systems. Both methods were used tterefficiency with farm characteristics due to
the absence of a formal test to choose betweepatametric and nonparametric methods. In
general, the results showed that the relationshiprden within and OTE measures and farm
characteristics was in the majority of the casabénsame direction.

Technical efficiency was related to the measurfefaion growth and size derived in
section 4.5, and to the following farm charactarsstsize (hectares and volume of sales), farmer's
experience, land ownership, irrigation area, typllmour use, composition of livestock herd and
output specialization (crop, livestock and diveesiffarms). The tests performed allowed us to
conclude that: 1) efficiency was independent ofrtites of growth of total product, capital, labour
and livestock, but for total product and when fatmase the same size, the more efficient farms
are the ones that have a greater growth ratecBhital efficiency was not independent of farm
size, farm experience, livestock type and farm igfieation and 3) technical efficiency was
independent of land ownership, irrigation areatgpé of labour use.

Regarding size, efficiency decreases as farm is@@ases in hectares and efficiency
increases as the volume of sales increases. $hksréor the volume of sales are similar to the
ones obtained by Machado (1993) for Portuguesesfanna different region and using cross-
section data. A measure of the size elasticityffafiency in relation to the value added of 0.17
per cent was obtained and is greater for the IRifey system (+ 0,05 percentage points). These
values are higher than the 0.016 reported by MaciH@93). Further estimates of size elasticity
of efficiency were also obtained for the SCE (0)0$8TE (-0.023) and COE (-0.33 per cent)



efficiency measures.

With respect to other farm characteristics, younfggmers show higher levels of
efficiency than older farmers, cattle farms are enefficient than sheep farms and specialized
farms are more efficient than diversified farmstgeen the specialized farms crop production is
more efficient than livestock production.

In overall terms, the average values of techniffitiency obtained (61.3 % for the
nonparametric and 42.2 % for the within estimator)the Alentejo are different from the ones
obtained by Machado (1993) for a cross-sectionystfdNortheast and Central regions of
Portugal (60.3 and 44.6 % for the nonparametric&nh@ and 87.9 % for the stochastic frontier),
although the results are not directly comparableabse of differences in the data, and years
considered. The average values of the within tesuk closer to the ones obtained by Dawson
and Lingard (1991) and Dawson, Lingard and Wood{d@b1) of 54.1 and 58.6 respectively,
using the same methodology but for different faypes.

Our results indicate that there is scope to imprthe levels of production given the
resource base and modern inputs that are used prdduction process. As noted above, there is
an identification of the efficiency measure withe ttmanagement input, and probably an
improvement in the production process would be déeet upon an improvement in the
management practices of farmers leading to incseas®utput produced. This conclusion is
confirmed by the unfavourable characteristics @m¢jan farmers in terms of age, education and
professional training described before. A proportdf the levels of inefficiency observed in the
four farming systems studied may also be a refiaatf the instability observed in land ownership
during the last decade, due to the irregular dgveémt of the process of agrarian reform.

When OTE is decomposed into its three measuresfiofency, the results show that
average pure technical efficiency is around 78ceat with a substantial proportion of the farms
being located on the frontier (42 percent of thenfaare efficient). This means that regarding
PTE Alentejan farmers are relatively close to thedpction frontier. This value is similar to the
stochastic efficiency measures obtained by Mact{@a@63), which led that author to conclude
that no significant gains in productivity could fpade with the current production techniques, and
that the crucial objective of agricultural policyugt be to expand the frontier or by for example
promoting the adoption of more modern technologies.

With respect to the scale component of the OTE& atrerage value of 84.3 for SCE and

the small number of scale efficient farms (16%pve$ us to conclude that improvements in the
scale of operations might be necessary in the dutprincipally regarding land and land
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improvements, labour, machinery and equipment. g€stion inefficiency is not an important
problem for Alentejan farms (an average efficiemalue of 94 per cent, and 47 per cent of farms
efficient), although improvements can be made leyittefficient farms with respect to labour,
machinery and equipment, and crop and livestocktip
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CHAPTER VI - THE FUTURE DEVELOPMENT OF ALENTEJAN AGRICULTURAL
SYSTEMS

The objective of this Chapter is to build a modsing a mathematical programming
approach, in order to study the development offalie farming systems of the Alentejan region
selected in Chapter IV. The model incorporatesiaicproduction processes, and alternative
activities and technologies and serves to simubed@mpact on farm income and farm growth of
different policy instruments available during thireties and derived from the 1992 CAP reform.
First, an overview of previous models developedwimilar objectives, as well as a review of
previous studies about Alentejo farming systemsjasle; second, a description of the empirical
model to be implemented to analyze farm developrakmtg with the selection of the farms for
each farming system is defined; and third, thefieation and the results of the models developed
are presented. In the last section, technicatieffcy levels were evaluated for the nine farms
studied and scenarios considered using a nonparamgeproach.

6.1- MODEL SELECTION

To conceptualize and build a mathematical programgprmodel with the objective of
studying production response to changes in vaigspects of the physical, financial and socio-
economic environment, several aspects need tdkba ta account, such as: 1) conceptualization
of the production framework, 2) the decision mgkanocess, 3) the farm adjustment process over
time, 4) changes in the planning environment, gnehBertainty.

The production framework has been conceptualizednathematical programming
approaches through the definition of a matrix opuiroutput coefficients. This matrix
incorporates the relationship between differenivdiets and inputs needed to achieve predefined
production levels. A linear relationship is assdrf@ input consumption, and input availability
is limited and dependent on farm capacities. Dgwakents in mathematical modelling and
agricultural production research relaxed the ddtéstic nature of the input-output matrix,
allowing for stochastic input-output relationshipad the incorporation of the biological structure
of agricultural production.

The decision making process is a complex and sg¢igliprocedure, mainly dependent on
the relationships between activities, and on fashmgrals. The relationship between activities has
been modelled through the establishment and matipal of restrictions to represent the
sequential nature of the production process. Hnmdrs' goals have been used to define the
objective function to be optimized. The optimipatiof a single measure of profitability,
supposed to measure farmer goals, has been the widsly utilized objective function.
However, this approach is limited by the fact tlaainers usually pursue not only one, but several
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goals at the same time. The development of gamiramming, allowing the incorporation of
several goals in the objective function, permitteel approximation of farm models with reality.
Depending on the objectives of the study, somenefprofitability measures used to represent
farmers' goals were: present profit, present rettoriand and management, present consumption,
terminal net worth, present cash flow and interatd of return (Cocks and Carter, 1968).

Farm adjustment over time is a complex and diffitask of farm modelling activity,
because it involves building a model with the cdljigiof predicting future farm performances,
based on assumptions and predictions about futnet®in a changing and uncertain world. It
involves the process of farm development, congidethat technological change and new
enterprises, as well as the set of other intermal external factors affecting agricultural
production, will be changing over time. Modellifigrm growth requires the definition of
behavioural variables such as the rate of adomtfamew technologies and enterprises, and the
conceptualization of the framework of farm prodoticapacities. Behavioural variables are
generally defined based on past observed trendie thle development of production capacities
is modelled based on investment theory and a ddrefulling of money capital flows.

The stochastic nature of agricultural productiesds to income variability from one year
to another, due to unpredicted variations in priggsids and resource availability. The risk
resulting from unpredicted variations in these dextcan be incorporated in farm modelling
through risk programming techniques. Some of theshniques, such as E-V frontier, mean
absolute total deviation (MOTAD), maximin criteriand focus-loss model are based on expected
utility and game theory.

Different kinds of mathematical programming modedse been used to incorporate and
analyze the aspects previously discussed. The Imotibzed can be divided into four basic
groups: comparative static supply adjustment modeidtiperiod linear programming models,
recursive programming, and simulation models (Inii®68). These four groups have been used
to study a large range of situations at farm, megjioand national level and are generally built
based on farm types defined for the region ooregin consideration.

Comparative static supply models are the most acammathematical programming
approach to farm modelling. The production prodssacluded in a matrix which captures the
various combinations of annual and durable inpu#shasic solution is obtained for an average
year, and simulations can be performed on predicaedbles at different time periods. Then, a
comparison between the optimal solution in differéime periods can be made. These models
allow us to analyze the process of farm developmeminparing two or more isolated time
periods. However, it ignores the intermediate stefpthe adjustment process that usually take
place during a certain period of time. The adj@sthprocess usually involves farm growth,
adoption of new technologies, and changes in tloeside making process. Comparative static
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models also exclude the understanding of liabdliiad net worth in explaining the generation of
funds from internal sources and the process oblang funds to expand the farm business.

Multiperiod linear programming models incorpordte planning question of the farm
over time. The production process is modelledsieveral years, and the different years are
connected by transfer activities. These activitteassfer resources such as cash balances and
inventories from one year to another. Investmestigions can be modelled as alternative
activities and their profitability evaluated. Tfieal objective is to optimize farm results oveeth
planning horizon considered. Several aspects tedup taken into account in a multiperiod
programming model such as definition of the objecfunction, length of the planning horizon,
estimation of the discount rate and definitionrafial and final conditions.

With respect to the objective function to be maxed, the choice is between the criteria
that give preference to present (maximization afpdsable income) or future consumption
(maximization of terminal net worth). The pres@ainsumption criterion is limited by the
arbitrariness of choosing a discount rate for tbenputations of present value, and the non
guarantee of the existence of a planning horizohilewthe future consumption criterion
guarantees the existence of a planning horizon,asatmes a linear consumption function
(Boussard, 1971). The length of the planning lorighould be large enough to produce stable
solutions for the initial periods when modificatioim the planning horizon are introduced. An
alternative way used to reduce the length of thdehand the size of the matrix is to define a set
of terminal conditions. Multiperiod models allow to incorporate and manipulate variables such
as family consumption, fixed obligations, laboupply, price cycles, enlargement of activities,
improvements of technical efficiency over time adnges in the level of capital stocks. The
main objective of the studies using this approaah t@ analyze the process of farm growth based
on investment decisions, growth rate and termiaal s

Rigidity of the objective function to be maximiziesdpointed out as one of the limitations
of the multiperiod approach, because it is diffi¢alinterpret the real meaning of the net present
value of net returns or final net worth over a ¢agan horizon in an uncertain and changing
world. The results of the modelling exercise calkb be dependent on the discount rate chosen.

However, when the evaluation of alternative inwesits is the main objective, this
methodological approach appears to be a good chameng alternative farm planning
techniques.

Recursive programming is a sequential optimiziechhique, embodying a functional
relationship between any given period and precegi@ngpds. This time lag relationship allows us
to analyze dynamic factors responsible for the fadjistment process over time. Some of these
factors are: 1) environmental changes such as adsan technology, changes in output-input
price ratios, price stability schemes, tax rates enedit conditions, and 2) the effect of external
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factors on farmer expectations such as a risingdata of living for non-farm activities.
Recursive programming is based on the construcfi@ansequence of annual linear programming
models. Each annual model is solved with sligtarations, and based on the optimum solution
obtained from the previous year. Flexibility caasits are used to represent the changes of some
key variables over time, through the utilizatiorupper and lower bounds in resource availability.
These upper and lower bounds are defined in asigeuvay, that is taking into consideration the
optimum solution of previous years. It has beeedu® study the farm growth process when
changes in physical, financial, and socio-econanigronments are expected to occur.

Simulation models are built to handle farm behawiover time. These models are used
in those situations in which the decision processxiremely complex and analytical approaches
are difficult to develop. It handles situationsttwimultiple goals, indivisibilities, sequential
decisions within the planning period using diffdreriteria, non-linear functions, and concepts of
organizational, managerial and behavioural thedifregn, 1968). Empirical applications have
been made to study a wide range of situations, asithe impact of managerial ability and capital
structure on farm growth, the impact of busineggoization on farm organization and expansion,
the assessment of the effect of agricultural pedieind other external factors on farm growth, and
the evaluation of alternative management strategidsr changes in environmental and economic
conditions. An important feature of some of thendation models developed was the
incorporation of the complex structure of the bipdal relationships that determine agricultural
production. Generally, simulation models do nadrgntee the existence of an absolute optimum
because analytic optimization procedures are reat agplicitly.

Among the four approaches described above, mittgheand recursive programming
appear to be the ones that would be better adapted study of the development of Alentejo
farms over time, if it is recognized that 1) change the planning environment, such as
agricultural policy and technological change, artbimal factors, usually affect farm production
with a time lag, 2) uncertainty and limited knowgedoroduce gradual and not sudden shifts from
current farm organization 3) investments and retarfixed costs will play an influential role in
the long-term survival of Alentejo farms, and 4jezral funds will have an increasing relevance
in expanding the production opportunities of therfa selected. A brief description of both
methodologies is made in the following two sections
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6.1.1 - Recursive Programming

The recursive programming application to agrigaltyproduction analysis was developed
by Day (1963a). Since then, it has been used wehegricultural production activity at farm
(Heidhues, 1966 and Kingma, 1978), regional (D&@3h; Heidhues, 1966 and Ahn and Singh,
1978) and national level (Schaller, 1968). Theecotiyes of the majority of these studies were to
analyze the adjustment process over time due togelsan the planning environment and external
factors.

Recursive programming assumes that the adjustpreness to new conditions occurs
with a time lag. The most important causes thaepmarriers to instantaneous farm adjustment
are quasi-fixed factors and uncertainty. QuasdiXactors are an objective barrier because
disinvestments usually produce a loss of asseewatd require a change in production activities,
while uncertainty raises a subjective resistanceuttden shifts in the production process. Both
adjustment barriers can be incorporated into arproging model by allowing for investment and
disinvestment activities and behavioral constraietspectively. Behavioral constraints allow
limited changes in the level of activities in egelar to permit farmers to gradually adjust to new
economic conditions.

A recursive programming model is a sequence ofpened models based on endogenous
and exogenous information and can be written as:

7 ()= max< z(t),x(®)> t=1,2,..T

subjectto
(6.1)

A x(®)<b(®) and

x(t)=0,

where

 (t) is the value of the objective function in petit under the optimal plan &),

z(t) is the n dimensional vector of coefficieafghe objective function; £) for j=1,...,n
X(t) isthe n dimensional vector of the levebofivities for period t, Xt) for j=1,...,n,

A(t) is the mx n matrix of coefficients representing the techingcal institutional structure of
production, and

b(t) is the m dimensional vector of capacitief>ad and quasi-fixed factors, and numerical
126



values of behavioral constraintgtpfor i=1,...,m.

The endogenous information for any period t isaivtd from the optimum solution of
past periods, for those variables that are a coeseg of past decisions. This is represented by
the dependence of the elements of the vector b(the optimum plan of the preceding yeaftx
1) and the capacity vector b(t-1). The exogenof@rination is represented by a vector v(t) that
allows for external interferences. It recogniZes flact that external factors may influence farm
development and growth.

Endogenous and exogenous information can be supatars

b(t)= A(t-1)A x (t -1)+ [ b(-1)+ v(t) (6.2)

The nx n diagonal matrix\ transfers the amount of resources added or stdxray the optimum
solution of the previous year, while the diagonakmm matrix T transfers all or part of the

resources available in period t-1 (Heidhues, 1966).

The first explicit approach to the use of recugsprogramming applied to agricultural
response analysis was developed by Day (1963ak alithor evaluated regional production
response under the condition that individual predsianaximize their expected profits when
adjusting to current economic conditions and exigts. Flexibility constraints were used to
allow for limited changes in the level of productiactivities for any year. Investment activities
allowed the author 1) to expand production capdoitythe same technological stage, and 2) to
abandon old capacities and introduce new capabitiewew technological stages.

The recursive model developed by Heidhues (1968) imended to evaluate the effects
of alternative EEC price policies on a group of i@&n farms. The individual-farm models
developed considered two dynamic factors in thanfadjustment process: advances in
technologies and price variations, and the efféa aaising in non-farm standard of living on
farmers' income expectations. The objective famcthaximized the total value of assets and the
ability of a farm to accumulate investment cap#tabject to a consumption function and other
requirements. However, the author states thatei@’rgoals based on total value of assets is hard
to specify because of the difficulties posed byatibn of durable assets and some situations do
not require the maintenance of, or an increastdridtal value of assets. This situation occurs
when there is a tendency for specialization in allnumber of enterprises, while a change from
labour-intensive production structures to moretahpitensive ones requires funds to be available
for investment.

To handle farmers' adjustments over time, theaaitiroduced behavioral constraints in
the part dealing with money capital, which includl@@rnal and external funds. The internal flow
of capital was handled with the following liquidizmd investment constraints:
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Liquidity:

Hired Labour + Fixed < Production + Interest + Transfer from

Expense Obligation  Return Income  Investment Capital
Investment:
Investment + Transferto = DisinvestmenBerrowing + Bank + Surplus Liquidity
Commitment Liquidity Account  of Period t-1
Account

while the external flow of capital was handled vtttk following equations:
Total Debt:

Borrowing < Previous Year + Loans Paid off in + Presi®eriod
Debt Limit Previous Reti New Borrowing

Rate of Borrowing:

Borrowing = (Rate of Debt)*(Previous Limit) +rd¥ious - Previous Period
Rate Repayment  New Borrowing
Repayment:

Repayment =  Fraction of Last + adtion of Repayment Due

Period Borrowing Due from Commitment of earlier Periods

Investment and disinvestment opportunities wereeathed with a modified approach to
the theory of asset fixity to account for the laflkknowledge at the time the decisions were made.
Investment decisions were based on current exfmwaof annual income and cost. The
capacity constraint of fixed assets took the follayform:

Resource Value = Amount Available at Beginning pgeiation + Amount Added to Solution
at Time t of Previous Period of Previous Period

+ Endogenous adjustments
where obsolescence can be introduced through tgearus adjustments.
A simplified version of the Heidhues matrix of &oments is presented in Table 6.1 and

is composed of five types of activities and retitiits. This basic recursive structure has been
used by other authors with slight alterations tatplish other objectives.
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Table 6.1- Matrix of Coefficients of Heidhues Indival Farm Model

Production Labour | Investmentand | Fixed Borrowing and
Hiring Disinvestment Obligations Repayment
Land
Crop
Rotations
Feed Supply Aiq Asr 0 0 0
Livestock
Labour
Technical Equipment
Farm Buildings Aoy 0 Ao> 0 0
Private Consumption
Fixed Charges 0 0 0 Azy 0
Liquidity
Investment Ay Asr Az Ass Ays
Debt Limit
Rate of Borrowing
Repayment of Loans and 0 0 0 0 Ass

Interest

Source: Heidhues (1966)

Ahn and Singh (1978) used a recursive programnaipgroach to project regional
development under alternative policy assumptiomsigprice supports and credits. The objective
function to be maximized in each year was the goatied net profit. Recursive constraints were
established for farm power and working capital, le/piroduction activities were bound in each
year by flexibility constraints to account for ate safety-first behaviour. Adoption of new
technologies was also bound by behavioral conssrémreflect farmers' resistance to use modern
technology. With the purpose of policy simulatioatput and input prices were projected using a
linear time trend.

Kingma (1978) developed a recursive stochasticainotigrowth for Australian farms.

The model incorporated savings, investment, anehexés of risk, in which parameters for any
time period depended on decisions taken in previmos periods. Stochastic coefficients for
wheat yields, pasture growth, and prices were ddrand introduced in the model. This model
assumed that farmers have limited knowledge offtiere, that they regard the next year's
production plan as a deviation from the currentnfarganization, and that marginal profits from
increases in investment should equal marginal ebsapital. The matrix of coefficients was
similar to the one developed by Heidhues (1966%epi for the inclusion of taxation. The
objective function to be maximized in each year wash surplus.
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6.1.2 - Multiperiod Programming

Multiperiod linear programming models can be désct as a set of one year static
models linked together mainly by four types of #f@n activities: 1) activities which link the
production relationships of period t with periodlt+2) activities which transfer the real
investment (machinery, buildings and equipment) étom period t to period t+1, 3) activities
which transfer the money capital from period t &igd t+1, and 4) activities which transfer the
obligations which arise from credit in period fp@riod t+1.

A multiperiod programming model maximizes the imeoat the end of the period under
consideration and can be written as:

77 ()= max< i (6.3)
t=1

where

(1) is the value of the objective function at #rel of period T under the optimum plan
X (1), fort=1,2,....T,

z(t) is the n dimensional vector of coefficientdfué objective function; £t) for j=1,...,n
and t=1,2,...,T,

X(t) is the n dimensional vector of the level dfities for period t, x(t) for j=1,...,n
and t=1,2,...,T,

A(t) is the mx n matrix of coefficients representing the techihéeal institutional
structure of production, for t=1,2,...,ida

b(t) is the m dimensional vector of capacitiesamistraints p(t) for i=1,...,m and
t=1,2,...T.

In a multiperiod model the objective function abtiike several forms, depending on the
assumptions that are accepted. The maximizatidgheohet present value of future profits is the
assumption of the Hicksian model in its simple fdamfarmers' objectives (Cocks, 1966). If it is
assumed that 1) profit generated each year coulkeitber consumed or invested, and 2) profit
makes no contribution to the value of the long-tevhjective until it is consumed and net
investments are not consumed until the planningdeis reached, then this assumptions leads to
the modified Hicksian goal of maximization of theegent value of current consumption and
terminal net worth expressed in the following earat

Max 3 d;Cj+dn 2 NW (6.4)

where C is consumption, d is the rate of discamdtNW is terminal net worth.
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When this modified Hicksian goal incorporates itytilconsiderations about farmers'
decision making processes, either in consumptiari¢band additional consumption) or between
consumption and investment, then two situations aagur: 1) assuming a basic consumption
activity that will always have a high utility andrtsequently will be always forced into the model
through a constraint, then the objective functiemains the modified Hicksian goal and, 2)
assuming also the basic consumption activity arad the rate of personal discount for extra
marginal consumption (luxury) equals the off-famnding rate, which means that the farmer is
indifferent to the choice between consumption amnvestment and if the farmer is indifferent he
always invests, then in the modified Hicksian goiury consumption is eliminated and it is
reduced to the maximization of the present valuaaumulated net investments. In this last
situation the discount factor applied is commoiltaourses of action and the long term goal is
reduced to the maximization of the accumulatedevafinet assets.

Cocks and Carter (1968) discussed seven alteenatijective functions that can be
considered long-term micro goals relating to thehcat each stage as well as the value of terminal
assets. Such goals were present value of futureuogstion, present value of future profits
(considering that profits are withdrawn at the ehdach period or profits are reinvested), internal
rate of return, present value of future cash flamd terminal net worth.

The rate of discount to reduce future income flawgpresent values depends on the
objective and the assumptions in the study beimglected. Choices have to be made between
nominal or real discount rates, depending on tiee @ssumptions used in the model to specify
the different annual flows, and between privatesocial discount rates, depending on the
objectives of the study. The multiperiod objectiuactions that need the use of a discount rate
exhibit the disadvantage that discount rates doeleded at aggregated and not at farm level, and
do not express the preferences between preseffititamel consumption but only the tensions that
exist in the financial markets at a certain monietitme (Boussard, 1971).

The duration of the planning horizon considerednsessential aspect when building
multiperiod models due to possible size matrix fois. The basic rule was defined by
Modigliani (1956) which states that the planningizmn should be large enough to allow stable
solutions for the initial periods when modificatioim the planning horizon are introduced. An
alternative way of overcoming the need to use gelglanning horizon is to define a set of
terminal conditions that consider the tangibilifytiee resources, the useful life of which extends
beyond the planning horizon considered.

The first programming model dealing with the gimestof planning over time was
developed by Swanson (1955). Since then, morelaetbtand complex models have been
developed, among others by Loftsgard and Heady9j1®ean and Benedictis (1964), Boehlje
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and White (1969) and Norton, Easter and Roe (1980 early models by Swanson, Loftsgard
and Heady, and Dean and Benedictis were develojibdhe objective of getting optimum farm
plans and did not consider the contribution of ek capital markets to the process of farm
growth. In these early models, the objective fiomctonsidered was the maximization of the
present value of net returns over the plan horizorsidered, subject to consumption requirements
by the farm family. The first two models considér@nnual fixed consumption expenditures,
while in the model developed by Dean and Benedanisual consumption was a function of
income from the previous year.

The later models developed by Boehlje and WhitkEaster, Norton and Roe were more
complex, because the contribution of external fufwdsthe process of farm development was
considered. These models were composed of fous typeub-matrices: 1) a production matrix
which corresponds to the conventional mono-periadatrix of input-output coefficients to
describe the relationship among productive aatisjti2) an investment matrix that enables the
conversion of accumulated financial assets to derassets, 3) a credit matrix which allows for
short and long term borrowing activities, and 4)irrgome matrix that permits a division of the
income generated between consumption and investnidre objective function considered was
based on the farmers' long-term goals such asitlaé riet worth and the present value of
disposable income. The model developed by NoEaster and Roe incorporated the risk aspects
of farm production using a MOTAD formulation.

6.2 - PREVIOUS STUDIESABOUT ALENTEJAN FARMING SYSTEMS

Several studies have been conducted to analyzémipact of the application of the
Common Agricultural Policy to the Alentejan farmiggstems. Most of the studies evaluated the
change of the return to land and management dthiangransition period due to the application of
the common price policy, with some of them alsosidering the introduction of improved
technologies and new activities. The methodoldgipproach followed by the different authors
can be divided into two groups: 1) budgeting teghes 2) mathematical programming techniques
with and without risk considerations. Linear paogming was the dominant mathematical
programming technique used at farm and regionall,levhile budgeting techniques using whole
farm budgets was the methodology used in actidtiell studies. With the exception for the
recent study undertaken by Carvalho (1994) evalgdtie impact of the 1992 CAP reform, the
other studies referred to below used the priceeptigins based on the initial agreements for the
transition period (1986-1995).

Two studies (Percheiro, 1986 and Canha, 1988)yzadhl4 farms belonging to the
farming system MSPL and MS, located in the Alentajastal area and not considered in this
study. Percheiro (1986) evaluated the optimumrprise combination in two farm types on the
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irrigated perimeter of Mira, situated in the souathpart of the Alentejo region. This irrigated
perimeter, with an irrigated area of 12,000 hestaie characterized by the majority of its
agricultural area being used for maize (40 per)ceasture (20 per cent) and forage (20 per cent)
production. These activities had the main purpddeeding milk cows. The author used linear
programming to model two farm types which were &dized in milk production. The objective
was to simulate the impact of projected pricesniilk, maize and feedstuffs, during the period
1985 - 1998, in the optimum enterprise combinatidhe results showed a 50 percent decrease in
farm profitability during the period considerech dpite of output price decreases, milk production
remained competitive with other irrigated cropshsas tomatoes for processing, rice and maize
for grain. However, most of the livestock feedwdlde produced on the farm.

Canha (1988) estimated the effects on farm incolhmeojected Portuguese output prices
in two farms of the Santiago do Cacém county. diithor selected two farms, one characterized
by traditional activities of the Alentejo regiondea on dryland cereal rotations and livestock
production, and another based on fruit crops aighted activities. Linear programming models
were built to measure the effect of projected ouppices. The conclusions reached indicated that
farm income would decrease significantly (63 %)he farm type based on dryland activities,
while a smaller decrease (25 %) of farm income otE®erved in the other farm type. Output mix
was characterized by an increase in pasture-faefiéties for livestock production. Lamb was
comparatively more profitable than beef, and tteoiine generated by tomatoes for processing
and fruit crops stabilize farm income in the long.r

With respect to the previous studies about the fatming systems considered in this
thesis, they have been conducted at activity, negiand farm level. One of the first to evaluate
the impact of the CAP on the most important Alemt&gtivities was undertaken by Fox (1987).
The author studied the impact of the future oufpidge policy on the following activities: wheat,
sunflower, rice, tomatoes, lamb and beef. The auattogical approach followed by the author
and referred to in chapter Il, was whole farm afstivboudgets in which private profitability
(receipts minus input and factor costs) and squizitability (using social prices) was evaluated.
The assumptions underlying the study were: oufpides will decrease according to the
transition rules, private and social wage ratekindrease 1.5 percent per year in real terms, real
cost of capital will remain constant, real sociasts of tradable inputs will stay constant, andl rea
private costs of tradable inputs were adjustedHer1984 removal of subsidies on fertilizer and
mixed feed.

Table 6.2 shows private and social profit for different activities studied at the
beginning of the accession and second stage, ahe and of the transition period. The results
indicate that irrigated activities, such as ricematoes for processing, and sunflower show
positive private and social profitability; this nmsathat these activities will not have major
problems in adjusting to the new economic conditicaused by the application of the CAP.
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Wheat on good soils and lamb with high managemdhswryvive with a slight improvement in
the technology used, in spite of their negativditataility in some years.

Wheat on poor soils, lamb with medium managenfertjlot beef, and pasture fed beef
will have problems in adjusting to the new econopwoaditions. Technical change, associated
with new policies, will be needed to make thoseviigts profitable in the future. The author
advocates development of effective insurance schemeecrease the high production risks in
Alentejo dryland agriculture, and its negative @mgences on the farmer's willingness to invest.
Price risks can be controlled by the Portugueseemonent, while yield risk can only be
controlled by the adoption of insurance schemeanogxpansion of irrigation. The expansion of
irrigation to new areas will probably be used farenprofitable crops, rather than improving the
profitability of livestock activities based on past feeding.

Table 6.2 - Private and Social Profitability forefskejo Activities, 1986 - 1996
(Returns to Land and Management)

1986 1991 1996
Profitability Net Profitability Net Profitability Net

Policy Policy Policy

Effects' Effects' Effects'
Activities Private| Social Privatel Social Privatel Social
Wheat Good Soifs 776 -279 +1055 3.84 3.71 +0.13 -049 -056 #0|0
Wheat Poor Soifs 151 -6.48 +799 -254 -320 +0.66 -7.03 -7.60 5%0
SunfloweP 5.31 2.43 +7.74 4.40 3.77 +0.63 2.33 1.87 +0}46
Rice’ 15.32 6.52 +8.80 1216 11.70 +0.46 14.63 14.28 .35t(
Tomatoe$ 3.08 1.25 +1.83 19.99 1879 +1.20 14.16 13.64 52(Q.
Lamb Medium Managemént 29 -146 +175 -31 -202 +171 -71 -239 +148
Lamb High Management 49 -82 +131 -6 -136 +130 -41 -168 +127
Beef FeedIdt -44 -139 +95 -59 -79 +20 -32 -52 +2Q
Beef Pasture -24 -154 +130 -41 -100 +59 -24 -82 +54

Source: Fox, 1987

&+ equals a subsidy

® Escudos per kilogram of final product

¢ Escudos per kilogram of carcass weight

A further development of the Fox study was undkemaby Avillez et al. (1988). The
objectives were to analyze the effects of two sgesaf price on the profitability of the main
irrigated activities of the Alentejo. One outpuicp scenario assumed price changes in the
Community similar to the trend observed in the {asirs, and the other supposed a substantial
decrease in the prices during the first three yaads afterwards prices would follow the pace of
inflation. The main conclusions were that the cetitipeness of fresh and processed fruit and
vegetables will increase in the irrigated areadhef Alentejo, and the area for tomatoes for
processing will have an auspicious future, althotiighexpansion of tomato area will be limited
by Portugal's production quota. An increase inttineato growing area, if accepted, will produce

a reduction in the production aid and consequénttilfe minimum realised producer price. Rice
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and maize will have a decrease in their profitghilbut it is believed that small improvements in
their technology will enable them to increase tleeimpetitiveness. Irrigated sunflower and sugar
beet could have a significant role in future Al¢mtierigation systems. The authors pointed out
that the positive profitability of the irrigationgacultural systems, when compared with the
dryland agricultural systems, will be an incentiwémprove and expand the irrigated areas in the
future. To reduce the chance that the cost of aripg and expanding the irrigated areas is
greater than its economic benefits, the authorgesigd that such investments should be
evaluated considering their private and socialrnstutheir impact on income distribution, and
their impact on the environment and natural ressi(mcluding the rural landscape and habitat).

Marques (1988) developed a regional model of Ajendryland agriculture with the
objective of studying the economic implicationdPafrtuguese entrance into the EEC for Alentejo
producers. The author measured the adjustmengsduirce allocations, output mix and returns,
and simulated the introduction of new productiahtelogies and activities. The methodological
approach followed was to build a regional modekdobon sequential discrete stochastic linear
programming models for three farm types of theaegiRisk was introduced by stochastic input-
output coefficients which captured forage and pastield variability. Technical change was
introduced through ley-farming rotations and im@vivestock production. Three output price
scenarios were used, each one reflecting diffeasstimptions about the future output price
policy. The first scenario considered the contiimmaof current CAP trends, the second scenario
assumed larger reductions in support for agricejtand the last scenario presumed total trade
liberalization. The results confirmed those oladirby Fox (1987) in which a substantial
reduction in farm income was foreseen. The reduostin farm income were greater for the
scenarios that assumed larger decreases in CABrsppioes. Regarding output mix, there was a
decrease in crop activities and an increase inpsture crops and livestock activities. This
output mix change was reinforced when the ley-fagniotations and improved livestock
activities were introduced into the model. Retuim$and and labour, measured as the shadow
price of their constraints, show a sharp decredd®e results also showed that fixed costs will
have in the future an important role in determinihg profitability of each activity and of the
farm as a whole, meaning that the production sireadf Alentejo farms and their corresponding
capital costs could determine future farm survival.

Several studies were conducted at farm level, agde ones by Pinheiro and Carvalho
(1986), Silva (1988), Rego (1989), Cunha (1989) $en&o (1990) for farms located in the Evora
and Viana do Alentejo counties. In general, it \was possible to identify the farms used for
these farm level studies with the farming systeatscsed in this thesis, because the boundaries of
farming systems do not have an exact correspondeititehe county divisions which were used
by the authors to identify farm location. Pinhednd Carvalho (1986) used linear programming
to study the impact of the adoption of future Comityuprices on the level of farm income and
optimum enterprise mix on a farm type of the Algmteegion. The results confirmed that the
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price policy followed before the entrance of Poalugnto the EEC, favoured cereals to the
detriment of livestock. The price policy adopted dutputs and inputs (e.g., feedstuff subsidies),
meant that livestock production based on feedstis more profitable than livestock production
based on pasture and forage produced on the favith the application of Community prices,
livestock activities will compete with cereals, hase the rotations adopted will have a higher
component of pasture and forage. Among livestatkities, sheep show higher profitability
than beef. Among the irrigated activities, tomatt@ processing and rice are the most profitable
activities. The authors argue that the researichifis in the Alentejo should be oriented to find
the best dryland and irrigated activities, as veallto solve some of the constraints of their
adoption by Alentejo farmers.

Serrdo (1990) estimated the effects on farm incohaelopting the common price policy
and new technologies on optimum enterprise corribmdor a farm type of the Evora region.
The author used linear programming, and integratethe model the stochastic nature of
agricultural production and the sequential charaties of the decision making process. The
results showed a sharp decrease in farm incomédhe adoption of price policy. The adoption
of new technologies can partially offset the remurctin farm income. With respect to the
optimum enterprise combination, a substitutionhaf traditional rotations of cereals in the poor
and medium soils by longer rotations that includgumes was foreseen. The author
recommended that agricultural research should tdidetowards new management systems for
livestock herds and pastures to take into accdwnbenefits of the growth cycle of pastures in
Mediterranean weather, improved sheep breedingtigeneand the effect of legumes on
increasing cereals' yields and reducing fertilmatosts.

The studies done by Silva (1988), Rego (1989) &nmhha (1989) used linear
programming in farms belonging to the Evora andn¥iao Alentejo counties to evaluate the
optimum enterprise combination, resulting from aldeption of the Community price policy until
the end of the period of accession (1996) to captiue effects the changes on the output mix,
resource use and farm income. The output pricessiceused was characterized by an evolution
of prices pessimistic in the short-term and annoigtic in the long-term and the results confirmed
to a large extent the conclusions of previous stud which a decrease in farm income was
observed. Output mix is characterized by an irseréia forage activities for livestock feed, in the
substitution of crop activities, due to the relatioutput price changes. The irrigation activities
such as maize and pasture are competitive, asaw@heat, when the correct technology is used.
The protein crops are an alternative in the futdwe to their favourable prices. Regarding
livestock activities, sheep and beef activities arefitable when based on pasture and forage
produced on the farm due to lower production costsle sheep is more profitable than beef.
The traditional pig activity based on pasture fagds also profitable in the long-term, if the risk
of African swine fever is eradicated.
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Although some of studies referred to above haeel aifferent methodologies and price
assumptions, the conclusions reached are in gesiendér, with the exception of the negative
private profitability of lamb and beef activitiesegicted by Fox (1987) which the other authors
found to be positive in the future. The majorifytiee authors concluded that farm income is
expected to decrease in real terms, due to fututigub price decreases. The adoption of new
technologies and new activities, tested by somboasit can in some cases help to offset the
negative impact of the application of the commadaoeppolicy. Cereals are profitable when grown
on adequate soils and using the correct technolbgye is an increase in pastures and forage
activities to support livestock production, sheep agoat production is comparatively more
profitable than beef, and irrigation activities gmfitable. The recommendations made by the
different authors to increase farm income and it lwiable economic farms in the future were:
to improve the level of management which is in adance with our findings about the need to
improve the levels of technical efficiency evalubie the previous chapter, to create an efficient
production structure, to improve production techesfor the different activities, to improve the
infrastructure support to agricultural activitydaio increase the number of irrigated areas.

In a recent study Carvalho (1994), using lineagmmming models with a risk discrete
stochastic formulation, analyzed the impact oft882 CAP reform on three Alentejan farms in a
comparative static framework. Two of the farmseMecated in the richer zone (IS, SIS) and one
located in the poor zone (PLS), with areas betvi2@éhand 500 hectares. The results showed that
income would decrease putting at risk the futurgigal of two of the farms considered, livestock
extensification would take place with beef replgcheep and goat activities, and that an increase
in the area of pastures and forage and a decredse area of cereals, oilseeds and protein crops
is likely to occur.

6.3- MODEL CHOICE

The studies referred to in the previous sectioalyaed the impact of the entrance of
Portugal into the EC on the Alentejo agricultungt, tthe following aspects were not considered: 1)
the role of financial funds either internal or ertd, investment and growth in the best strategy of
farm development because a comparative static frankewas used to compare price change
scenarios, and as Marques (1988) pointed out fomsts will have an important role in
determining the profitability of Alentejan farms tine future, 2) with the exception of the recent
study by Carvalho (1994), all the other studies miid take into consideration the 1992 CAP
reform, 3) the majority of the studies were biasmdards large farms (>200 hectares) and did not
consider the small and medium farms that produce 3& cent of Alentejo agricultural GDP or
(50.7 per cent if forest activities are excludedl aepresent 92.3 per cent of Alentejan farmers,
and 4) the farm level studies were in the majasftyhe cases located on farms near Evora, with
the exception of the farms studied by Percheir@§l@and Canha (1988) which are located in the
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coastal area and not included in the farming systsatected, and two of the farms studied by
Carvalho which are located in the Beja Districtgdrelonging to the IS and another to the PLS
farming system).

The above reasons lead us to consider importatudy: 1) of the impact of the 1992
CAP reform 1) on four of the Alentejo farming syateselected that correspond to 61 per cent of
Alentejo area and are located in the interior pathe region, permitting us to have a broader
picture in terms of the development of Alentejamicdture; 2) to analyze the development of
small and medium sized farms because of their itapoe in terms of agricultural GDP and
principally in terms of the number of farmers enygld in agriculture; and 3) to consider a multi-
year linear programming approach with the objectif/eapturing the role of funds flows in the
process of farm development and growth.

Among the multi-year linear programming approachke choice between a recursive
and a multiperiod model depends on the way thesibecimaking process at farm level is
conceptualized. To take full advantage of a paceinsive approach, the researcher should have a
perfect knowledge of the decision-making procesktha farmer's attitude towards farm growth
in analysing the solution for a given year, to ipavate in next year model the farmers
preferences about farm growth and development. edery knowledge about the decision-making
process and attitude towards growth is not perfettause it is farming system and farmer
specific, and complex as partially discussed iticed.5.

A multiperiod approach always incorporates a r&garnature because the connection
between periods always relates basic and non-basigbles among the different periods that
constitute a multiperiod-model, but does not allsswto introduce modifications at the middle of
the time horizon as a result of the optimum plaosioed from previous years and changes in
farmers' decision making and attitudes towards tirowHowever, if the researcher knew all the
farmer's alternatives in terms of the decision-mgkirocess and attitude towards growth, and was
able to incorporate them in a multiperiod modegnthhe results obtained by a recursive and a
multiperiod approach would not differ significantly

As a result, multiperiod programming models leadptimum decisions over the period
considered with the objective of finding the optimuwevelopment path of the farm under
consideration, while recursive programming modelggi a sequential optimizing technique to
explain economic behaviour, do not attempt to devptimal decision rules over the period
considered, but to describe the actual path denedopin a sequential manner, year by year. In a
multiperiod programming model the farmer is assumeethake a set of production decisions at
the outset based on a view of the whole plannin@gewhereas in a recursive programming
model the farmer is assumed to make a series afahmmoduction decisions, each based on a
view of the year ahead.
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For our research, the specific knowledge in tesfrizehavioural variables and restrictions
responsible for farm growth and the decision-makiracess was obtained from interviews made
with a limited number of selected farmers. Theoinfation obtained from these interviews,
although very important, did not justify the useaafecursive approach since it did not establish a
set of rules able to be used as a coherent athahfirocedure to select and analyze the best farm
plan for each year and to decide the best coursetimn for next year. Also, it was unpractical
from the viewpoint of this research to follow thae@l approach, which would have been to
analyze with each farmer the results obtained dohe/ear and then incorporate their options and
decisions into the matrix for next year, repeathig exercise for all the years analyzed and farms
considered. As a result of these limitations, #iperiod approach was considered to be the most
suitable methodology for studying the developmdnfllentejan farms during the period 1992-
2000.

6.4- EMPIRICAL M ODEL

A multiperiod linear programming model was develdpvith the objective of analysing
the development of the four Alentejo farming systesalected in Chapter IV. The multiperiod
nature of the model embodies a recursive relatipnsbtween the previous periods and the
following periods regarding resources and inconmegged. The model will capture the effects
of changes in the planning environment such asettienological and agricultural policy settings.
These changes will affect farmers' optimum levélsroduction, resource use and income, will be
an important factor in defining the developmenttstgies of Alentejo agriculture, and will
determine in selecting which farmers will have adurction structure with capabilities of staying
in agriculture in the future.

A simplified matrix of the model to be implemenisgresented in Table 6.3. A set of 11
constraints and 10 variables was defined with thjeative of analysing the different aspects of
the production process and evaluating the econperiormance of farms. Since the model will
be used to predict farm performance over a perigidng years (1992-2000), the structure of the
matrix was developed in a flexible way. The flélidiyp will allow the modification of input-
output coefficients and exogenous variables, armd siimulation of those variables that are
supposed to be determinants in farm performancproduction sector that
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Table 6.3 - Simplified Matrix of Alentejo Farms Meld

Type of Constraints

IActivities

Production

Input
Buying

Hiring/
Renting

Transfer

Owned

Durable Inputs

Investment and
Disinvestment

Selling

Policy

Capital Flow

Borrowing

Funds
Flow

Farmer
Expenditures

Land

Labour
\Variable Inputs
Durable Inputs
Feed Supply
Animal

Supply Durable
Resources

Borrowing
Policy
Output
Funds Flow

Farm Expenditures

> 3> » > >

>

>

>

A- Input - Output Coefficient
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comprises crop and livestock activities is theidasucture of the model. This sector will use
resources from the input buying, hiring, rentingvned resources, and investment and
disinvestment activities. Input buying activitiaee mainly composed of variable inputs, while
hiring and renting activities are composed of maety, labour and land activities. Owned
resources, investment and disinvestment activisepply durable inputs such as machinery,
equipment, buildings and land improvements. Th&ypaector incorporates in the model some
of the policy instruments available for the studsripd, such as production and investment
subsidies and policy restrictions on farm actisgitilerived from the application of the rules for the
second stage of the transition period and the mefof the CAP. The money capital sector
constituted by borrowing, annual funds flow andhfar expenditure sub-sectors, evaluates the
financial performance of farm activity. Borrowiragtivities supply external funds to meet
demands for farm investments and short term capéatls. The funds flow activities evaluate
annual farmer performance, and the farmer expemdictivities measure income availability for
the next period of farm activity.

The matrix represents farm economic opportunif@sa given year. Some of the
variables and resources are dependent on the aptsolution obtained from previous years. The
optimum solution for each year is expected to egmethe best farmer combination of resources
and activities for that year, considering its prettn capabilities, the planning environment, and
farmers' goals. The farmer goal assumed was thlemsation of the sum of net present value of
additional (luxury) consumption and terminal nettli@xpressed in equation 6.4.

To disclose the relationships between the diffesgwtors a more detailed analysis of
each sector is outlined in the following sectioms.Appendix Ill a mathematical formulation of
the model is presented, while the budget activiied individual farm model matrices in SAS
linear programming format can be obtained fromabthor. The models were solved using the
SAS linear programming routine called OR.

6.4.1 - Production Sector

This sector is defined by the set of crop andstiwek activities that determine the farmers'
production opportunities and by the set of resaiesailable to generate those activities. The set
of crop and livestock activities is based on faghpresent activities, and on the availability of
new and improved activities. Resource availabibtypased on actual farm production structure
and input market supply. To match production nemaénts with supply the following constraint
must be satisfied.

Resource < Resource
Utilisation Availability
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Input markets supply variable inputs such as skmtlizer, chemicals, gas and oil in
unlimited quantities. Petrol and oil consumptioeremodelled as a function of the time required
to perform the agricultural operations of the difat activities as well as tractor power. Standard
times for agricultural operations by tractor powere supplied by the Department of Agricultural
Engineering of the Ministry of Agriculture, and p@tand oil consumption were a linear function
of tractor power. Gas and oil consumption coedffits were 0.1 litres/H.P./hour and 0.003
litres/H.P./hour, respectively.

Durable resources such as land, machinery, equipared buildings are supplied in
limited quantities, either by resources owned atéhd of the previous period, or by renting,
hiring and investments. The supply of durable isguich as machinery, buildings and equipment
become available in each period satisfying the@falg equation

Machinery, Equipment and = Durable Resourcedeat + Hiring + Hiring + Investment
Buildings Availability end of Previous Period In Out

- Disinvestment - Obsolescence

to meet the requirements of production activititand was divided into different soil groups in
order to consider its capacity for producing thHfedént crop activities. The farms selected
showed three types of land ownership: owned, reatedoth. For the last two cases a land-
renting activity was incorporated into the mod@lo allow for farm size change, principally for
those farms belonging to small and medium sizesselg land renting in and renting out were
considered as alternative activities while actdétio purchase and sell land were not considered
because of the difficulties that arise in modellingse kind of activities. The availability of thn

for a given period satisfied the following equation

Land = Land Owned + Renting in - Regout
Availability

Labour requirements are met by family labour, @aremt employees, and short-term
hiring labour. Short-term hiring labour is usualiged to cover specific labour requirements of
some activities. Labour availability satisfies thibowing equality

Labour = Family + Permanent -ea$nal
Availability Labour Labour Labour

For those farms with permanent labour exclusivedgd in livestock activities, such as
shepherds, labour requirements for livestock diiviwere separated from the general labour
constraints. For this situation labour supply itedtock activities was modelled as a general
integer variable.
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The demand for owned and hired resources suataakinery, equipment and labour is
dependent on the period of the year. To takedotmunt periods with a high demand, in which
supply could be scarce, the demand for those resewras divided into periods. Four periods
were considered for labour, machinery and equipmehich correspond principally to the
specific demands for those resources by crop tiesvis shown in Table 6.4.

Table 6.4 - Periods Considered for Labour, Machyirerd Equipment

Periods | Period of the Year | Operations

Period 1 (P1) 15 September to 15 December LandaRatgn and Seeding of Winter - Spring
Crops

Period 2 (P2) 16 December to 31 of May Middle Opena of Winter - Spring crops and Lang
Preparation, and Seeding of Spring - Summer Crops

Period 2 (P3) 1 June to 31 July Harvest of Wint@®pring Crops, and Middle
Operations of Spring - Summer Crops

Period 4 (P4) 1 August to 14 September Harvespoh& - Summer Crops

Alternative crop activities were specified basedrew and improved crop activities
made available by agricultural research conductdte region. These alternative activities were
incorporated in several crop rotations recommended each agricultural system.
Experimentation conducted in the region demonsirétat minimum tillage techniques are a
technical alternative when compared with traditidilage techniques (Bernardes, 1988) which
led to the incorporation of alternative wheat até&s based on minimum tillage techniques into

the model.

Regarding wheat, a quadratic production responsgecto nitrogen estimated by
Carvalho and Azevedo (1990) was available for seaietypes of the intensive, semi intensive
and poor land agricultural systems. The wheatoresp curve that was used to model nitrogen as
a decision variable for the selected farms belapgirthose agricultural systems was

W = -2621 + 29.5R - 0.045R 0.057N + 0.053NR,

where W is the wheat output level, R is the amadmainfall between November and February
and N the level of nitrogen.

The above quadratic response curve was approxirbgténear segments (K1 to K4) as
shown in Figure 6.1. Rotations that incorporaguteinous crops are able to biologically fix
nitrogen and supply it to the next activity. Thggly of nitrogen was modelled by allowing those
activities to be a source of nitrogen. Nitrogepmy was modelled, based on the following
equations which express the supply of nitrogenyélgairement of a minimum supply at planting
and the selection of the optimum level of nitrogem output (Duoly and Norton (1975) and
Kingwell and Pannell (1987))
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Figure 6.1 - Wheat Yield Response to Nitrogen

- Supply of Nitrogen - Buying + Nitrogendrgrementsat < 0
by other Crops Nitrogen Respdmsvels K1,..., K4

with a minimum supply of nitrogen at planting

- Minimum Requirement + Buying< 0
of Input at Planting Nitrogen

and selection of an optimum level of nitrogen aatpat

- Hectares of Wheat at + Hectares of Wheat gpétese < 0
Response Level KO Response Level K1,..,K4

- Output Produced at - Increase in Output for + Selling Activities< 0
Response Level KO Response Levels K1,...,K4

The livestock sector was modelled on a flexiblefoto allow for the modification of the
production coefficients from one period to anottwed the growth of the herd. Coefficients, such
as the fertility and mortality rate, can be modififcom one period to another to reflect
improvement of farm-management techniques. Thenapt herd size was evaluated for each
period based on previous herd size, acquisitiomesf animals, sale of existing animals and
retaining young animals from one year to another.

Herd Composition

Female -Femalesfrom - Buying + Sglli Young Animalss O
Activity Previous Period Females Fermal Kept

Male - Males from - Buying + Sefjint Young Animals< 0O
Activity  Previous Period Males MalesKept
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Number of Males Required

- Male + Male Requirements * Female< 0
Activity per Female Actiyit

Animals Born and Fattened

- Female * Productivity*(1-Mortality) + Substitan + Selling Fattenedk 0
Activity Rate Activity Animals

Herd Substitution

( Substitution + Mortality * Female or ) Substitution < 0
Rate Rate Male Activit Activity

Selling Cull Animals

- Substitution * Female or + Seling = 0
Rate Male Activity Cull Anils

Besides the improvement of the herd managemermiudghr the modification of
productivity, substitution and mortality rate coefnts, alternative activities for sheep and goat
production based on three production cycles iny@ars were considered for those farms with the
capacity to adopt them.

The analysis of sheep and goat prices at the daen for the regional markets of Beja,
Evora, Elvas and Portalegre showed a significaesaeal variation. As can be seen in Table 6.5
and Figure 6.2 for the Evora Market, prices reachaaimum during the months of November,
December and January and a minimum during May, dadeluly. To reflect the opportunity of
selling sheep and goats in the most favourable ot sequence of alternative activities with
production cycles that allow the selling of thenaalis in different months of the year was
considered. The animals born during the summérctnabe sold in the most favourable months
in terms of prices, have a higher propensity to tii@n in other periods of the year, and
consequently a higher mortality rate was usedceRtifferentiation also occurs if lambs are sold
with a weight below or higher than 25 kilos. Orerage the price differential is around 6.5 %,
varying from almost 10 % during the months of Amild May to 6% during the months of
November and January. To consider this price tianiawo different selling activities were
allowed. Prices also vary between the differegiorgal markets and this variation was taken into
account by identifying each farm selected withoitsn regional market.
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Table 6.5 - Average Monthly Lamb Prices in Evorarkéa
(Based on Average Values of the Period 1986-1992)

Month Price (Escudos/Kg Liveweight)  Lamb Price 52B1onthly Price/Average Annual Price (%)
/Lamb Price<25
(%)
Lamb < 25 Kg | Lamb > 25 K¢ Lamb < 25 Kg Lamb >25 Kg
January 353.75 330.27 93.36 106.84 106.60
February 322.19 306.56 95.15 97.31 98.95
March 310.47 295.47 95.17 93.77 95.37
April 302.66 283.75 93.75 91.41 91.59
May 277.34 257.86 92.98 83.77 83.23
June 277.81 252.97 91.06 83.91 81.65
July 309.69 284.32 91.81 93.53 91.77
August 334.22 312.27 93.43 100.94 100.79
September 349.06 324.82 93.06 105.43 104.84
October 358.91 336.38 93.72 108.40 108.57
November 388.22 363.44 93.62 117.25 117.31
December 388.80 369.69 95.08 117.43 119.32
Average 331.09 309.82 93.52 100.00 100.00
Source: SIMA
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Figure 6.2 - Monthly Average Lamb Prices in Evorarkét (Average 1986-1992)
Source: SIMA

With respect to beef prices, the values observedhe Evora market, the most
representative market of the region, show thatetliem small variation of the prices during the
year, while a significant difference between thiegw of males and females was observed, as can
be observed in Figure 6.3 and Table 6.6. The rdiffee between male and female prices is
greater for calves for which male prices are appmately 20 percent higher. For 18 month-old
animals the difference in prices is smaller, reaghialues close to 6 percent.
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Figure 6.3 - Average Monthly Beef and Calf Prige&vora Market (Average 1986-1992)
Source: SIMA

The monthly price variation is very small when gamed with the seasonality observed
in lamb prices. Only during the period June to éaigdo beef prices have a slight decrease of 2
percent from their annual average. Although theuahprice variation in percentage is small,
three periods of selling beef were defined to otfltne prices differences when prices are
expressed in monetary value. Each selling periad divided into male and female selling
activities, and alternative cow activities wereafed to allow calves to be born in the different

months of the year to reflect the opportunity tlaamers have to match feed demand and supply
with market opportunities.

Table 6.6 - Variation Between Male and Female Rraned Monthly Variation in the Evora
Beef Market (Based on Average Values of the PetRfg6-1992)

Month Female Price / Male Price (%) Monthly Pricdeverage Annual Price (%)
Calves | 18 Month Male Calf Male 18 Month
January 80.24 94.95 100.41 99.46
February 81.03 95.11 101.46 100.27
March 81.28 94.83 102.16 100.78
April 81.46 94.74 100.44 100.92
May 80.89 94.98 99.68 100.51
June 79.14 95.32 98.76 98.55
July 78.71 95.98 98.46 98.65
August 78.64 95.88 98.00 98.63
September 79.02 95.96 99.29 99.37
October 81.85 95.60 98.99 100.59
November 82.50 95.76 100.21 100.99
December 80.76 95.82 102.12 101.28
Average 80.47 95.41 100.00 100.00
Source: SIMA

The adoption of the alternative livestock produmticycles will be limited by the
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availability of forage during the critical period§the end of Spring - Summer and the beginning
of Autumn. Feed supply was modelled, taking irinsideration requirements for energy and dry
matter by livestock activities. Energy requirensergpresent energy needs of livestock activities
to produce a certain level of output, while dry t@®atequirements represent the maximum intake
capacity of dry matter by livestock activities.helfollowing constraints were specified

Energy Requirements<s Energy Supply of + Energy Supply
of Livestock Activities Crop activities of Feedstuffs

Maximum Dry Matter Intake= Dry Matter Supply + Dry Matter Supply
of Livestock Activities of Crop Awtlies of Feedstuffs

to accomplish those criteria. To reflect the starof feed supply from crop activities in
matching feed requirements in certain periods ef ybar, feed supply was divided into three
periods as shown in Table 6.7, based on the &il#ijeof forage and pastures during the year.
To compute the amount of forage and pastures &laiia each period the values shown in Table
6.8, estimated by Crespo (1975), were used for dovages and pastures and by Vera y Vega
(1986) for natural pastures.

Table 6.7 - Periods Considered for Feed Supplylarmdand

Periods | Period of the Year | Available Feeding

Period 1 (FS1) 1 October to 31 February Autumn\&itter Forages, Conserved
Forages - Supply Depending on Weather
Conditions

Period 2 (FS2) 1 March to 31 of May Spring Pastutemserved Forages - Plentifdll
Supply

Period 3 (FS3) 1 June to 30 September Summer BityiRea, Conserved Forages -
Scarce Supply

Table 6.8 - Distribution of Dry Matter for the Tler@eriods Considered (percentage)

Pastures and Forages | Period 1 | Period 2 | Period 3
Irrigated Pastures 213 32.6 46.0
Dryland Pastures and Forages 25.0 68.4 6.6
Dryland Natural Pastures 18.8 74.6 6.7

Source: Crespo (1975) and Vera y Vega (1986)

6.4.2 - Investment and Disinvestment Sector

The activities of this sector allow farmers togadecisions about the purchase and the
sale of durable assets. The investment decisimmainly dependent on the profitability of the
set of activities defined in the production sectorg on the capacity of the farmer to finance the
purchases of durable assets.
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The conceptualization of investment and disinvestractivities is based on the theory of
asset fixity. This theory assumes that a factofixed if its use value is smaller than the
acquisition cost and larger than the sales pridee use value is represented by the present value
of the expected income of the asset. The expédntamme of a durable asset depends on the
farm's organization in future periods. Informatiabpout future periods is usually limited, and
farmers take decisions with a lack of knowledgeugifature expected revenues for durable assets.
To overcome this limitation, Heidhues (1966) susgge the estimation of durable asset costs
based on depreciation, interest, and fixed mainma&osts, and assumed that these costs were
distributed over the expected useful life of theathle asset. This assumption implies that
investment decisions are made on the basis ofrduesg@ected annual returns and costs, and that
marginal returns over the useful life of the assetconstant. Funds available to purchase durable
assets come from the money capital sector anatog/fng constraint

Investments< Income from + Long Term + Investment Long Term
Previous Period Borrowing Subsidies Deposits

must be satisfied.

The annual costs of durable assets such as machimg buildings were connected to the
activity or set of activities that consume themhisTallowed the evaluation of the profitability of
activities and investments based not only on th@bte costs but also considering the role of
fixed costs.

Due to the nonexistence of a second hand marketaillowed the estimation of the
second-hand market value for the tradable duradslets, it was assumed that durable assets were
trapped on the farm and consequently the farméiineilir depreciation costs until the end of the
expected useful life of the assets. In this sibmadisinvestment and obsolescence activities were
not explicitly modelled.

6.4.3 - Policy Sector

This sector integrates in the model the policyrimaents that will be available during the
period of analysis at farm level. Policy instrugemight bias the profitability of production
activities, could influence farmers' decisions, ammlild determine important aspects of farm
development and growth in the future. Some ofpiiecy instruments available are subsidies for
inputs, subsidies for specific activities, set-asittentives, set aside requirements and investment
subsidies. Direct subsidies for inputs and a@iwithave the effect of decreasing cost and
increasing revenues, respectively. Subsidiesreestments have the result of decreasing the
amount of funds required to purchase durable inpats annual depreciation costs. Set-aside
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subsidies represent new activities that are cothetiith the set of crop and livestock activities
available. The separation of the variables inaluigethis sector was made to allow simulations
on their predicted levels. The objective is tontifg other alternative agricultural policies that
could be implemented, if the future intention oé tRortuguese government is to maintain in
farming some of the farms being studied.

6.4.4 - Money Capital Sector

This sector evaluates the farm's financial peréoroe during each period of analysis. Itis
assumed that the farmer's goal is to maximizeghens to capital and management. This sector
is composed of borrowing, annual funds flow, incalare and farmers' expenditure activities. A
long-term loan activity was defined to supply furfds investments as referred to previously.
Long-term loans are limited by the farmer's totat assets in each period. This assumption
corresponds to the present requirements made kpgtiwultural credit cooperatives in supplying
long-term loans to agriculture.

The following constraints ensure that farmersjltarm debt is kept at a realistic level.

Long Term - Net Assets from - OutstandiugO
Borrowing Previous Period Debt

Net Assets = (1 - Asset Use Value Durable
Asset Life Asset

Value Durable = Value Durable Assets + Invesiin- Disinvestment - Obsolescence
Resource Assets  from Previous Period

In order to guarantee the repayment of the pradcgnd interest of the long-term
outstanding debt each year, the following condsairere specified

Principal and = Principal and

Interest Paid Interest Due

Principal and = Principal + Interest
Interest Due Payments Payments

Short-term loans are available to finance shont+eapital needs in each one of the three
annual funds flow periods included. The three ahriund flow periods were considered to
reflect the seasonality of a substantial part @Emees and costs such as cereal and livestock
activities and the need farmers will have to firmaoy short-term lack of operating capital. A
short-term deposit activity was included to absamip surplus of capital generated in any period.
This short-term deposit activity was differentiafeaim the long-term deposit activity defined to
absorb the income from the previous period not egdd finance long and short-term loans and

which paid a higher interest rate.
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Since 1988 a new tax law has been applied to e, enforcing income taxes on
agricultural activity. The objective was to extandome taxes to all sectors of activity and to put
agriculture on the same level as other businessése income tax scheme approved for
agriculture was progressive; that is, as the lef@hxable income increases, a higher marginal
rate is charged. To model the progressive incaxatheme the following constraints were used
for each level of tax rate {Tand taxable income:

Tax Rate Activity <= Maximum Taxable Incomégone equation for each Tntil T,,)
for eaéix Rate Class

Sum of Tax Rate Activities = Taxable Income.

For each period, fixed expenditures were consititraneet the basic needs of the farm
family. These expenditures were based on the aeaggcultural salary of the region and were
imposed on the model as a constraint. At the drehoh period, farmers could increase their
level of consumption by using a proportion of tigpdsable income generated.

A proxy of the marginal propensity to consume vestimated based on time-series
aggregated family disposable incomes and consumptipenditures for Portugal. The use of
aggregate data instead of cross-section datadaagticultural household has the disadvantage of
the value obtained being an average for all Podsgufamilies which does not take into
consideration the particularities and differenttgrais of consumption and expenditures of
agricultural households. It also has the disacgmtof allowing marginal consumption to
fluctuate sharply when changes in income occur,yi@ting a marginal consumption rate for
different levels of income.

Data for the period 1960 - 1990 in the followirgriables - disposable income, private
consumption and population - was used to estimage nharginal propensity to consume.
Consumption was defined as a function of incomeuttin the following relationship:

C=a+BY+Uu (6.5)

where ¢= consumption per capita
Y, = income per capita
B = marginal propensity to consume

u= disturbance term
Initial estimation of the consumption equation dwglinary least squares allowed the

detection of the presence of autocorrelation ugieddurbin-Watson and the Lagrange Multiplier
(LM) tests. An autoregressive form was estimageskd on equation 6.6
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U= 61Ut Gouip +.F gp Ut-p+ _t (6.6)

and the order of the autoregressive equation wésedeby an LM test on the error term of
ordinary least squares estimation. The resulthef tM test allowed us to conclude that the
coefficients of the lagged error term were sigaificat order two. The method used to estimate
the consumption function in its autoregressive faras the Cochrane - Orcutt estimator and the
results are presented in Table 6.9.

Table 6.9 - Estimates of the Marginal PropensitZemsume with AR(2) Processes

Estimation | Intercept| Marginal| R Square Dw- Significance Levels
Periods Propensity| Statistic 01 0,

1960-1990  29698.7 0.61731 0.98 191 0.0001 0.030
(3.38) (9.30)

1965-1990  36670.8 0.58329 0.97 1.88 0.0001 0.026
(2.89) (6.43)

1970-1990  40368.9 0.56719 0.97 1.89 0.0001 0.006
(1.59) (5.06)

()t Ratio

The results show that the marginal propensityotlessame is between 56 and 61 percent
and it was assumed for the different models thahdes will have a marginal propensity to
consume of 60 percent of the positive income géaerach year.

Funds available for the next period was determinethe following equations

General Costs of Animal +Buying + Hiring + Reag + Depreciation + Interest on Long
and Crop Activities Inputs  Activitieg\ctivities Term Loans

- Interest on Long - Selling - Subsidies tpuh+ Farmer Fixed + Taxes
Term Deposits Activities and Activities Expenditures

- Short Term + Short Term + Returns to Capitad
Loans Deposits and Management

Returns to Capital + Depreciation - Principal Cash Available (Disposable Income)
and Management Repaymentat end of Period

Cash Available *(1 - Marginal )+ Longf _ Cash Transferred
at end of Period Consumption (33515 to Next Period

Income transfer to the next period could be imttga as the ability of the farmer to
accumulate investment capital and could be se¢heafarmer long term goal in the multiperiod
programming model. Besides the fixed consumptivet tvas imposed on the model as a
constraint, the model allowed a marginal consumpictivity based on the marginal propensity to

consume, estimated above, and as result of coimgidaesent and future consumption as farmers'
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goals, the objective function to be maximized wlas sum of net present values of annual
disposable income and terminal net worth.

6.5- SELECTION AND CHARACTERISTICSOF FARMS STUDIED

The empirical model described in the last secticas applied to individual farms
belonging to the four farming systems selecte@hapter 1V, Intensive (IS) semi-intensive (SIS),
Extensive (ES) and Poor Land (PLS). The seleafdndividual farms was made using only the
RICA sample for 1988, because at the time this weesk performed, this was the only RICA data
set available. Variations in production, cost andnomic structure as well as differences growth
rates and efficiency levels occur for differentnfiegizes as shown in chapters IV and V. Also as
already noted in sections 3.2.2, 3.3 and 6.3 samallmedium size classes are important not only
in terms of number of farms but also in terms aicdtural GDP generated. To consider the
differences by farm size, the sample of farms wasled by farming system into the following
three farm size classes: 0 - 50 hectares (smafisja 51 - 200 hectares (medium farms) and
greater than 201 (large farms) already used in tehajl, when the farm structure was
characterized and in chapter IV when the farmirsesyis were characterized by farm size classes.

6.5.1 - Methodology

The methodology to select the farms to be studiasl canonical discriminant analysis.
Canonical discriminant analysis is a multivariaitistical technique used to separate m groups
being compared based on a set of selected varighleX ..., X by determining a set of linear
combinations Z , Z,, ..., 4 of the X variables

Z =0 X+ Xo+ ..., oy X

The linear functions ;Zare called canonical discriminant variables, wkiile coefficientsy;, on
-, O, called canonical coefficients or weights are walied in such a way that the F ratio for a
one way analysis of variance is maximized (Han8&;/).9

The maximum number of canonical variabled {& the minimum of: 1) the number of
variables and 2) the number of degrees of freedothe comparison (the number of groups or
systems minus one). The first canonical variable, gives the maximum possible F ratio on a
one way analysis of variance for the variation imithnd between groups. The second canonical
variable, Z gives the maximum possible F ratio on a one wayyars of variance subject to the
condition that Zand z are uncorrelated. Summarizing,iZa linear combination of the selected
quantitative variables, for which the F ratio orore way analysis of variance is maximized,
subject to the fact that; & not correlated with«Z 7, ... , 4. The canonical variables are linear
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combinations of the selected variables in such yathat Z discloses the group differences as
much as possible,£aptures the group differences not displayedihyad much as possible, and
so on. The group composed by the first canoniadbbles is the best possible set that discloses
the between-group difference pattern (Manly,1986).

The X variables used were a set of productiont, gmeduct and profitability indicators
derived for the 1988 RICA sample of farms and thgroups were the four farming systems being
analyzed in this study. The selection of indicaimtlowed a two-stage procedure that consisted
of the removal of the variables with high corredatand of a final selection of the variables that
had a higher contribution in separating the farmséggtems based on a stepwise discriminant
analysis.  After this procedure the indicators celd were: agricultural area, oilseeds
area/agricultural area, cropped area/agricultued,asheep livestock units/agricultural area, cow
livestock units/agricultural area, investment, flgnt@bour/total labour, total labour/agricultural
area, fertilizer costs/agricultural area, seedsstagricultural area, livestock costs/agricultural
area, operating costs/total costs, land coststottk, labour costs/total costs,livestock cogtd/to
costs, general cost/total costs, total costs/dgmial area crop product/total product, other
product/total product, return to family labour/agitural area, return to total labour,
profit/agricultural area, total product/total codfimput profitability). Then these selected
indicators were used to evaluate the differencesngnthe four farming systems using canonical
discriminant analysis. The mean value of the ceabliscriminant functions (Z) were used as a
measure of the relative distance among the foumifey systems being compared and the farms
that were closer to each farming system canonisatichinant function's mean were chosen to be
studied.

6.5.2 - Selection of Farms
The results of the canonical discriminant analpsiformed are displayed in Table 6.10
and show that the three canonical variables wehg gignificant when all observations were

considered; the second canonical variable was siglyificant for medium farms and the first
canonical variable was significant in all situason
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Table 6.10 -Likelihood Ratio Test, Proportion andavis of Canonical Variables by Area
Classes

Item All Observations Small Farms MediBarms Large farms
Canl |Can2 | Can3 Can]l Car+2 Can3 Canll C4n2 Can3 |©mz| Can3
Likelihood Ratio

|0.0001 0.0001 0.004 0.008 0.29 0.73 0.0001 0.01500.0.08 056 0.56
Proportion of Canonical Variables

|59.6 25.9 145 59.4 282 124 50.8 35.9 132 6616 149
Canonical Systems Mean

IS 2.0 -0.4 24 -02 -02 05 2.3 -05 23 7-0.27
SIS -0.2 -0.2 -1.3 -1.2 04 0.1 0.1 1.024 0.4 -0.8
ES -1.2 -0.6 -1.5 0.7 -15  -15 -0.4 -04 -23 8-1.-05
PLS -0.1 1.2 -0.5 2.0 0.9 15 -0.9 -04 27 17 40

In all classes considered, the first canonicalalde explained more than 50 percent of
the differences between the different farming syste The variables with a higher contribution in
discriminating among the four farming systems wihie ones that showed higher standardized
canonical coefficients for the first canonical ades, because they account for the majority of
the difference observed among the four systemse sténdardized canonical coefficients were
chosen because they are not affected by any aybithice of units used. The variables that
showed a standardized canonical coefficient gra¢htar one are displayed in Table 6.11. The
variables related to the farm cost and productitmctire were the ones with a higher
contribution in differentiating the four systemlith standardized canonical coefficients between
0.5 and 1, some profitability indicators were aisgortant in differentiating among medium
farms as well as additional cost indicators forlsarad large farms.

Table 6.11 -Variables with Higher Contribution iifflerentiating the Farming Systems

Area Class | Variables

All Observations Crop Product/Total Product, Retiarhabour, Total Labour/A.A., Livestock Costs/ Adnd
Total Cost/A.A.

Small Farms Operating Costs/Total Costs, Crop Ritdtintal Product, Total Labour/A.A., Livestock
Cost/A.A., Labour Cost/Total Cost and Total CosVA.

Medium Farms Operating Costs/Total Costs, Crop ridtiotal Product, Livestock Cost/A.A., Total
Costs/AA.

Large Farms Operating Cost/Total Cost, Input Pabfiity, Cows/A.A:, Total Labour/A.A., Profit/A.A.,

Seeds Costs/Agricultural Area, Cropped Area/A.Atur to Family Labour, Labour
Costs/Total Costs, Total Cost/A.A.

To visualize the relative distance among the fagnsiystems, Figure 6.4 to 6.6, show the
position of each farming system based on their nvadures for the first two canonical variables.
With respect to the small and large farms, the @iesonical variable has similar values for the
semi-intensive and extensive systems (Figure M) far the intensive and semi -intensive
systems (Figure 6.6) respectively, while for mediianms the four agricultural systems are well
separated when analyzed in terms of the first twoonical variables (Figure 6.5). The
combination of the above information for small anddium farms with the fact that the second

canonical variable was not significant, allowedtasaggregate for future analysis the semi-
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intensive and the extensive systems for small faamg the intensive and semi-intensive systems
for the large farms. An additional simulation waade, excluding from the analysis those farms
which were specialized in permanent activities,hsas olive oil and wine, and the results
confirmed the aggregation chosen.

Each agricultural system can be represented bydtn value of the first two canonical
variables, the ones which have a higher explangiiover and significance level. The farms that
better represent each one of the different farnsiggtems are the ones with canonical values
closer to the mean canonical values of its farnsipgtem, and this was the procedure used to
select the farms for each farming system. In scases, the original farms selected and closer to
the system's canonical mean, had to be abandoreaid®e their cooperation with the farm
accounting system had ended at the time of the iiatenviews. Several attempts were made to
choose a small farm for the combined semi-intensind extensive system. However, each
attempt met with difficulties, and as a consequeéhig category was dropped from subsequent
analysis. Figures 6.7 to 6.15 show for each fagraystem and area class the 9 farms selected.

After the selection of farms, interviews were utaleen with each farmer to complement
the accounting RICA data about each farm with na@tiled information regarding the aspects
related to the structure of production, levels apital employed and technologies used. The
interviews were conducted during 1991 and 1992.
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6.5.3 - Characteristics of Farms Selected

Table 6.12 summarizes some of the features o9 tteems selected and to be analyzed
with the application of the empirical model develdpn section 6.4. With respect to small farms,
the IS-S farm has an area of around 15 hectareghith 6 hectares can be irrigated. The main
crop activities have been tomatoes and melon iirtigated area and sunflower and wheat in the
dryland area. These crop activities are compleetemtith an sheep herd with a reasonable
dimension due to short term renting of pasture.lafde PLS-S farm with an area of around 38
hectares is characterized by a dryland rotationcereals and natural pasture, which was
complemented after 1988 with a small herd of sheep.

Regarding the medium farms, the IS-S farm wittagea of 54 hectares, shows a dryland
rotation based on wheat and sunflower which is demented by a sheep herd while the SIS-M
farm is characterized by a dryland rotation of akr@nd natural pastures and a sheep herd. The
ES-M farm is a cattle specialized farm with a snshkkep herd in which the crop activities are
dominated by dryland forage production and withmalk irrigated forage area of two hectares.
The PLS-M farm is characterized by a dryland rotatiof cereals and natural pasture
complemented by sheep activities and cattle ag88.1

With respect to large farms, the IS-L is a typispécialized dryland cereal farm without
livestock activities, in which the rotations areséd on wheat, sunflower and barley, the ES-L
farm is a typical extensive farm based on natuastyres and sheep, while the PLS-L farm is a
mixed cereal-sheep farm in which the dryland rotetiare based on cereals, forages and natural
pastures.

Permanent crops are represented in the PLS-SVISES-M, IS-L, ES-L and PLS-L by
olive trees and in the PLS-S and PLS-L by vineyardamily labour is predominant in the IS-S,
PLS-S, IS-M, SIS-M, PLS-M, ES-L farms while the oty of the labour is hired for the ES-M,
IS-L and PLS-L. All farms have their own tractawer and basic equipment for the majority of
the operations required for the crop activitieshwaxception for the cereal harvester which is
rented for the IS-S, I-M, ES-M, PLS-M, ES-L and PLSThe cereal harvesters that belong to the
PLS-S and SIS-M farms are hired out which is aroirigmt source of income.
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Table 6.12 - Main Characteristics in 1988 of thenksaSelected

Small Farms Medium Farms Large Farms
Indicators Is-s| PLS-$1s-M [sis-M| Es-M [PLS-M| Is-L | ES-L | PLS-L
Agricultural Area Ha. 15.3 38 54.5 73 150.5 155 286 339.4 344
Irrigated Area Ha. 6 0 0 0 2 0 0O O 0
Cereals Area % 29 86 57 58 13 30 73 0 3
Olive Tree Area % 0 12 0 30 3 0 5 5 1
Cow Number 0 0 0 0 86 0 0 0 0
Sheep Number 373 0 413 135 47.8 97 0 132 4ap5
Total Labour L.S.U. 2.6 15 1 2 4.2 11 5 3.3 12.4
Hired Labour % 9 34 0.0 50 72 11 80 39 97
Operating Capital % 100 48 100 42 93 100 34 77 24
Long Term Loans % 61 0 0 0 0 100 100 100 35
Investment - 1988 1,000 Esc. 523 1302 4356 0 49860 0 0 2982
Crop Product % 18 89 82 82 22 63 80 7 71
Livestock Product % 42 2 11 13 78 21 0 84 1B
Variable Costs/A.A.1,000 Esc. 62 85 38 16 20 10 47 4 34
Fixed Costs/A.A. 1,000 Esc. 60 30 23 15 18 2 34 4 295
Agri. Product/A.A. 1,000 Esc. 293 71 56 25 103 20 58 45 55

6.6 - MODEL VERIFICATION

In this section a comparison of the results oleiifior each one of the models
developed for the nine farms selected with the détserved in reality is made in order to
choose the models that will be adopted in the sextion. In general, models are always a
simplification of reality, in which assumptions areade, simplifications imposed, data
collection limitations accepted, and some quativigaand qualitative decisions made by the
decision-maker remain unknown to the researchetificult to include in the model. These
limitations cause a deviation of model results fnaality, and thus there must be a subjective

judgment of whether or not a model could be acakpsea good representation of reality.

For our models several assumptions were made dbald explain some of the
deviations of the model results from reality. Tdesre:
-the input and output data used in the model wasedh on interviews with farmers and on the
production structure and capabilities of each faang on regional data available both in the
Regional Statistics and Regional Agriculture ServicRICA data was not used explicitly to
generate input-output coefficients, because itsllefraggregation was unable to produce input-
output coefficients to satisfy the demands of tloeleh structure adopted.
-the models built took into consideration severatdtems that sometimes farmers do not incur
or do not have every year, such as insurance fildibgs, insurance for cereals, provision for
repairs and maintenance of building, machineryemdpment and social security payments for
hired labour. The model also included an estimmatibthe cost of using the equipment needed
by the different activities and not owned by farmerFor some farmers and some type of
equipment no cost is incurred, because equipmertioisowed from family, friends or
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neighbours. The occurrence or not of these itemthényear of comparison could partially
explain some of the variation observed between hregdelts and reality.

-crop activities were assumed to follow a pattéwat tvas dictated by the rotations reported by
the farmers. However, the values reported by R#DA the ones obtained by the model differ
slightly regarding the area occupied by the diff¢rerops and this difference will have an
effect on the operating costs and revenues.

-with respect to total revenues, the model considi¢ghe possibility of selling livestock output
in the best selling periods which for some farmslddaiffer from reality. Also the output level
for the crop activities was based on average vadunes could not correspond to the values
observed for a particular year. These reasonsdcexplain some of the variation between
model and observed total revenues.

It is believed that the model structure describedection 6.4 to represent the four
farming systems under analysis, among the altexestivailable, represents closely the reality
and responds to the objectives of the researchriak@® in this Chapter. The comparison of
the models results with the data observed in sealds made for 1988/89, in which farmers'
performance in terms of resource use and finameillts reported by RICA was compared
with model results.

Table 6.13 compares the model results for the §asabected with the RICA observed
values, where the model results are expressedrasnage deviation from the values observed
in reality. The values of -100 per cent are retatéhose situations in which the model result
was 0, while the value of 100 per cent corresptnthose situations in which the RICA
observed value was 0. The last row reports thegméage absolute deviation (PAD) for each
model. The PAD excludes cultivated area and rettioncapital and management since the
differences regarding these items are already oeghtin the crop area, and cost and revenue
items. Hazell and Norton (1986) claim that PADued below 15 percent are acceptable,
which in our case would lead to accept six of tralets built and reject the SIS-S, PLS-S and
PLS-M models. However, for these models, if onelwes the differences in the area of
forages reported (2, 2.5 and 3 hectares reporteRI®@A, respectively) and for the PLS-M the
difference in the depreciation cost (RICA reporiedue of 0), the PAD values decrease to
12.5, 14.0 and 7.3 respectively, which would leachtceptable PAD values for these three
models.

Considering that our models will be used to predécm behaviour over time, an
additional verification procedure for another yearuld have been preferred to test the model
behaviour when prices changes are introduced. Menveat the time the only RICA data
available was for 1988/89.
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Table 6.13 -Comparison of the Model Results with Observed Data for the Farnte®alek988/89

SMALL FARMS MEDIUM FARMS LARGE FARMS
IS PLS IS SIS ES PLS IS-SIS ES
88/89 | Model| 88/89 [ Model| 88/89 | Model| 88/89| Model| 88/89 | Model | 88/8 Modd 88/89| Model| 88/8d Modd 88/8
Icture (88/¢- Area in Hectares and Labour in Labour StandantsWbSU) and Model - Percentage Deviation fron883/
11.1 -6.3 41.5 -84 54 -5.4 68.5 -33.6705 -7.2 46 -15.1 214 -1.9 22 -4.5| 260.
ie 0.8 25.0 2 0.0 :
53 -11.3| 27 -3.7 27 -11.1) 435 -41.4( 335 -15.8 43 -9.8 171 0.0 118.
3 56.7 24 0.0 30 -53.3 32.:
2 -100.0 2,5 -100.0f 3 3.3 30 0.7 3 -100{0 14 -7.1 | 30.
12 0.0 22 0.0 5 0.0 10 0.0 8 0Jo
K
QastL 41 -2.4 5
lented 600 0.0
300 0.0 6.2 -3.2 43 -7.4 273 -1l 42 -418 50 0.0 151 -0.7| 43%
86 2.3
2 0.0 1 0.0 1 0.0 1 0.0 1 0.0 1 ojo 0.5 0.0 2 0.0 0.3
1.2 -16.7| 0.3 66.7 0.2 -100p 1 30.0 2.9 -31.0 3.2 -6.3 1.3 -23.111¢
000 EScud:
2945 7.8 | 3054 -15.1| 3264 0.0 2531 16.3 6911 1.3 2599 7.2 | 19842 -4.3 1510 -9.6 | 1817
0s 546 -12.5| 783 -17.6| 676 126 1063 -4.4 1102 21.9 0 100.p 4371 -84 367 8.4 | 201
3491 46 | 3837 -156 | 3940 2.1 | 3594 10.2 8136 2.6 2599 18.3 | 24213 5.1 1877 -6.1 | 201¢
4525 2.8 2701 4.5 5247 4.0 4516 2.3 17951 -32.5 3276 8.5 19788 33.8 1541 9.3 210¢
ital ar 1034 -3.3 | -1133 -63.4 | 1300 10.3 922  -28.5 9938 -62.0 677 -29.2 -4425 -178.9 | -336 -76.5 863
19.8 22.6 14.0 11.7 8.9 30/5 1244 17

The first Column shows the actual outcome repoited988/1989, whilst column 2 shows the percentage
variation of the model reults compared with theiakc1988/89 outcome.
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6.7 - SCENARIOS CONSIDERED

The analysis of the evolution and growth of thenfabelonging to the farming systems
selected was undertaken for the period 1992-20@0fva0 basic scenarios were considered. The
first scenario analyzed farm evolution considerihgt average farm technology and size was
equal to that observed during the period 1988/18&9 thus assumed that no opportunities for
farm growth was available. The second scenaridyzeth farm evolution considering the
introduction of improved technologies and new ditig, the expansion of each farm's production
capacities, and consequently assumed opportufitiegowth. This second scenario is justified
by the conclusions reached in the previous chaptevhich there was room to improve the
technical and scale efficiency of Alentejan farnm&l also in the planning and management
techniques used in each farm. The individual Ewdltechnical efficiency of the nine farms
studied are not reported here since some of thexm nat in the panel used in chapter V.

The alternative crop and livestock activities sidered are summarized in Tables 6.14
and 6.16, crop yields considered are shown in Téldlg, while opportunities for growth took in
consideration the investment subsidies shown ireT@ld7. Each of the above basic scenarios
was evaluated for the prices and subsidy levelsrésalted from the rules agreed for the second
stage of the transition period and 1992 CAP refanch shown in Tables 6.18, 6.19, 6.20 and 6.21.

With respect to inputs, prices were consideredstzam at the 1992 level, with exception
of labour and feedstuffs. The wage rate was iseedy 1.5 percent per year in real terms and
this was based on the assumption made by Fox (1@8#g the price of feedstuffs was assumed
to decrease 15 percent over three years refletttedall in price of cereals (Wallace and Kirke,
1993).

Regarding the adoption of the new and improvetinelogies, they were considered
available for all farmers at the beginning of 1288l for all the subsequent years of the model.
This option, although it may be considered contreiaé simplifies the model structure and leaves
to the model the opportunity to choose the beshtino change or introduce new technologies
and activities. As a result of this assumptiorwdis further assumed that farmers' management
skills were able to respond from 1993 on, to thedserequired by the improved technologies and
activities considered.

The two basic scenarios defined above to compéstdjan farm evolution during the
period 1992 -2000, in which the first scenario asssithe maintenance of farm technology and
size equal to that observed during the period 1982, and the second scenario considers the
introduction of improved technologies and new atitis and growth through the expansion of
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farms' production capacity, set an upper and ardwend for farm evolution, considering the
economic, technical and model assumptions. Wikdhassumptions in mind, some of the farms
analyzed will probably develop a path of evolutibat will balance between those two scenarios,
while others will find a different way for survivahd probably not analyzed in this study.

Departing from the second basic scenario, additimodel results were obtained for each
farm considering the abolition of all direct sulsg] the introduction of minimum tillage
techniques, the non-adoption of the set-aside tiondand a reduction of 15 percent on sheep
prices between 1993 and 1995.

With respect to increases in farm size throughingnor buying more land, specific
simulations were not performed for each farm. Hawefor the IS-S farm, short term land
renting was considered because this was a prdbtitdas been followed by that farmer. When
the farmer interviews were made, the general opifiom them, was that it was not easy to rent
additional land and one of the reasons pointedvastthe persistence of some remaining tensions
that the process of agrarian reform has creatéukinegion, regarding land ownership. Although
increases in area were only tested for one farerahge of farm sizes considered along with he
analysis of the shadow land price, could help usd&ie some indirect judgements, principally for
small and medium farms, about their developmefatrih size was allowed to increase.
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Table 6.14 - Alternative Crop Rotations and ActestConsidered for Each Farming System

IS

SIS

IRRIGATED ROTATIONS

Tomatoes - Melon

[Tomatoes - Wheat

[Tomatoes - Barley

\Vicea*Oats - Maize - Tomatoes - Wheat
DRYLAND ROTATIONS

Fallow*sunflower - Wheat
Fallow*Chick Peas - Wheat
Fallow*Broad Beans -Wheat
Fallow*Sunflower - Wheat - Wheat
Fallow*Chick Peas - Wheat - Wheat
Fallow*Broad Beans - Wheat - Wheat
Fallow*Sunflower - Wheat - Barley
Fallow*Chick Peas - Wheat - Barley
Fallow*Broad Beans - Wheat - Barley

DRYLAND ROTATIONS

Fallow*Sunflower - wheat - Oats - Natural Pasture
Fallow*Sunflower - Triticale - Barley - Natural Rase
Fallow - Wheat - Oats - Vicea*Oats

Fallow - Wheat - Oats - Lupines*Oats

Fallow - Wheat - Barley - Natural Pasture

Fallow - Sunflower - Wheat - Barley - Natural Pastu
Fallow - Chick Peas- Wheat - Barley - Natural Pastu
Fallow - Wheat - Oats - Natural Pasture

Fallow - Sunflower - Wheat - Oats - Natural Pasture
Fallow - Chick Peas- Wheat - Oats - Natural Pasture
Fallow - Wheat - Vicea*Oats - Natural Pasture
Fallow - Wheat - Lupines*Oats - Natural Pasture
Subterranean Clover - (5 Years) - Wheat
Subterranean Clover - (5 Years) - Oats

ES

PLS

DRYLAND ROTATIONS

Fallow - Oats - Vicea*Oats - Natural Pasture

Fallow - Oats - Lupines*Oats - Natural Pasture
Fallow - Oats - Vicea*Oats - Natural Pasture (2rgga
Fallow - Oats - Lupines*Oats - Natural Pasture €as)
Fallow - Wheat - Oats - Natural Pasture (3 years)
Fallow - Wheat - Vicea*Oats - Natural Pasture (g
Fallow - Wheat - Lupines*Oats-Natural Pasture (2rgg
Fallow - Triticale - Vicea*Oats - Natural Pasture
Fallow - Triticale - Lupines*Oats - Natural Pasture
Fallow - Triticale - Vicea*Oats -Natural PastureY(@ars)
Fallow - Triticale - Vicea*Oats -Natural PastureY(@ars)
Fallow - Oats - Vicea*Oats - Triticale - Naturaldtae
Fallow - Oats - Lupines*Oats - Triticale - NatuPRasture
Subterranean Clover (5 years) - Wheat - Vicea*Oats
Subterranean Clover (5 years) - Wheat - LupinesOat
Subterranean Clover (5 years) - Oats -Vicea*Oats
Subterranean Clover (5 years) - Oats - Lupines*Oats
Subterranean Clover (5 years) - Wheat
Subterranean Clover (5 years) - Oats

DRYLAND - ROTATIONS

Fallow - Oats - Natural Pasture (2 Years)

Fallow - Barley - Natural Pasture (2 Years)

Fallow - Triticale - Natural Pasture (2 Years)

Fallow - Wheat - Natural Pasture (3 Years)

Fallow - Wheat - Vicea*Oats - Natural Pasture (Znég
Fallow - Wheat-Lupines*Oats - Natural Pasture (2rgg
Fallow - Wheat - Oats - Natural Pasture (2 Years)
Subterranean Clover (5 Years) - Vicea*Oats
Subterranean Clover (5 Years) - Lupines*Oats
Subterranean Clover (5 Years) - Wheat
Subterranean Clover (5 Years) - Oats
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Table 6.15 - Yield Levels for Alternative Crop Adgties

ltems Farms

IS-M IS-L IS-S SIS-M| ES-M ES-L PLS-S

PLS-L PLS- | PLS-M
L

Irrigated Activities (Kilograms)
Tomatoes 42000 42000
Melon 12000 12000
Maize 8000 8000
Dryland Activities (Kilograms)
Wheat 1 Year 3500 3000 2200 1800 1400
Wheat 2 Year 3000
Barley 3000 2800 2200 1850 1500
Barley After Wheat 3000 2200 2000
Oats 2000 1700 1400
Triticale 2300 1950 1600
Broad Beans 2400
Chick Peas 750 750 500
Sunflower 950 950 600
Forages and Pastures (Kilograms of Dry Matter)
Maize Silage 9315 9315
Fallow 813 697 581 465 349
Natural Pasture 1 Year 1162 996 830 664 498
Natural Pasture 2 Year 1328 1162 996 830 664
Natural Pasture 3 Year 1494 1328 1162 996 830
Vicea*Oats Pasture 3510 3128 2702 2560 2417
Vicea*Oats Hay 4250 3740 3230 3060 2975
Vicea*Oats Silage 4860 4277 3694 3499 3229
Lupines*Oats Pasture 2948 2594 2358 2122 2004
Lupines*Oats Hay 2620 2306 2096 1886 1782
Lupines*Oats Silage 2625 2310 2100 1890 1680
Subterranean Clover 1 Year 2592 2203 1944
Subterranean Clover other Years 3240 2754 2430
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Table 6.16 - Alternative Animal Technologies

Sheep Technology 1

Sheep Technology 2

Birth per Year - One

Fertility Rate - 85 %

Prolificity Rate - 115 %

Mortality Rate Adults - 2 %

Mortality Rate Youngsters - 4 %

Mortality Rate Youngsters (Summer) - 6 %
Substitution Rate - 15 %

Females First Birth - One Year Old

Rate Male/Female - 1/30

Birth per Year - One

Fertility Rate - 90 %

Prolificity Rate - 120 %

Mortality Rate Adults - 2 %

Mortality Rate Youngsters - 4 %

Mortality Rate Youngsters (Summer) - 6 %
Substitution Rate - 17 %

Females First Birth - One Year Old

Rate Male/Female - 1/30

Sheep Technology 3

Cattle Technology

Birth per Year - One and Half
Fertility Rate - 85 %

Prolificity Rate - 120 %

Mortality Rate Adults - 5 %
Mortality Rate Youngsters - 6 %
Substitution Rate - 20 %

Females First Birth - One Year Old
Rate Male/Female - 1/25

Fertility Rate - 80 %

Prolificity Rate - 100 %

Mortality Rate Adult - 2 %
Mortality Rate Youngsters - 2 %
Substitution Rate - 12.5 %

Rate Male/Female - 1/40
Females First Birth - 2 Years Old

Fattening Lambs

Fattening Calves

Fattening 1 - 25 Kilos - 4 Months
Fattening 2 - 30 Kilos - 5 Months
Fattening 3 - 25 Kilos - 3 Months
Fattening 3 - 30 Kilos - 4 Months

Fattening 1 - 200 Kilos - 6 Months
Fattening 2 - 400 Kilos - 18 Months
Fattening 3 - 500 Kilos - 24 Months

Table 6.17 - Capital Investment Subsidies

Item

Investment subsidies (Percentage)

Land Improvements
Buildings

Permanent Crops
Livestock

Machinery and Equipment

45
45
45
30
30
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Table 6.18 - Crop Prices and Production Aids ferBeriod 1992-2000

Item | 1992 | 1093| 1994 1995 1996 1997 1998 1992000
(Escudos per Kilo)
\Wheat Price 34.8 24.5 22.6 21.0 21.0 21.0 021 210 21.0
Production Aid 21.4 19.7 17.8 15.8 13.8 11.8 9.9 7.9 5|9
Barley Price 33.0 24.5 22.6 21.0 21.0 21.0 .021 21.0 21.0
Production Ail 14.7 135 12.2 10.8 9.5 8.1 6.8 5.4 41
Maize Price 34.8 24.5 22.6 21.0 21.0 21.0 021 210 21.0
Production Aid 11.3 105 9.4 8.4 7.3 6.3 5.2 4.2 3L
Sorghum Price 33.0 24.5 22.6 21.0 21.0 21.01.02 210 21.0
Production Aii 9.8 9.0 8.1 7.2 6.3 5.4 45 3.6 27
Durum Wheat Price 47.0 245 22.6 21.0 21.0 021. 21.0 21.0 21.0
\Wine® Price 79 79 79 79 79 79 79 79 79
Olive Oil* Price 409 409 409 409 409 409 409 409 4p9
Production Aii 109 133 133 133 133 133 133 133 133
Sunflower Price 34 34 34 34 34 34 34 34 3
Field Beans Price 105 105 105 105 105 105 5 10 105 105
Chick Peas Price 130 130 130 130 130 130 130 130 30 1
& Escudos per Litre
ble 6.19 - Crop and Set-Aside Subsidies per Hectare
Item Farming System
IS | SIS ES/PLS ES/PLS
Subsidy per Hectare 1993 (1,000 Escudos)
Dryland Cereals 15.71 12.57 7.33 5.24
Dryland Sunflower 58.95 47.16 27.51 19.65
Irrigated Cereals 41.90 26.19 15.71 0.00
Irrigated Sunflower 157.21 98.26 58.95 0.00
Protein Crops1 (Small Producer) 15.71 12.57 7.33 5.24
Subsidy per Hectare 1994 (1,000 Escudos)
Dryland Cereals 22.00 17.60 10.27 7.33
Dryland Sunflower 58.95 47.16 2751 19.65
Irrigated Cereals 58.67 36.67 22.00 0.00
Irrigated Sunflower 157.21 98.26 58.95 0.00
Protein Crops1 (Small Producer) 22.00 17.60 10.27 7.33
Subsidy per Hectare 1995-2000 (1,000 Escudos)
Dryland Cereals 28.29 22.63 13.20 9.43
Dryland Sunflower 58.95 47.16 27.51 19.65
Irrigated Cereals 75.43 47.14 28.29 0.00
Irrigated Sunflower 157.21 98.26 58.95 0.00
Protein Crops1 (Small Producer) 28.29 22.63 13.20 9.43
Subsidy per Hectare 1995-2000 (1,000 Escudos)
Dryland Sunflower (Small Producer) 57.65 46.12 .926 19.22
Irrigated Sunflower (Small Producer) 153.74 96.09 57.65 0.00
Protein Cropsl (General Producers) 40.86 32.69 .0719 13.62
Dryland Set-Aside (General Community) 28.29 22.63 13.20 9.43
Dryland Set-Aside (Specific to Portugal) 22.63 118. 10.56 7.54
Irrigated Set-Aside (General Community) 75.43 47.1 28.29 0.00
Irrigated Set-Aside (Specific to Portugal) 60.34 773 22.63 0.00
Protein Crops2 15.71 15.71 15.71 15.71
Durum Wheat 62.23 62.23 62.23 62.23

Protein Crops1 - Field Beans, Green Peas, Sweatésip

Protein Crops2 - Lentils, Chick Peas and Vicea
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Table 6.20 - Beef Prices and Premium

ltem 1992 1993 1994 1995-2000
pr | P2| P3| Pi] P2l P§ Pl PP H3 H1 P2
Prices
Male Calf* 479.6 540.5 485.6 455.6 513.5 461.3 432.8 487.8 438.3 411.2 463.4 416.4
Female Calf 390.8 439.0 379.4 371.3 417.1 360.4 352.7 396.2 342.4 335.1 376.4 325.3
Male Heifer” 666.7 728.8 690.9 633.3 692.3 656.4 601.7 657.7 623.6 571.6 624.8 592.4
Female Heifef 652.5 708.0 670.0 619.9 672.6 636.5 588.9 639.0 604.7 559.4 607.0 574.4
Cull Cows® 440.0 490.5 431.3 428.0 466.0 409.7 397.1 442.7 389.2 377.2 420.5 369.7
Premiums (Escudos per Head)
Suckler Cow 10,315 14,667 19,905 25,443
Extensification 6,286 6,286 6,286 6,286
Beef 8,252 12,571 15,714 19,905

3 Escudos per Kilo of Liveweight afidEscudos per Kilo of Carcass
P1 - October-December, P2 - January - May andJe8e - September

Table 7.21 - Monthly Sheep Prices by Regional Mi@rked Premium (1992-2000)

Beja

Elvas

Lamb < 25 Kgl Lamb > 25 Kg

Lamb < 25 Kgl Lamb > 25 Kd

Sheep |

Evora

Month

Lamb < 25 Kgl Lamb > 25 Kg
Prices (Escudos per Kilo Liveweight)
January 400.0 386.3
February 350.0 341.3
March 310.0 298.8
April 291.3 2725
May 270.0 255.0
June 277.5 262.5
July 315.0 292.5
August 347.5 3225
September 3925 3725
October 3975 3775
November 4225 400.0
December 385.0 371.3

Premium (Escudos per Head)

405.0
357.5
302.5
280.0
270.0
277.5
310.0
340.0
390.0
4141
425.6
448.6

5,037.4

3825
3475
290.0
265.0
252.5
2575
290.0
320.0
370.0
391.6
415.3
427.2

395.0
371.3
330.0
285.0
285.0
260.0
293.8
320.0
371.3
3955
388.4
418.8

376.7
358.3
313.8
276.7
2725
250.0
2725
296.7
350.0
366.9
383.9
395.2

& Escudos per Head
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6.8- RESULTS

The results of the models developed for the 9 $asatected are presented in this section.
For the purpose of analysis the 9 farms were divighito two groups. The first group includes
the farms belonging to the more intensive farmiygiesms IS-S, 1S-M, IS-L and SIS-M farms and
in the second group the farms belonging to morerske farming systems ES-M, ES-L, PLS-S,
PLS-M and PLS-L farms. A summary of the basic ltesobtained from the multiperiod linear
programmming models is shown in Appendix Ill.

6.8.1 - Morelntensive Farming Systems

6.8.1.1- INCOME AND PROFITABILITY

The evolution of disposable income and returnsafuital and management for the first
scenario, which considers no changes in farm stre@nd technology, presented in Figures 6.16
and 6.17, shows a general decline of disposabtariacand returns to capital and management
during the period of analysis. Regarding dispasattome, small and medium farms show the
lower levels with negative values in some yeardenttie IS-L exhibits the better result with a
decreasing disposable income but always positivieglthe period of analysis. The SIS-M farm
displays the most adverse results with disposatadenie dropping to zero and negative values
after 1994.

—am— S-S VY [S—M —a=—

Figure 6.16 - Disposable Income without Technolagichange for IS and SIS
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Figure 6.17 - Returns to Capital and Managemeittowit Technological Change

With respect to return to net assets, the reshitsv that there is a substantial reduction
after 1994. The SIS-M farm shows the worst evotutivhile the IS-S displays the best results
with positive values in all years. Returns to tal@nd management drop to negative values after
1994 for the SIS-M farm and in the final yearstwd period for the 1IS-M and IS-L, showing that
farms are not able to generate enough funds tonerate with positive and satisfactory margins
the capital invested.

The predicted values of disposable income andn®tio capital and management for the
farms that occupy the best farming soils of thenfd@ region display an apprehensive picture
about the future of the farms belonging to intemsand semi-intensive farming systems. To a
certain extent it is expected that farmers willpeexd to the prospect of a global income and
profitability decline through the adoption of neechnologies and new activities, as well as
growth in farm size. For this scenario, Figures86and 6.19, which present the evolution of
disposable income and returns to capital and mamage show that all farms display positive
disposable income and returns to capital and mamagefor the period considered, with the
exception of the SIS-M. This farm is not able emerate positive disposable income and returns
to capital and management after 1998 and 1994 cipgply. Returns are dependent on farm size
and farming systems. The SIS-M shows the lowarrmet while the farms belonging to the
intensive systems are ordered by farm size. Thye lantensive farm shows a higher decrease in
profitability during the period of analysis becauskits almost total dependence on cereal
production. The other farms with a mixed cropdieek structure, in which the weight of cereals
output is smaller, show a smaller reduction in meo
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Figure 6.18 - Disposable Income with Technologitlhénge for IS and SIS

Figure 6.19 - Returns to Capital and Managemettt Wetchnological Change for IS and SIS

As a result of the implementation of the CAP, doatribution of production subsidies
(all direct subsidies that farmers receive, whittilides production aids, compensatory payments
and premiums) to total product increases and vallehin the future a decisive role on the
profitability of these farming systems. For botiersarios (Figure 6.20 and 6.21) direct subsidies
increase in the beginning of the period and thdedine is observed principally for those farms
with a higher weight of cereal production (IS-M d&dL). For farms that will not innovate and
expand, the contribution of income subsidies ialtptoduct reaches higher percentages than for
those farms that will introduce new technologied expand production capabilities.
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Figure 6.20 Percentage of Subsidies in Total Product withadhhological Change for IS €
SIS

Figure 6.21 - Percentage of Subsidies in Total irbdith Technological Change for IS and SIS

Farms based mainly on cereal production and thatod innovate and expand will have
an extreme dependency on subsides: their percevaigein total product varies between 33 and
56 percent. For farms based on a mixed cerealttick structure (IS-S and SIS-M), subsidies
represent between 20 and 30 percent of the tatdlupt. On average the percentage of subsidies
in total product represents 50, 38, 25, 18 perfenthe I1S-M, IS-L, IS-S and SIS-M farms
respectively.

When technological change and expansion are amesidthe contribution of subsidies to
the total product is in general reduced for albfamwith the IS-L reaching a maximum of 37.3
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percent and the SIS-M reaching a minimum of ardapercent. On average they represent 32,
26, 22 and 7 percent of the total product for 8| IS-M, I1S-S and SIS-M respectively. These
values confirm that with the common agriculturalipolarger farms and with better production
potential receive higher amount of subsidies.

Direct production subsidies represented on ave8&gmnd 80 per cent of the total amount
of subsidies received by the more intensive faronsttie first and second scenario considered.
These percentages shows that the weight of investisgbsidies is relatively small when
compared with the weight of production subsidiestdtal subsidies and that the weight of
investment subsidies increases slightly when tdolgizal change is incorporated.

The results demonstrate that farms which do maivate will be more sensitive to future
changes in the amount and structure of subsidaes fdrms that do innovate. However, this is
only partially true because the profitability ofetfiarming systems that will innovate is also
vulnerable to changes in the amount and structutieeodirect subsidies. Figures 6.22 and 6.23
show disposable income when direct subsidies aftaatied and confirm for both scenarios the
vulnerability of these farming systems arising frtme amount and structure of the subsidies.
Without technological change and farm expansiospatiable income is negative in almost all
years and for all farms, while with technologichhnge and expansion the only exception is the
IS-M farm that displays positive values for disgdeaincome after 1993. These results
emphasize the fact that direct subsidies will haveémportant role in helping maintain some of
these farming systems and support the income sktfarmers that make a living from farming.
These conclusion would be reinforced if investneeitsidies were also deducted from disposable

income.

—-— 5 — 5 V]S — M —a=

Figure 6.22 - Disposable Income without Subsidies Bechnological Change for IS and SIS

174



Figure 6.23 - Disposable Income without Subsidredaith Technological Change for IS and
SIS

6.8.1.2- FAMILY CONSUMPTION

The model assumed two components for consumptitamra level: 1) a fixed component
with the objective of meeting the minimum consumptiequirements of the farms' family and set
equal to the minimum annual wage for agriculturetha Alentejo region and 2) a marginal
component which is expected to increase the basisumption level when disposable income
reaches values greater than zero and was equa tmdrginal propensity to consume times the
income available at the end of each period. Theldeof total consumption for the first scenario
without technological change are presented in Eigu24 in which total consumption per farm is
expressed as the number of minimum wage ratesdiocuiture generated. This value was
obtained by dividing total consumption by the miarmannual wage rate. The IS-L farm shows
the higher levels of consumption, while the mediama small farms show much lower, but on
average, similar levels of consumption. Familystonption decreases throughout the period of
analysis, this decrease being more evident in 8k farm in which the consumption level
decreases from 7 to around 1 minimum annual weigehe &nd of the period. For the small and
medium farms the long-term tendency is for consionplevels to decrease to the minimum
consumption requirements, meaning that farmergeeating with a zero or negative disposable
income creation. On average for the period constjdamily consumption is 1.38, 1.46, 4.36,
1.49 minimum annual wages per family LSU for theS|SS-M, IS-L and SIS-M respectively.
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MINIMUM ANNUAL WAGES

Figure 6.24 - Consumption per Family LSU withoutheological Change for IS and SIS

Figure 6.25 - Increase in Consumption per Family b@th Technological Change for IS and SIS

When Technological change and opportunities fopaagion are considered, the
consumption levels increase on average by abouthinum annual wages for the IS-S farm,
1.6 minimum annual wages for the 1S-M farm andmiBimum annual wages for the IS-L farm,
while the SIS-M farm displayed a decrease of O.himuim annual wages. This decrease in
consumption for the SIS-M was observed during s years as shown in Figure 6.25 because
the disposable income generated in those yearsiseasfor investment rather than consumption.
This result shows that if farmers want to take apputies for growth it will be worth sacrificing
present for future consumption or, even if thelttsael of consumption does not increase, it is
worth sacrificing present consumption for a futaeble farm. However, considering the average
levels of family consumption for the period anatyzéhe 1S-S and SIS-M farms still show low
average annual levels of consumption of 1.9 ananindmum annual wages per family LSU used
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respectively, while the 1IS-M and IS-L farms exhikil and 9.1 respectively.
6.8.1.3- INVESTMENT AND DEBT

Investment is comprised of two components, a firs that corresponds to replacement
of assets that have reached the end of their ukiefidnd a second which is composed of new
investments necessary to introduce new activitigeahnologies and the expansion of production
capabilities. With respect to the two scenarigtet the first scenario includes only substitution
investments while the second scenario incorpogathstitution and new investments.

Table 6.22 compares the total investment madedah darm for the two scenarios
considered as well as the number of years of dwliried. The comparison of the investment
levels for both scenarios shows that the investiesels increase when technological change is
considered, and this increase in the level of imest is greater for those farms with a mixed
crop-livestock structure than for those farms nyalmsed only on crop activities. Investment
increased 49, 23, and 54 for the mixed crop-livdstarms IS-S, IS-M and SIS-M respectively,
and only 1 percent for the crop farm IS-L. Theuast increase levels in investment in crop-
based systems with the introduction of new techgietis due to the fact that introduction of new
crop activities or improved technologies in exigtarops, does not generally require the purchase

of additional assets.

Table 6.22 - Total Investment and Number of Yeath Webt for More Intensive farms

Total Investment * % Increase in | Number Years with Debt
Farm Investment

Without New With New Without New With New

Technologies Technologies Technologies Technologies
IS-S 7568 11294 49 1 0
IS-M 10740 13164 23 3 1
IS-L 37139 37520 1 1 0
SIS-M 7781 13556 54 6 2

* Total During the Period 1992-2000 in Thousandsugss

The level of debt as well as the number of yearsd which it occurs is a measure of the
long-term capacity for survival of the farms. Widspect to the 4 farms belonging to the more
intensive farming systems, the results show th#tout technological change the survival of the
SIS-M is more doubtful in the long run in that fk of the nine years of the simulation it had
outstanding borrowing and that the farm after 18950t able to generate enough receipts to
accumulate capital investment to substitute olétassThe IS-L will not have any problems in
surviving in the long run without technological dge, while the I1S-S and IS-M show debts in
some years, although its size does not put thavsiiof these farms in danger for the period



studied. However, the survival of IS-S and IS-Mhweut any technological change will mean low
levels of consumption or consumption at the minimequirement levels and zero or negative
remuneration of the capital invested. Considete@ahnnological change and growth the results
show that all farms will be able to survive in theg run, though, as noted earlier, the SIS-M farm
is not able to generate enough income to incrémsednsumption level to more than a minimum
annual wage.

6.8.1.4- CROP ANDLIVESTOCKACTIVITIES AND TECHNOLOGIES

The adoption of new technologies and activities,waell as their expansion, is an
important commitment for farmers in this decaderder to adapt to the new policy and market
conditions. Access to information, the abilityaalyze market and agricultural policy changes
and the capacity to envisage the correct answers moore rapid and uncertain production
environment will be qualities that farmers will leato have or to acquire. The nostalgia confessed
by most of the farmers interviewed about the oidepscheme for cereals is an example of the
difficulties that farmers are having in adapting ttee new market conditions and policy
arrangements. The inability and indecision disptblgy the farmers interviewed to envisage and
find new solutions reinforce the difficulties tifatmers are having in discovering and reaching a
new development and balanced strategy for thaeindar

The results show that on the better soils (fareisriging to the IS) wheat will be
profitable in the long run and improvements in tdsghnology level are still available as well as a
better capacity to associate weather predictiotis thie crop production cycles. The estimated
production function for wheat incorporated in thed®l showed that until 1998 it is profitable to
produce wheat at 97.1 percent of the maximum palsioduction, while after that period the
optimum level of production is located at a lowevdl, 90.8 percent of maximum physical
production. These results show a tendency, tortaicedegree towards extensification in the
long-run, once the subsidies are paid for the emétevated and not for the quantity produced. To
complement cereal production on the better soilstepn crops appear to be an alternative to
dryland sunflower in intensive cereal rotationdieWield of dryland sunflower increases with the
advancement of the seeding period, with produalorost doubling when the traditional seeding
period is brought forward from April to FebruaryA simulation with alternative activities
considering different seeding periods for sunflopved that even in this situation protein crops
can be competitive with sunflower.

With respect to the semi intensive farm (SIS-Mg tesults show that the best strategy in
the long run is to abandon cereal production aratitipt a production scheme based on forages,
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pastures and livestock activities. This strategyresponds to a specialization in livestock
activities. This result will be latter reinforcegl the ones obtained for the more extensive farming
systems.

In the past livestock activities based on sheeplymtion were a complementary activity
to cereal production for farms belonging to themsive and semi-intensive systems. The results
show that large farms belonging to the intensiveesy will be able to survive without extending
their range of crop activities to livestock aciest. Livestock has an important role as an income-
generating activity for small and medium farmstad intensive systems and the results show that
for small and medium intensive farms, livestockwdtigs will increase their importance and role
in the production structure of those farms in trglrun. The results show that expansion of the
livestock herd is the optimum strategy for the digmeent and survival of these farms in the long
run.

The expansion of the livestock herd will be lirditey farm size, the capacity to produce
forages able to satisfy feeding needs in the midtitad periods of the year, that is the end of
Spring, Summer and the beginning of Autumn, flditibin acquiring forages outside the farm
and the ability to manage short-term renting irpa$ture land such as fallow land or land right
after cereal production. The IS-S farm is a goxahgple of a small farm in which the strategy
followed to overcome the area size limitations weagcrease the livestock herd combined with
short term renting in of pasture land. Though gtiategy carries its own risk, because it is not
able to guarantee from a long-term perspective cureepasture land area, it could be an
alternative for small farms to increase their pitiun capabilities if they were able to find short
medium-term agreements to rent in pasture land.

As described in section 6.4.1, the model alloweestock activities to be chosen in a
flexible procedure by allowing different potentlatth periods and consequently selling periods
of fattened animals as well as choosing the bdigtgeaeights. With respect to sheep activities,
the results showed that two birth periods were ehosThe first corresponds to the end of
Summer and the second to the beginning of Winlidre animals born in the first birth period
were fattened and sold at the end of Autumn/begioi Winter which corresponds to the best
selling periods, while the animals born at the beigig of Winter were kept for replacement.
These results confirm to a certain extent the ticadil production strategies followed by farmers,
in which birth is concentrated in two main periott®e beginning of Autumn and the end of
Winter, the animals born in the second period beingsult of females not served in the first
period.

The Alentejo sheep markets show a price diffeaébttween animals with less and more



than 25 kilos. Although the price differentiafé@/ourable to animals with less than 25 Kilos, the
results of the models show that the optimum styatedo sell animals around 30 kilos of live
weight with between 4.5 and 5 months of age. Hsllts also showed that it is profitable to
supplement the fattening of the animals with fadfist During the interviews it was observed
that farmers have perceived that it had becométainté for them to supplement the fattening
process with feedstuffs. The results confirm wéame farmers have already adopted as an
optimum strategy for sheep production.

With respect to the sheep technologies availabl@doption by farmers, the structure of
forage production does not allow us to considerattieption of three births in two years. The
improved technologies considered implied increapeatuctivity rates for ewes and lower
mortality rates, coupled with shortening and leegthg of the fattening period for lambs. The
results showed that the best strategy is to adopmdium sheep technology with longer fattening
periods, because the marginal costs of adoptingra intensive technology are greater than the
marginal revenues obtained.

6.8.1.5- SUBSIDIES

As seen in 6.8.1.1, subsidies have an importaet iro the profitability of all more
intensive farms. Subsidies can be divided into ¢aps, investment and production subsidies.
The first group includes all subsidies related égutations of the structural policy, while the
second group includes all national or Communitysglibs paid as direct production aids to
activities or outputs as well as to variable input§he long-term profitability of farms and
individual activities will be affected by both kisdf subsidies.

Under both scenarios, investment subsidies weamtgn for replacement and new
investments, though investment subsidies shoulapipéed only to new investments. However,
in reality most farmers undertake renovation ofrtlagset structure using the structural policy
through the presentation of a reconversion plathefr farm that includes the replacement of
assets. To test the effect of the actual subdidictsre on long-term farm profitability and
activities a simulation was performed on the moddéh technological change excluding
production and investment subsidies. This simufatias the objective of testing the role of
subsidies in the process of farm growth and expansi
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Fig. 6.26 - Disposable Income without Productiovéstment Subsidies for IS and SIS

The evolution of disposable income and returngdpital and management shown in
Figure 6.26 emphasizes the importance of investanghproduction subsidies. If direct subsidies
were to disappear in the future, the small intem&wms and the medium semi-intensive will have
many difficulties staying in business in the lono ras well as the large intensive farms. The
medium intensive farms will be able to survive. wédwer, consumption levels, and consequently
farmers' living standard, will be reduced.

The results show that the pace of growth is sabatly reduced when production and
investment subsidies are excluded. The level wéstments is reduced to between 19 and 23
percent for all farms. The optimum levels of liek activities are substantially reduced for the
medium sized farms, by 29 and 36 percent for th®! I81d SIS-M respectively. The optimum
level of production for wheat decreases which cordithe importance of extensification, and
wheat is no longer profitable to grow from a lorgat perspective in soils of classes B and C.

These results show that the more intensive agmi@llsystems will be very sensitive to
any future changes in agricultural policies. Madifions in the actual policy structure will have
to be made very cautiously because it could hapeitant implications for the long-term survival
of these farms.
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6.8.1.6- SET ASIDE

A simulation was performed to test to what extizmtners should adopt the set aside
scheme or drop out from it. The simulation wadgrered in the IS-M (48 hectares of annual
crop area) and IS-L (261 hectares of annual crep)darms.

—a —=— —l—

Figure 6.27 - Disposable Income with and without/Agde for IS

The results shown in Figure 6.27 allow us to catelthat in both cases the best solution
is to accept the set aside scheme. The adoptiaswiall producer scheme will have the effect of
reducing the disposable income by 5 percent for I8 and 31.6 percent for the IS-L.
Simulations were not performed for the IS-S and8ISThe reasons were the fact that the area
occupied for annual crop area is very small (1®dtdres) for the IS-S, while for the SIS-M the
optimum combination of activities excluded the pree of annual crop activities subject to set

aside rules.

6.8.1.7- MINIMUM TILLAGE TECHNIQUES

Minimum tillage techniques have been agronomidasted in the region and the results
obtained are encouraging in terms of the produdiwels obtained, not only at the level of
cereals but also forage production. The implicetiof the adoption of minimum tillage
techniques at farm level are a reduction in pradoctosts, principally machinery and tractor
costs, and positive improvements in soil conseswatiith a reduction in the levels of erosion and
consequently the maintenance of the soils' long-fertility and production potential. However,
the adoption of this technique requires speciatlisgeequipment that in most cases has to be

acquired by farmers.

182



Figure 6.28 - Disposable Income with and withoubidtium Tillage for IS and SIS

A simulation was performed allowing the modethmose between minimum tillage and
traditional tillage techniques for wheat productionthe IS-S, IS-M and IS-L farms. No
consideration was included in the model to accdmnthe long-term benefits of a reduction in
soil erosion. Figure 6.28 compares disposableniecbetween the models with and without the
minimum tillage techniques and allows us to coneltitht marginal improvements in disposable
income are expected to occur for the IS-M and Ifsdims. On average, disposable income
increased 6 and 5 percent for the IS-M and IS-lpaesvely. With respect to the IS-S farm,
minimum tillage techniques were not adopted becdbsearea of cereals is not enough to
compensate the marginal cost incurred by the ad@itinvestment required.

6.8.1.8- SIMULATIONS OF SHEEPPRICES

In 1992 a stagnation of nominal prices of lamldhie Alentejo markets was observed.
Thus a reduction in sheep prices similar to the moposed for beef, 15 percent price reduction
over the period 1993 - 1995, was modelled to testimpact of a price reduction on income and
farm growth. The results show that the reductioshiaep prices has the effect of slowing down
the expansion of the SIS-M farms. Investmentasiced by 36 percent and this is reflected in a
reduction in the herd size and livestock relatacgstments. The IS-S and IS-M farms did not
suffer any significant changes in their expansibproduction capacities.
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Figure 6.29 - Disposable Income with and witholib&% Sheep Price Reduction for IS and SIS

The decrease in sheep prices causes a reductdispiosable income and consequently
consumption and return to net assets. As showkigare 6.29, disposable income is reduced
slightly for the IS-S and IS-M farms, while for ti8S-M disposable income drops to negative
values after 1994. No significant changes occtinénoptimum combination of activities. If IS-S
and I1S-M farmers adopt new technologies and aetsv/iind take opportunities for growth, they
will be able to survive in the long run even with%percent reduction on sheep prices. The SIS-
M farm based on forage and sheep production is semngitive to reductions in livestock prices.
This results in a decrease in the growth path asgodable income, increases the level and
number of years of debt, and decreases the atiilttyese farms to survive in the long run.

6.8.2 - More Extensive Farming Systems

6.8.2.1- INCOME AND PROFITABILITY

The results of disposable income and returns pitataand management for the first
scenario, presented in Figures 6.30 and 6.31, shiohaviour similar to the one observed for the
more intensive farms, in which disposable inconazines negative values for some farms in the
final years of the period considered. For PLS-8 BhS-M farms, disposable income reaches
negative values after 1996 and for the ES-L farspasable income is almost always negative
during the period considered. For the PLS-S fémrpositive income generated during the period
1994-1996 is mainly due to renting out the cereal/éster owned by the farm. However, after
1996, when it is scraped, a replacement machinetiprofitable and this extra income finishes.
The evolution of disposable income for the PLS-d &8-M is always positive and could be a
result of farm size and type of activities perfodneBoth farms have a production system based
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on forage-livestock activities in which beef adied dominate for the ES-M farm and sheep for
the PLS-L. In addition the PLS-L farm takes a #igant proportion of its income from vineyard
activities. The evolution of returns to capitalananagement shows a similar picture to the one
observed for disposable income, in which PLS-S,-FL8nd ES-M are not able to generate

enough funds to remunerate the capital invested.

Figure 6.30 - Disposable Income without Technolalgihange for ES and PLS

Figure 6.31 - Returns to Capital and Managemefitouit Technological Change for ES and PLS

When new technologies and activities as well godpnities for growth were considered
in the model, disposable income and returns totalaphnd management improve for all farms
analyzed, as can be seen in Figures 6.32 and/A&ga# the PLS-L and ES-M are the farms that
show an overall better performance in terms ofatiaple income, while the PLS-S, ES-M and
PLS-M show negative or zero values for disposaierne in the first years as a consequence of
using the income generated to expand their pramtuctpabilities. With respect to changes in the
returns to capital and management, the PLS-S farmot able to generate enough funds to
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remunerate capital invested after 1997 once rettrreapital and management reach negative
values, while PLS-L, ES-L and PLS-M are the farhet show a better performance in terms of

returns to capital and management.

Figure 6.33 - Returns to capital and managemehtT@thnological Change for ES and PLS

Similar to what was observed for the more intemdiarming systems, the extensive
farming systems are also extremely dependent atuption subsidies, as can be seen in figures
6.34 and 6.35. Without technological change tiregrgage of production subsidies in the total
product is greater than 35 percent of the totadlpcbfor the ES-L and PLS-M farms and between
20 and 30 percent for the ES-M and PLS-L. Thedeegashow that the farms with a better
economic performance are not the ones that rettgdvigher levels of production subsidies when
expressed in percentage of total product. On geefar the period considered subsidies
represented 18.4, 27.6, 38.5, 36.6 and 21.9 forPit®-S, ES-M, PLS-M, ES-L and PLS-L
respectively.
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Figure 6.35 - Percentage of Subsidies in Produtt Wechnological Change for ES and PLS

When new technologies and activities were consitigéhe percentage of subsidies in the
total product decreases for all farms analyzede falhms with higher levels of subsidies are the
ones that show a better economic performanceighia¢ PLS-L and ES-M. On average the PLS-
L, ES-M and ES-L are the farms that show higheellwf subsidies 23.3, 22.6 and 20.2 percent
of total product respectively, while the PLS-S aPdS-M farms show the lower levels of
subsidies 9.5 and 13.5 percent of the total prodisgtectively.

The weight of production subsidies in total sulesids on average 85 and 66 percent for
the more extensive farms, for the first and secso@hario respectively. Without technological
change the value is similar to the one obtained tfi@ more intensive farms, while with
technological change the weight of investment slibsiincreases to 34 percent of the total
amount of subsidies.
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Disposable income without the total amount of piadithn subsidies for the two scenarios
considered, are presented in Figures 6.36 and 6/8ithout technological change the income
generated is negative in almost all years of thiogeonsidered, showing the vulnerability and
dependence of the farms that belong to the momnsixe farming systems to the amount and
structure of the subsidies. In general the evmhutif disposable income improves when new
technologies and activities as well as opportusita growth were considered. However, with
the exception of the ES-M and the PLS-S farm, éselts confirm the importance of subsidies for
the generation of income in the more extensive ifegraystems.

Figure 6.36 - Disposable Income without Subsidies Bechnological Change for ES and PLS

Fig. 6.37- Disposable Income without Subsidiesaitld Technological Change for ES and PLS
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6.8.2.2- FAMILY CONSUMPTION

The levels of family consumption without technatad change are presented in Figure
6.38. The results show that family consumptiontfer PLS-S, PLS-M and ES-M are reduced to
the minimum levels of consumption after 1996. Hie5-S farm shows a consumption peak
during 1994-1996 due to income resulting from reptbut machinery activities already referred
to before, the PLS-M farm shows a consumption lestightly higher than the minimum
consumption levels for the period 1992-1996 andttier ES-L farm the consumption levels are
maintained at the minimum level during the wholeqakof analysis. As expected the ES-M and
PLS-L farms show the higher levels of family congtion but with a decreasing tendency. On
average, during the period analyzed, family condiomgorresponded to 1.6, 2.9, 1.2, 1.0 and 5.4
minimum annual wages per family LSU used for thes®, ES-M, PLS-M, ES-L and PLS-L
farms respectively.

When new technologies and activities as well apodpnities for growth were
considered, the corresponding changes in familgwmption presented in Figure 6.39, shows that
in general the consumption levels increase, althoing some years reductions in family
consumption are observed as a result of usingittarie generated in that year in investments to
improve the production capabilities of the farmiBuring the period analyzed the increases in
family consumption were on average modest foraatht when compared with the more intensive
farms and reached the following values 0.5, 0.8, 0.3 and 0.3 minimum annual wages per
family LSU for the PLS-S, ES-M, PLS-M, ES-L and RLS These results confirm that, with
technological change, the family consumption lew#lshe PLS-S, PLS-M, and ES-L farms are
low and correspond to 2.1, 1.6 and 1.3 minimum ahuanits per family LSU, which is lower than
the average national income.

6.8.2.3- INVESTMENT AND DEBT

The results comparing investment levels and nurobgears of debt with and without
technological change, displayed in Table 6.23, skiwat in general more extensive farms, to
improve their optimal profitability, have to incematheir investment levels from values that vary
from 65 percent for the PLS-S to 422 percent ferRhS-M. The majority of these investments
are associated with livestock activities as a tesiuthe expansion of sheep or beef enterprises
and, to a smaller extent, to vineyard activitiestifie PLS-S farm.
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Table 6.23 -Total Investment and Number of Yeaith Wiebt for More Extensive Farms

Total Investment * % Increase in | Number of Years with Debt
Farm Investment

Without New With New Without New With New

Technologies Technologies Technologies Technologies
PLS-S 5869 9665 65 6 0
ES-M 7960 19673 147 0 0
PLS-M 5712 29817 422 4 2
ES-L 5129 13157 156 9 1
PLS-L 26156 31733 21 0 0

* During the Period 1992-2000 in Thousand Escudos

Regarding the long-term survival of the more esien farms, one can conclude that the
ES-M and PLS-L farms will be able to survive in th&ure if no significant changes occur in the
agricultural policies tested, even if they do mapiove their production structure. The PLS-S,
PLS-M and ES-L farms, in order to stay in agricudtin the long-term, will have to improve their
production structure, because without technologibahge the accumulated debt and the number
of years in which it occurs will be a serious liatibn for their long-term survival. With
technological change the economic performance efetlfarms improves and their survival is
possible, but the income generated for family conion will be lower than the national average
income, imposing a serious limitation for their ntanance in the agricultural sector as viable
economic units.

6.8.2.4- CROP ANDLIVESTOCKACTIVITIES AND TECHNOLOGIES

Regarding crop activities, the results showed teatals have to be abandoned in farms
belonging to the extensive and poor land farmirgjesys, even in extended rotations with annual
forages and pastures. With the exception of th8-Plfarm, the optimum decision to abandon
cereal production is anticipated when technologatsnge and opportunities for growth are
considered. In this case the optimum productiatesy is based on annual forages and pastures,
and livestock activities in the form of sheep oeegh and cattle. Permanent crops such as olive
trees and vineyards are a viable alternative cajvity for some of these farms. However,
increases in area of these crops are legally ctsdriwhich limits their free expansion at farm
level as a possible alternative for farmers to isfiee in those activities.

With respect to livestock activities sheep andeare both viable economic alternatives
in the long run for these farms and the best gjydiar herd growth is its gradual expansion. The
optimum strategy for sheep production obtainedtfese farms is similar to the one described for
the intensive farms, in which a medium technologypmduction is recommended, along with
selling lambs of around 30 kilos and the inclusadrfeedstuffs in the fattening process. The
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optimum cattle strategy depends on farm capacifreoluce forage, and the sell of calves at 6
months or 18 months.

6.8.2.5 SMULATION ON SHEEPPRICES

The effect on disposable income of a 15 percaoé peduction in sheep prices for more

extensive farms is presented in Figures 6.40a at@tb/allowing us to conclude that on average
disposable income decreases by 11, 12, 28, 76 ardcént for the PLS-S, ES-M, PLS-M, ES-L
and PLS-L respectively.

Figure 6.40a - Disposable Income with and withollb% Reduction on Sheep Prices for PLS

Figure 6.40b - Disposable Income with and withollb&6 Reduction on Sheep Prices for ES

The sheep price reduction simulation influencedatigely the sheep herd growth for
those farms (PLS-S and ES-L) with a livestock systased only on sheep, while for the farms
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with a mixed sheep-cattle livestock system (ES-Mi &LS-M), sheep herd growth was
substituted by cattle herd growth. Regarding th&-P farm in which the sheep production
technology is based on three birth in two yeaesréduction on sheep prices did not influence the
herd size and only changed the optimum servingh lind selling periods. These results show
that farmers strategy of growth with respect tediock activities should be gradual and should
incorporate market signals in terms of output @ice

6.9- FARM SIZE AND FARM DEVELOPMENT

The interpretation of the results and the consatioe@nclusions that it is possible to draw
from this chapter, should consider the charactesistf the process of farm growth identified in
section 4.5 in which it was found that the prooagfstarm growth was farming system and farm
specific. This conclusion means that some prudshoeld be exercised before generalizing the
results of this chapter to all farms of the samniiag system by area class. This prudence should
even be greater if one bears on mind the limitatiand assumptions that are embodied in the
models built, although it is believed the modeks arclose representation of reality and that the
assumptions made about farm development are rda@ednam an economic and technical view
point.

Although increases in area size were not testesgtttli, the results show that in general
larger area sized farms have a greater capaciyrtdve in the long run than smaller farms. One
of the forms that smaller farms have to increasir tbapacity to survive in the long-run is to
increase their area size through buying or reminge land. The example of the IS-S, in which
renting of pasture land is able to increase the fi@ed supply and maintain a sheep herd with a
significant size, lead us to conclude that for $imadl medium sized farms a increase in area is an
interesting alternative to increase the viabilitytem.

The average values of land shadow prices shovigire 6.41 for the more intensive
and more extensive farms, indicates that in reaiddand prices and (their rental value) are going
to decrease in the long term which means that fanaishave own land will see a fall in their
capital values. The comparison of the averageegahf lands shadow price for the first half
(1992-1995) of the decade with the values for #wsd half (1996-2000), shows that land prices
will decrease around 40 per cent for the more gitenand 60 per cent for the extensive farming
systems. The decrease in land prices associatbdanprobable exit of some farmers from
agriculture could increase in the future the charafesmall and medium farmers or even large
farms to increase their area size. The most retaatshows that the number of farms in Alentejo
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was reduced by 9559 or 20 per cent of total indakefive-six years. However, some caution has
to be exercised in the analysis of the role of aiga increases through land renting in the
development of small and medium farms, becauskeo&grarian problems that have occurred in

the region.
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Figure 6.41 -Average Land Shadow Prices for the More Intensiad Extensive Farmil

Systems

The results obtained in the previous sectionsvaitbus also to conclude that for the SIS,
PLS and ES farms, there will probably be a tendefmrythe specialization in livestock
production. For the farms belonging to these fagrsystems, the capacity to survive will be
greater or easier for those farms that have alréady a significant capital livestock either in
terms of sheep or cattle as with the IS-S, ES-M$S-BLfarms - meaning that the capacity to
survive increases with the size of livestock cajtalt in the past.

6.10 - SUMMARY

A multiperiod linear programming model was builtdtudy during the period 1992-2000
under the 1992 CAP reform, the development of riarens belonging to the four selected
Alentejan farming systems (IS, SIS, ES and PL)e imodel developed had a recursive nature
and incorporated a set of a set of production,stment, policy and fund flows activities and
constraints, to represent as close as possibkatityrthe production and economic environment
that Alentejan farms will face. Two basic scenangere compared, a first assuming that farms
maintain their technology and size equal to thaeoled in 1988, and a second considering that
farms would take opportunities for growth (exceptarea) and introduce new technologies and
activities. Additional simulations were performagth respect to set-aside, minimum tillage

techniques and sheep prices.
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The results obtained showed by farming systemfamd size the changes in disposable
income, returns to capital and management, fanaihsemption, subsidies, investment and debt,
allowing us to identify the best strategy of depehent for those farming systems. If no
opportunities for growth are taken, which corresjsoto the first scenario considered, disposable
income as well as returns to capital and managenearease over the period studied and the
survival of the SIS-M and PLS-S, PLS-M and ES-L w#é problematic. When opportunities for
growth are considered, which corresponds to theorskcscenario analyzed, there are
improvements in income and returns to capital andagement generated. However, even taking
opportunities for growth and new activities anchtemlogies, farms belonging to the SIS-M, PLS-
S, PLS-M, and ES-L, will have difficulties in geaéing in the long-term incomes above the basic
requirement levels (minimum wage for agriculturdlich puts their survival at risk.

For all farms and farming systems, direct subsitigve an important contribution to total
product generated and its percentage of total ptodapends on farm as well as scenarios
considered. The percentage of direct subsidigstal product is lower when opportunities for
growth and new technologies and activities weresictemed, and for this scenario direct subsidies
varied from around 9.5 per cent for the PLS-S t@&2cent for the IS-L farm. If these subsidies
are deducted from disposable income, the majofityhe farms show on average for the period
analyzed, negative values for disposable incomie thié exception of the IS-M, ES-M and PLS-S
farms. These results show that any changes iprésent agricultural policies, in order to reduce
the actual level of direct subsidies, will havettier negative effects on the long-term capacity to
survive not only for the SIS-M, PLS-S, PLS-M andEfarms but also for the farms belonging to
the extensive and intensive systems.

With respect to crop and livestock activities thsults showed that cereals are profitable
in the farms belonging to the intensive farmingeyswhich occupies the best productive soils of
Alentejo region, while for the SIS, ES and PLS fagnsystems the area of cereals decrease
through time. For these farming systems, the afagereals would be gradually substituted by
forages that supply the feeding needs of a livistard that tends to increase. The results
showed that for the SIS, PLS and ES there is ataydfor a specialization in livestock activities
either sheep or beef cows. For sheep a mediumdkayy of production is recommended with
the inclusion of feedstuffs in lamb fattening, ighfior beef cows the optimum strategy depends
on the capacity of the farm to produce forages @rsequently calves will be sold at 6 or 18
months.

For the farms that produce cereals, the wheabnsgpcurve modelled showed that an
extensification in the production methods, with ésvievels of input use, would be a good farm
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strategy for the future since subsidies are paidhenarea cultivated and not on the quantity
produced. Additional simulations showed that ttheption of minimum tillage techniques caused
small improvements in farm income, that farms sthapt for the set aside schemes and that a
reduction of 15 percent in sheep prices reduces fiacome and slows down the growth of herd
size principally for the SIS-M, PLS-S and ES-L farm

The results and conclusions obtained for the particular farms selected in this chapter
can only be generalized with caution to each ofdhaing system and area classes of which they
form a part, considering the discussion of sectid) where it was found that the process of
growth of Alentejan farms was dependent not onlythanfarming system but also on the farm
considered. This means that each farm - smalljumedr large - will have a specific growth or
decline pattern which will depend not only on tleereomic environment but but also on farmer
characteristics.

Although not tested directly (with exception of$Sarm), increases in area size can be
considered as one of the methods of increasingapacity of some of the small and medium, and
even larger farmers to stay in agriculture and owertheir scale of operations. This depends
upon the availability of land in the market andtsfprice either to rent or to buy. The analydis o
land shadow prices allows us to conclude that @h terms land prices will be decreasing in the
future. This expected decrease in land prices tnd@gbourage some farmers to sell up the land
now, while the prices are high, thus facilitatimgreases in area size of other Alentejan farms,
either small, medium or large. For small farmshsas the IS-S, it was shown that land renting
either through permanent or temporary agreemengs ismportant source of the feed supply
which allows the maintainance of a large livesthekd than would otherwise be possible.

The general direction of the results obtained iftsome, returns to capital and
management, and crop and livestock activitieshis tesearch were similar to those reached by
previous authors that analyzed the development lefitdjan farms in a comparative static
framework, first in the context of the agreememtsthe first and second stage of the transition
period and more recently for the 1992 CAP reformifathe study performed by Carvalho (1994)
for three Alentejan farms).

The development behaviour of the Alentejan farritisalgo be affected by the variability
in crop and livestock activities due to weathectiiations that are observed between different
years. This variability was not incorporated ia thodels built since constant average yields were
adopted. The conclusions reached by Carvalho j188darding the incorporation of risk due to
crop and livestock variability were: as expectegediification is a way of reducing the risk of
variations in farm income, farms specialized inpcagtivities (cereals, oilseeds and protein crops)
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are associated with higher levels of risk, farmscgized in livestock activities are associated
with lower levels of risk and irrigated crops whanesent have a stabilizing effect both either in
terms of forage production or income generation.

The above conclusions generalized to our farms rasdlts would imply that the
specialized crop farm IS-L and the IS-M farm wiliosv the highest income variability when
variation in crop yields occur due to weather cleanghile the other seven farms that tended to
specialize in livestock will show a lower variahyjlin farm income. For these farms, in the years
with unfavourable conditions for forage productitile amount of forage bought outside the farm
will increase and the fattening periods may be ceduvhich could lead to a reduction in farm

income.
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CHAPTER VIl - CONCLUSIONS

The objective of this chapter is to summarize mha&n conclusions of the research
undertaken in this thesis, to list the principalitations that were present and to propose future
research work.

7.1- GENERAL CONCLUSIONS

In this study four Alentejan farming systems -eimgive (IS), semi-intensive (SIS),
extensive (ES), and poor lands (PLS) - were saleatel analyzed. The IS and SIS farming
systems occupy the best soils of the Alentejo regiad show more intensive production
characteristics than the ES and PLS farming systefhe most important agricultural activities
are crop enterprises for the IS, livestock entegsrfor the ES and a mixture of crop and livestock
for the PLS and SIS farming systems.

The analysis of the selected farming systems wdentaken considering the following
aspects. First, the characteristics of the prooEfam growth and the measurement of individual
levels of technical efficiency were evaluated. sTAnalysis was performed on a panel of farms
based on RICA data for the period 1987-1991 andnithodologies employed were a covariance
model, and parametric and nonparametric methodgsectsgely. Second, a multiperiod farm
growth model using linear programming techniques tmailt for the period 1992-2000 with the
objective of predicting the impact of the 1992 CisForm on the development of the four farming
systems selected.

During the period 1987-1991 the aggregate dateedmh one of the farming systems
selected allowed us to conclude that positive ae®e were observed in the area per farm of
cereals and oilseeds, livestock herd size, caglitaik, direct subsidies and total product, while
negative changes were observed in the levels alutabse and profitability. The covariance
growth model tested for labour, capital, livest@id product variables showed that the farms
belonging to each farming system had a patternroftp that was farm and farming system
specific, meaning that farm growth rates vary betw¢he farming systems and inside each
farming system between the different farms. Thatimship between farm size and farm growth
was found to be negative and significant - smatngagrow faster than larger farms - which
allowed us to reject Gibrat's law of proportionetiect.

Technical efficiency levels measured for the pbri®87-1991 using parametric and
nonparametric approaches gave similar results keigpect to farm ranking, although absolute



levels of technical efficiency differed. As repmitin other studies, the levels of technical
efficiency measured by the nonparametric approatl to be higher than the levels of technical
efficiency estimated by the parametric methodse paérametric estimation used a Cobb-Douglas
production frontier and the 'within estimator' wesdected by the Hausman-Taylor test as the
estimator that best described the data.

The average levels of technical efficiency (42€tcpnt for the parametric and 61.3
percent for the nonparametric methods) showed ttiere is room to improve the levels of
technical efficiency of the farms belonging to eacte of the farming systems. This means that
improvements in farm management and consequentheibest combination of input use could in
the future be one of the ways that farmers shouldyg with the objective of increasing the
profitability of their farms. The need to improthe level of technical efficiency would be higher
for the farms belonging to the ES and SIS farmiygiesns, while the farms belonging to the IS
farming system show lower requirements.

A further decomposition of nonparametric levelte€hnical efficiency (OTE) showed
that a significant proportion of the inefficiencgserved was due to pure technical (average value
77.6) and scale (average value 84.3) efficiencylendongestion efficiency (average value 93.9)
made a smaller contribution to inefficiency. Impements in the levels of technical efficiency
would demand not only a better use of inputs bsi &creases in the size of farms since the
majority of them are located in the increasing meguo scale range. For those farms in which
inputs were constraining production, land was fotmbe the input with the higher shadow price,
or more able to generate higher increases in teshefficiency if one more unit of it was
available, while for the farms that were ineffidi¢gine inputs that were more frequently in excess
were land and machinery.

When farm size is expressed in hectares, largesfare less efficient than smaller farms,
while when size is expressed in the volume of daleger farms are more efficient than smaller
farms. A direct relationship between the levelsechnical efficiency and the rates of growth of
farms was not found, but for farms with the sarae #ie ones that grow faster show higher levels
of technical efficiency.

The relationship between technical efficiency amlder farm characteristics such as
experience, land ownership, irrigation, labour tyfieestock and specialization showed that
improvements in the level of technical efficiencpuld be more important for those farms in
which farmers are more than 40 years of age, dfi@tsand specialized in livestock production
in particular sheep production.
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A growth model was built to study the impact oé th992 CAP reform on Alentejan
farms. Nine farms with different farm sizes weedested and analyzed, recognizing that farm
development and growth depends upon farm size amdirfg system. Two scenarios were
simulated: 1) considering that the level of tecbggland farm size was maintained constant, and
2) considering improvements in the level of trehtelogies used and increases in farm size (with
exception of area size). This second scenariaacated the need to improve the levels of pure
technical and scale efficiency of Alentejan fareiemred to above.

For the first scenario considered, farm incomeeabses for all farms during the period
1992-2000 and the survival of the SIS-M, PLS-S, #L8nd ES-L farms will be difficult in the
long-term without improvements in the technologied size of the farms. The simulation of the
second scenario resulted in an improvement in tiofitaility of all farms, but the income
generated for farmer consumption is still closegh& minimum requirement levels (minimum
wage rate for agriculture) for the SIS-M, PLS-SSPM and ES-L farms.

The results obtained from the two scenarios apdlguggested that the development of
Alentejan farms will depend on their farm size amdthe farming system that farms belong to.
For the farms belonging to the SIS, ES and PLShést development strategy will be through the
growth and improvement of livestock activities,ceimrmost of the cereal activities that used to be
an important component of their economic activity already not profitable or will not be in the
near future. This strategy to be implemented deisan effort of investment in herd growth and
related durable inputs, in particular for the fatmetonging to the PLS and SIS farming systems.
Farmers belonging to the ES farming system wilhban advantage when compared with the PLS
and SIS farms, because they are already speciatizeestock production, and could proceed to
annual and gradual increases in their herd sizeamitmals born on their farms.

If the above strategy is followed for the SIS, &l PLS farms, small and medium-sized
farms will struggle in the long-run to survive, base the income generated will not be able to
remunerate adequately the investments made arfdrttiy labour employed. These results are
confirmed by the most recent data available whithwed that the number of small farms have
decreased substantially between 1989 and 1993 (I885). The survival of the small and
medium sized farms will demand increases in amaa@i probably the transformation of full-time
into part-time farmers. This hypothesis was nstet@, but increases in area size will depend on
farmers' capacity to buy or rent more land andatfalability of land in the market. Land shadow
prices would tend to decrease during the periodyaed, suggesting a scenario in which there
will be enhanced commercial incentives for somenfato expand their scale of operation by
acquiring (or renting) the land of their neighbours



The increase in part-time farming will mainly dagdeon the availability of new jobs
outside agriculture, the willingness of farmeratacept a new activity and farmers' skills to fulfil
the jobs available. At the moment, the age anduakkills of Alentejan farmers as well as the
rate of unemployment in the region, are likely tb @& a barrier to such attempts to complement
farm income with off-farm work.

Regarding farms belonging to the IS farming systdmase farms will not have many
difficulties in surviving in the long-run, althoudbr the IS small and medium farms, their survival
will demand that cereal activities be associateth Wivestock activities, in particular sheep
production, which is well adapted as a complemgndativity to cereal production. Regarding
the intensive small farms, the existence of a mesle herd size complementary to cereal
production will demand the renting in of pastuneddo satisfy the feed requirements of the herd
during critical periods of the year.

The specialization in livestock production for Bk, PLS, and ES farming systems and
the correspondent abandoning of cereals activilyoause a decrease in input use, which will
affect the labour, machinery and equipment, anerimediate inputs markets and consequently
important aspects of the economy of the Alentejgiore This decrease in input use will
reinforced by the fact that the simulations showed intensive production technologies are not
the best farm strategy in terms of livestock arapgeroduction, and that for the majority of the
activities studied, extensive or intermediate tetbgies are the best strategy that farmers can
adopt to take full advantage of the agriculturdigies in place.

Considering only the IS farming system, the aboweclusions were reinforced by the
inclusion of a quadratic response function for vihveith different levels of nitrogen use, which
showed that the decrease in output prices leddeceease in the optimum level of nitrogen use
and output produced since the cereal subsidiegaidein terms of area cultivated. Although not
tested due to lack of data, this conclusion if galiwed to other crop activities that receive area
payments could indicate that the best farm strategyd be an extensification towards the use of
lower levels of variable inputs. In this situatitme area subsidies received can represent for
farmers the minimum expected net margin from crcijvities. |If this strategy is profitable for
adoption by farmers of the different farming sysidior the different crops, then the predictions
of the model in terms of annual crops and incomettie SIS, PLS and ES would have been
different. This hypothesis was not tested duedk ¢d data in terms of output response to variable
inputs for other crops and farming systems.

If farmers perceive extensification as one of Wable economic alternatives to their
farming activities, this will have serious implizats in the labour market of the region, in which
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agricultural workers represent a significant petage of the agriculturally active population of
many Alentejan rural communities. The number adraployed agricultural workers will tend to
rise and if alternative jobs are not available, ratign to regional and national urban centres as
well as to foreign countries will probably be thaion taken by the more skilled labour, while the
unskilled and older labour force will be confrontedth long-term unemployment, and the
government and national institutions will probaldge the chronic emergence of latent social
problems.

The additional simulations performed allowed usdaclude: that adoption of minimum
tillage techniques, which is another extensificatitrategy that farmers can pursue, leads to an
improvement in farm income due to a reduction ofinirzery costs; that farmers should accept the
Community set aside schemes; and that a reductisingep prices, besides reducing farm income,
slow down the growth of the herd size for some farm

For the farms that will stay in agriculture theokenion of their profitability and income
will be highly dependent on the subsidies receiverth the European Community and from the
Portuguese government for the national aids tleat@ailable. Any decrease in the present level
of subsidies will have a negative impact on farineomes principally for those in which the
amount of direct subsidy payments received reptedbe additional margin for their activities
that allow them to stay in business. This meamsd farther reductions in the support of
agriculture by the agricultural policies that aneplace, will imply further adjustments in the
agricultural sector of the region. Thus, any fartheduction in the level of price support as a
result of the GATT agreement would impact on fagvenues.

Farmers' dependence on agricultural subsidientieducing a new economic element
into the farmers' decision-making process which dlve social and economic implications for
their future. The direct subsidy element is stistig farmers' dependence on fixed agricultural
prices, a practice that was institutionalized gy Estado Novo regime and maintained until 1986,
in which prices were fixed at a level that covefadners' costs. Although both elements are
different and with distinct social and economic licgtions, they have in common the fact that
farmers continue to be dependent on the governarghstate institutions to receive a significant
proportion of their basic income. The implicatimfsthis change on farmers' behaviour towards
modernization and adaptation to the hew competé@omic environment that they are facing
remain to be observed in the future.

The objective of this research was to look atAlemtejo agriculture from the view point

of its farming systems, and to analyze differemt eelated aspects such as growth, efficiency and
farm development. The research approach takem logstihe Alentejo farming systems proved to
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be consistent and able to be recommended for futesearch works about the Alentejo
agriculture, as well as the importance of studyfimgeach farming system farms belonging to
different farm size classes.

This study also widened the scope of previousarebeundertaken about Alentejan
agriculture and farming systems to include aspesitded with efficiency and growth based on
historical data, and to build a growth model todmethe future development of Alentejan farms
based on linear programming techniques. This dramddel proved to be a good instrument for
analysing farm development and could be utilizethim future as a valuable and practical farm
planning technique as well as for purposes of ngsthe long-run impact of alternative
agricultural policies.

although further improvements to include othereatpsuch as area size changes, variability in
production and environmental considerations (em)sape desirable.

The estimation and measurement of technical effay allowed us to estimate and
measure technical efficiency for the farming systesalected and to further decompose it into
three components. At the same time a comparisbmeba two alternative methodologies of
estimating technical efficiency (parametric and pamametric methods) and between the results
obtained and those shown in similar studies peddrmith the same objective was undertaken.
In general, the methodologies employed proved ttobnd suitable for the available data and
hypotheses tested.

7.2-LIMITATIONS

The research conducted in this study had two tgpdimitations that reduced the scope
of the analysis: 1) limitations related to data anftware availability, and 2) limitations resugiin
from the assumptions embodied in the methodolagies.

First, RICA data was made available in two differgme periods. The data for 1988 was
available at the beginning of the research, whike panel data for 1987-1991 was only made
available when the farm growth models had alreagnbbuilt and the results obtained. This
limitation meant that the selection of the farmanadi as the model verification was undertaken
based only on the first RICA data set availableecddd, the program used to solve the liner
programming models - SAS/OR - was made availahile same delay; and limits were placed on
computer time as well as program use. These liimitsi reduced the number of simulations, and
precluded the inclusion of risk in the analysis.
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With respect to the estimation and measuremenéwals of technical efficiency the
conclusions should take into consideration thetéitiins due to the quality of the RICA data set,
the omission of some variables such as managementisk, and the non-inclusion of quality
differences between family and hired labour anavben the different types of hired labour.

Regarding the farm growth model, besides the ditinihs derived from the linear
programming assumptions, the conclusions drawnldhalgo take into consideration that: 1)
yield variability was not considered, which ledatavorse approximation between the models built
and the results obtained with the reality, 2) tbeutlts obtained for each one of the nine farms
cannot be generalized in a direct manner for athgaby size class and farming system since farm
growth depends upon farming system and farm, 3stle@arios considered do not represent all
the alternatives that farmers may have in termgroivth, technologies and activities available,
and 4) for the second scenario analyzed it wasrasbthat the management capacities of farmers
enable them to adopt the technologies consideredtartake the opportunities for growth
resulting from the model, and this might not bedhse for some farmers.

7.3- FUTURE RESEARCH

This research examined only four of the ten agitical systems of Alentejo region,
which implies that the permanent crop and foreastpjcultural systems not analyzed in this study
should also be considered in future studies eitheerms of measuring the levels of technical
efficiency or predicting their future developmenter the CAP reform.

Considering the life period of the activities ihxexd in the permanent crop (wine, olive
and fruit trees) and forestry agricultural systeths, prediction of its development will demand a
longer programming model with the objective of geiig the revenue and cost flows during its
full life period. With respect to Mediterraneandst, besides the agronomic research needed to
preserve and improve its production potentiale@snomic viability should be evaluated not only
in association with forage and livestock productamtivities, but also considering the positive
externalities that this natural forestry ecosysterable to generate, when compared with more
intensive forestry activities that present negagixeernalities in the long-run.

With the availability of RICA data for the peripdst 1991, the measurement of the levels
of technical efficiency of the farming systems &uddthrough the parametric and nonparametric
methods could be improved, and a comparison bettiearesults obtained for the growth models
of the nine farms selected with the real farm ougmuld be made. It will also be reasonable to
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test if technical efficiency is time varying or remtd to measure the rates of technical change of
Alentejan farms, using both the parametric and amapetric approaches.

For small and medium sized Alentejan farms, immgean area size as well as off-farm
job opportunities were not directly tested in tiisearch. Testing these two hypothesis should be
a priority in future studies with the objective @faluating the minimum area size of farms to be
able to survive under the CAP and to test the etithyeness between on-farm and off-farm jobs
respectively in Alentejo region.

If data becomes available on output responseffierelit levels of variable input use for
the different crops that benefit from area subsidikeen it will be of interest from the view point
of farmers to calculate the minimum variable inpsé in order to maximize the profits of crop
activities considering market prices and area paysne

Variability in yield levels of crop and livestoelctivities due to weather changes were not
incorporated in the growth model of Alentejan farsitece average yields were considered. The
inclusion of yield variability in the programmingoakel of farm growth through the use of risk
programming techniques with the objective of ragtfarm growth with risk and to define the
best strategies of farm growth in a risky environtrghould be considered in future studies to
complement the results obtained in this research.

With respect to the methodological approach foddvior the farm growth model built in
which a multiperiod linear programming approach wihssen, computing problems were found
in solving the models due to the size of the mesriand the presence of integer variables. A
future alternative strategy to be developed andesould be the utilization of a pure recursive
linear programming approach, in which the sequerfcéhe different years could be linked
together through the appropriate transfer variablgisag computing programming techniques
compatible with the linear programming algorithnosén, in such a way that the output for the
transfer variables of one year enters directlyhasiriput for the next year. This approach would
solve the model for the years in consideration mteoand would reduce significantly the
computing time needed, but will demand the inclusimd the knowledge about the flexibility
constraints that bind in each year the growth ofeséarm variables.

In a broader perspective, a future research priaiil be the identification of the zones
or counties that will be most affected by the negaimpact of the CAP in coming years, and to
find alternative ways of softening that impact ider to create conditions to increase the levels of
employment and income in the Alentejo rural ared$his demands integrated and objective
studies about the future role and weight of thdéedifit sectors of activity in the zones and
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counties identified and their linkage with the magl economy and development strategy.
Considering that the Alentejo region did not suffiee negative impacts of the industrial and
urban development that occurred in Portugal dutfireglast two to three decades, resulting in a
rural and urban landscape that is very well pregkr¢ourism in its urban and rural forms

complemented with recreational activities couldabealternative, but should not be the only one
to be considered in those studies.
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Figure 1 - Average Farm Size by Farming System

Figure 2 - Average Irrigated Area per Farm by Fag#ystem

Figure 3 - Average Cultivated Land per Farm by Fagn$ystem




Figure 7 - Average Livestock Herd per Farm by Fag®ystem

Figure 8 - Percentage of Sheep in Total LivestoekdHby Farming System

Figure 9 - Average Labour Size per Farm by FarrSiystem




Figure 10 - Percentage of Hired Labour in Totaldwatby Farming System

Figure 11 - Average Total Capital per Hectare hyrfiag System

Figure 12 - Average Machinery and Equipment Capi¢alHectare by Farming System
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Figure 13 - Average Intermediate Costs per Hedtpfearming System

Figure 14 - Average Fixed Costs per Hectare by Far@ystem

Figure 15 - Percentage of Crop Product in Totatlcoby Farming System




Figure 16 - Percentage of Livestock Product in MBtaduct by Farming System

Figure 17 - Percentage of Subsidies in Total probyéarming System

Figure 18 - Total Product per Hectare by Farmingt&wn




Figure 19 - Value Added per Hectare by Farmingeyst

Figure 20 - Net Income per Hectare by Farming Syste
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Table 1 - Qutput and Input Quantities Used to Eval uate Technica
Efficiency by Farm ng System and Year

Farm Farm ng Year Pr oduct Land Labour Crop Machi nery
Nunmber System Li vest. Equi pnent
50201 ES 1987 1964 100 8040 381 139
50204 ES 1987 1101 271 19704 791 181
50208 ES 1987 3717 316 13392 1799 401
50217 ES 1987 2152 136 8304 425 189
50218 ES 1987 1036 12 5376 376 61
50220 ES 1987 1852 68 3696 319 284
50300 ES 1987 780 70 3576 390 225
50301 ES 1987 13923 491 29880 3487 871
50302 ES 1987 3527 183 9096 1099 512
50316 ES 1987 1004 69 2832 233 33
50317 ES 1987 3182 75 5880 643 254
50318 ES 1987 972 115 2400 493 261
50319 ES 1987 670 94 2808 146 74
50321 ES 1987 2028 113 19224 414 705
50322 ES 1987 1686 379 12600 636 170
50323 ES 1987 6572 319 21216 1946 1400
50412 ES 1987 2024 21 5520 320 272
50413 ES 1987 9451 113 11952 1363 1368
52536 ES 1987 7208 93 6312 1164 431
52561 ES 1987 972 4 2928 848 78
52567 ES 1987 792 16 2808 274 220
52568 ES 1987 2332 24 3696 1160 185
55027 ES 1987 4138 66 6048 731 506
55038 ES 1987 7215 103 17328 903 1831
55052 ES 1987 10158 108 5784 882 704
55053 ES 1987 4599 80 2400 1012 781
56006 ES 1987 4312 124 6336 575 332
56020 ES 1987 9064 279 10032 2170 1381
50021 IS 1987 3883 145 9792 343 240
50039 IS 1987 7288 79 3720 569 2351
50044 IS 1987 1563 69 3216 186 189
50047 IS 1987 366 16 4824 34 18
50056 IS 1987 2765 35 3240 337 610
50060 IS 1987 9609 796 19848 1180 1620
55004 IS 1987 1870 69 6816 341 316
55010 IS 1987 7897 500 6720 651 609
55011 IS 1987 787 63 4008 143 168
55013 IS 1987 946 63 6120 204 143
55014 IS 1987 4157 145 2640 526 160
55017 IS 1987 3985 284 3048 1003 514
55019 IS 1987 1319 48 6912 466 306
55020 IS 1987 11659 315 4080 1041 816
55021 IS 1987 3044 172 2400 536 191
55026 IS 1987 4011 132 2496 581 430
55035 IS 1987 14373 1229 20616 1371 736
55055 IS 1987 19529 901 7824 3775 3568
56011 IS 1987 5619 161 9216 658 342
50045 PLS 1987 1247 156 3720 584 505
52527 PLS 1987 2835 152 8568 489 273
52538 PLS 1987 1239 35 5688 122 41
52541 PLS 1987 4471 186 2952 1310 587
52545 PLS 1987 13961 468 9432 1545 1045
52553 PLS 1987 1528 19 2904 283 126
52556 PLS 1987 14753 394 23904 978 1196
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52558
52559
52560
52563
52564
52565
52566
52569
53752
53762
53766
54007
55015
55018
56003
56004
56015
56018
56019
56021
50005
50006
50012
50026
50038
50049
50050
50058
50207
50212
50303
50304
50305
50418
52510
52512
52517
52529
52562
53759
54001
54003
54005
56001
56002
56008
50201
50204
50208
50217
50218
50220
50300
50301
50302
50316
50317
50318
50319
50321

PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS

ES

ES

ES

ES

ES

ES

ES

ES

ES

ES

ES

ES

ES

ES

1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988

9678
1123
2986
5800
15323
8408
5375
4200
1494
16922
23915
1464
4287
435
3286
763
1287
2753
5397
12474
7770
2459
40481
5828
4633
2077
2929
1956
5405
3371
9380
1444
2968
11326
2078
4320
5349
4951
19256
2063
783
4289
5006
24725
1733
7579
1044
1350
1538
1804
1373
1781
423
10299
3055
695
1818
706
1011
1136

66
17
38
111
507
274
131
56
228
187
547
120
612
42
209
13
327
1217
215
678
777
292
1137
48
108
201
81
51
687
61
297
51
53
299
194
219
93
271
926
12

171
173
348
43
378
107
278
325
157
13
69
27
590
188
77
77
118
96
115

231

5904
3840
3840
2592
12816
6144
5088
3792
9504
8280
17856
8640
2904
2520
12120
5112
7032
8256
7368
21048
18192
16920
109440
15648
4872
2904
6936
5088
6528
9072
13296
5856
6552
15144
8160
15552
8064
10200
19944
3840
4200
7272
12960
16800
6384
25464
4848
13752
16152
7392
7272
4824
5712
37248
7248
2760
3408
2472
2640
9216

802
85
205
643
2498
660
987
437
673
4480
1103
426
952
90
1592
160
327
971
1677
2057
1353
624
6024
2217
764
740
637
350
2039
632
1188
196
726
1213
1022
791
1034
250
4439
819
68
438
1549
2024
189
2532
353
828
1503
467
603
791
311
4403
1565
194
482
592
280
459

319
228
360
516
1646
1485
434
165
517
651
1005
233
388
142
317
215
327
472
180
1495
1669
396
3498
169
161
198
46
196
506
416
581
216
132
927
654
363
585
240
1966
159
51
234
1618
956
265
707
274
160
266
157
38
259
198
1224
693
85
348
411
19
485



50322
50323
50412
50413
52536
52561
52567
52568
55027
55038
55052
55053
56006
56020
50021
50039
50044
50047
50056
50060
55004
55010
55011
55013
55014
55017
55019
55020
55021
55026
55035
55055
56011
50045
52527
52538
52541
52545
52553
52556
52558
52559
52560
52563
52564
52565
52566
52569
53752
53762
53766
54007
55015
55018
56003
56004
56015
56018
56019
56021

ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS

1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988

2843
444
1647
9905
9651
1163
881
3321
3194
2950
8498
2292
2970
8785
3880
8586
1251
548
2782
4405
2031
9147
1023
1577
2539
3076
1543
7117
1958
2194
6921
10419
3153
1542
664
347
9315
4165
1112
9545
4528
1103
2734
2253
11947
5573
5651
3978
1122
7768
2948
1218
3221
821
6543
462
2018
2408
7046
9267

224
135
22
116
96

17
25
80
106
111
82
127
287
160
125
76
26
87
59
76
590
69
69
160
312
53
347
189
146
1354
993
132
121
119
28
145
366
32
308
52
14
30
87
396
214
102
52
178
146
443
94
479
33
163
11
256
952
169
557

232

11880
8736
5208
8784

10032
2808
2400
8136
4800
6144
4800
2400
7608

11400
5856
2448
1176
4200
3552

792
5256
8448
4608
3000
2592
3072
6168
5208
2400
2400

20088

12000
4800
5808
5616
4680
2760
8280
3408

29736
5640
3000
3264
3168

10008
5568
3816
4128
9288
6576
9576
7056
4800
4392

10920
5232
5328
7872
8208

18144

620
338
454
1683
1529
847
319
1579
606
392
1894
1206
745
2393
363
1127
186
31
293
385
830
1260
127
186
531
1287
630
810
508
414
976
3071
665
591
244
52
1029
1660
313
1454
913
122
401
803
1927
1234
553
145
590
7354
698
448
1679
81
1109
217
552
908
2290
2598

177
75
217
1666
664
168
237
215
471
1469
1285
669
381
1698
163
1970
172
21
572
984
302
927
347
53
506
376
368
633
283
430
861
3248
550
460
83
71
780
988
102
1284
514
130
272
364
1470
1111
392
420
350
749
905
291
1155
100
429
204
414
360
106
1478



50005
50006
50012
50026
50038
50049
50050
50058
50207
50212
50303
50304
50305
50418
52510
52512
52517
52529
52562
53759
54001
54003
54005
56001
56002
56008
50201
50204
50208
50217
50218
50220
50300
50301
50302
50316
50317
50318
50319
50321
50322
50323
50412
50413
52536
52561
52567
52568
55027
55038
55052
55053
56006
56020
50021
50039
50044
50047
50056
50060

SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
IS
IS
IS
IS
IS
IS

1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989

10135
2234
3077
7183
2458
1246
2290
1710
2099
1185
2778

968
1254

18111
2321
6693
5777
3640

16486

882
534
3409
4115

25264
1823
7597

460
1256
3000

941

967
1324

450
5456
6302
1066

509

933

977

804
3409

651
3152
7051
6323

579

798
5884
4600
5222
7013
4772
5131
9471
3052
6329
1128

262
2716
2556

642
252
59
41
91
166
68
43
224
119
253
43
43
255
166
187
79
233
791
10

146
148
230
36
312
103
256
325
104
13
34
26
572
181
74
74
113
92
190
368
145
22
121
117

16
24
61
82
109
80
122
280
96
99
46

52
36

233

5448
16368
4320
7200
5088
5640
6168
6000
7200
6672
12528
2760
7320
15552
8232
12600
5400
7440
21360
3600
4488
4608
12480
31824
5856
17736
4272
17976
14832
10800
7560
4800
5376
32712
8928
3096
2928
2928
3360
10392
14400
2664
4992
8256
9408
2400
4992
4152
5136
7920
4152
2400
5568
10104
8040
2280
1392
4392
4248
816

2138
500
290

3421

1034
782

1058
209
801
633
642
212
612

2832

1050
979

1755
699

4503

1321

70
615

1232

2713
261

1730
271
919

1065
449
482
555
200

3867

1802
198
419
572
460
417
882
344

1026

1395

1669
684
280

2668
593
652
966

1212
825

2475
249
911
328

39
283
473

1163
332
543
219
216
125
374
102
603
306
377
214
234

2026
327
855
638
372

1975
154

40
288

1245

1778
278
751
202
157
409
308

23
286
207

1126

995
65
239
380
10
148
559
91
206

1788
725
138
237
181
555
934

1267
651
380

1924
210

1707
162

62
586
1061



55004
55010
55011
55013
55014
55017
55019
55020
55021
55026
55035
55055
56011
50045
52527
52538
52541
52545
52553
52556
52558
52559
52560
52563
52564
52565
52566
52569
53752
53762
53766
54007
55015
55018
56003
56004
56015
56018
56019
56021
50005
50006
50012
50026
50038
50049
50050
50058
50207
50212
50303
50304
50305
50418
52510
52512
52517
52529
52562
53759

IS

IS

IS

IS

IS

IS

IS

IS

IS

IS

IS

IS

IS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS

1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989

1058
7408
652
1101
3604
7495
1135
12295
3155
3076
9661
13582
3971
1904
1510
745
6735
8085
948
6542
5664
737
1742
4226
10020
6875
3781
2949
1936
13729
2468
1481
6345
817
3542
546
3002
2209
6876
7771
11659
2303
1923
6148
2114
1123
1407
1154
1171
762
2163
803
1109
12192
2297
4219
4869
1594
24126
1319

46
357
25
43
89
158
32
215
114
88
818
600
80
108
98
24
128
324
22
257
48
13
26
79
352
189
93
46
159
128
393
76
419
36
144

226
841
149
491
340
227
64
35
82
152
63
40
202
107
228
39
41
245
150
170
75
203
713
9

234

5352
5208
3048
3576
2256
2400
8784
4392
2808
2400
13032
8832
7392
6000
4800
3648
5160
9024
3480
28632
5280
2712
3888
3000
9264
6888
5232
4056
8400
6000
13752
11136
7464
2712
11760
5040
5808
10392
9168
13728
14256
9456
5448
6000
4896
5640
7200
7992
7200
3840
14880
4176
2976
13032
11856
24000
3912
7560
37368
3600

410
1487
201
128
440
1854
668
1200
382
451
795
2447
658
578
223
68
1515
1316
253
1026
881
86
221
837
1994
1673
590
525
812
10167
569
282
1301
181
1539
176
589
993
4439
4167
2631
469
1846
2565
1080
970
852
388
749
532
883
249
499
2078
1199
1664
1133
706
4215
831

461
533
222
78
506
981
354
636
430
329
855
3049
605
455
148
83
590
904
191
1064
416
127
193
467
1589
1204
341
229
790
871
866
239
753
539
482
123
386
472
126
1772
1641
346
896
223
292
81
261
193
1060
283
615
204
187
1123
313
413
566
422
2293
647



54001
54003
54005
56001
56002
56008
50201
50204
50208
50217
50218
50220
50300
50301
50302
50316
50317
50318
50319
50321
50322
50323
50412
50413
52536
52561
52567
52568
55027
55038
55052
55053
56006
56020
50021
50039
50044
50047
50056
50060
55004
55010
55011
55013
55014
55017
55019
55020
55021
55026
55035
55055
56011
50045
52527
52538
52541
52545
52553
52556

SIS
SIS
SIS
SIS
SIS
SIS
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
PLS
PLS
PLS
PLS
PLS
PLS
PLS

1989
1989
1989
1989
1989
1989
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990

978
1193
4321

23989
2364
10248

524

963
3141
1421
1040
1872

626
4960
3129
1108

996
1696
1071
2290
4319

616
3668
5915
4221

611

433
2515
2268
6587
2748

882

950
5079
3956
5665
1648

184
2829
3619
2016
9247

937
1237
1125
5255
1121
7154
1529
2043
6620

10029
2097
1522

640
1111
7037
3888
1364
3849

3
210
427
206

33
290
112
278
352
112

14

72

29
620
196

80

80
123
100
206
502
176

26
131
127

17
26
66
111
118
86
133
300
120
123
57

65
44
57
445
59
53
110
301
106
267
142
110
1017
746
99
96
91
22
115
289
20
325

235

4200
12600
17280
14352
10368
14880

3000
17976
13656
10104

6600

4800

4920
29232
12624

3120

2544

2544

2496

6408
17592

5592

4224

7704

4800

2400

4800

2592

3600

8976

3528

1992

6096
12144

7968

2352

1488

3360

4368

816

6000

7872

2400

3600

1368

3744

9912

4896

4800

2400
16128

8976

7632

6000

5664

4536

3600

8616

3720
27288

55
656
2370
2841
257
11371
231
766
952
385
713
1129
250
3094
1638
293
420
668
423
399
997
378
1103
969
1653
350
226
1061
674
365
988
362
400
3521
268
1323
305
18
190
490
769
1432
210
66
458
1095
1431
1442
277
302
799
1834
622
447
195
35
1382
991
423
1123

66
267
1331
4850
539
1678
185
250
497
290
17
281
136
1315
865
72
202
328
52
265
499
67
210
1652
823
214
199
134
780
838
1254
554
275
1920
182
1460
132
16
462
1265
514
726
273
201
469
943
403
598
384
304
919
3249
702
555
167
86
534
889
272
1276



52558
52559
52560
52563
52564
52565
52566
52569
53752
53762
53766
54007
55015
55018
56003
56004
56015
56018
56019
56021
50005
50006
50012
50026
50038
50049
50050
50058
50207
50212
50303
50304
50305
50418
52510
52512
52517
52529
52562
53759
54001
54003
54005
56001
56002
56008
50201
50204
50208
50217
50218
50220
50300
50301
50302
50316
50317
50318
50319
50321

PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS

ES

ES

ES

ES

ES

ES

ES

ES

ES

ES

ES

ES

ES

ES

1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991

3039
1313
2855
2381
6032
1640
1667
1842
1026
8600
4877
1056
4485
221
3589
476
2313
3054
5379
6344
10243
2718
2367
5306
2365
630
1477
1731
1244
2420
2899
695
1934
9657
1985
7661
9365
1684
11126
962
526
3477
3402
16520
1535
7516
1024
2137
3783
1795
379
1098
365
11538
14543
1148
867
1677
1203
825

43
11
23
71
315
169
83
41
142
116
352
68
375
32
130

202
752
134
440
521
348
102
54
126
233
97
61
310
163
349
60
62
380
229
274
115
311
1092
30

322
641
318
51
447
81
202
256
119
10
52
21
451
143
58
58
89
72
149

236

6072
3648
3384
2400
10032
8208
2832
3312
6696
5904
13776
14832
6312
1344
11784
5520
7608
11136
8304
13728
15144
8304
5616
6168
4464
3456
6000
6096
7200
3264
8568
3168
3576
14688
12000
23280
5712
4968
27192
4392
3000
9696
17760
11640
10224
14736
2736
17616
5592
8688
5040
4800
4968
26400
5328
2328
2712
2712
2856
7776

663
97
391
692
1466
1013
750
190
623
4256
2239
559
1757
76
1514
167
627
1375
2380
2859
2856
409
2667
1849
695
893
1097
228
475
608
721
289
477
1274
1183
1446
2976
659
3446
754
56
831
1630
2490
249
3265
248
685
1291
398
444
970
194
2592
5091
207
295
518
381
316

458
77
209
562
1093
1244
300
214
379
956
798
220
786
96
583
170
571
424
192
2038
1847
347
808
173
401
93
281
201
908
223
694
211
151
1092
283
348
595
487
3126
118
60
244
1118
4270
337
1792
161
273
554
267
15
280
208
1263
1043
48
154
356
56
40



50322
50323
50412
50413
52536
52561
52567
52568
55027
55038
55052
55053
56006
56020
50021
50039
50044
50047
50056
50060
55004
55010
55011
55013
55014
55017
55019
55020
55021
55026
55035
55055
56011
50045
52527
52538
52541
52545
52553
52556
52558
52559
52560
52563
52564
52565
52566
52569
53752
53762
53766
54007
55015
55018
56003
56004
56015
56018
56019
56021

ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS

1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991

2106
755
3158
4594
3039
706
646
711
4505
3601
14715
5642
2997
4599
5253
9034
1806
336
4546
4116
1903
9121
1138
1466
2282
4557
2208
4309
2487
2111
4896
15237
3530
1587
1312
1079
7636
3751
1231
10375
2153
843
2159
2491
5571
3177
2075
4692
2043
7358
6220
887
5018
287
2867
683
2149
2023
5386
8532

365
128
19
95
93

13
19
65
80
145
63
97
218
128
206
61
10
69
47
61
751
63
57
117
460
390
284
151
117
1083
801
161
120
113
27
144
362
60
420
54
14
29
88
311
174
104
51
178
145
440
94
378

162

11
253
940
167
550
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13608
5352
4632
7848
6144
2664
4800
3792
3168
3552
5088
2400
8208

12264
7512
3600
1512
3000
4296

816
5640
8064
2400
4800
1200
4512
7584
4512
2400
1992
8472
5496
5808
5856
6816
3912
4296

10656
2664

36192
4800
3288
3336
2520
8664
3600
2928
3360
8400
4128

13992
8544
6048
1320

11688
4632
6792
9504
8808

12504

938
298
906
1100
1637
242
191
98
1017
815
3248
919
450
3232
254
1078
241
17
272
614
391
1346
248
105
425
1821
551
1348
204
772
1259
2320
324
374
283
101
764
1085
160
1388
533
118
210
669
1551
1111
299
474
596
4579
1985
522
1430
48
1105
104
571
965
2030
2524

250
66
211
1272
746
63
82
88
676
769
1209
566
253
1850
166
1453
119
27
480
779
637
1019
330
401
643
1069
422
611
349
361
862
3488
1246
502
118
85
670
1054
326
1230
337
115
194
480
1925
1043
346
252
293
905
1054
202
562
93
512
120
562
476
157
1846



50005
50006
50012
50026
50038
50049
50050
50058
50207
50212
50303
50304
50305
50418
52510
52512
52517
52529
52562
53759
54001
54003
54005
56001
56002
56008

SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS

1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991

6687
1940
2099
8044
2266
1077
1338
1950
1107
831
3368
646
2121
8299
2418
10243
8284
1853
14762
615
759
2218
4666
18725
1263
8039

840
359
125
59
130
241
100
63
320
169
361
62
65
314
237
283
119
322
1129
31

333
659
373

52
461

9600
8760
4800
3600
3672
3552
5496
4248
6000
2808
9888
3840
5064
12408
10392
17928
5208
5160
21600
3912
3600
8064
15120
12504
5328
11640

2458
403
2137
2458
1075
699
715
436
491
485
1363
218
481
1947
894
1210
3720
659
4696
427
20
510
1408
1935
180
2849

1712
320
646
132
333

95

42
237
911
198
582
149
142

1334
391
516
777
445

2430

99
50
255

1069

3581
380

1575
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Table 2 - Parametric Individual Levels of Technig#ficiency and Farm Ranking by Farming

System
Farm Farming Technical Efficiency Ranking
Number System
within | o6Ls | ML within |  GLs | ML

50204 ES 121 17.2 24.9 1 2 2
50300 ES 14.4 17.1 24.2 2 1 1
50323 ES 15.6 21.3 30.5 3 3 3
50321 ES 19.1 255 35.7 4 6 6
50201 ES 20.1 24.9 35.0 5 5 5
50318 ES 21.6 23.2 33.1 6 4 4
50208 ES 22.1 27.6 39.1 7 8 8
50322 ES 23.9 324 45.4 8 13 13
50217 ES 24.0 31.1 43.1 9 11 11
52567 ES 24.1 27.0 37.0 10 7 7
50317 ES 26.6 30.4 42.4 11 9 9
50220 ES 275 30.7 42.6 12 10 10
50218 ES 27.6 39.4 53.0 13 16 16
50301 ES 28.6 34.3 48.0 14 14 14
50319 ES 30.4 44.1 60.6 15 18 18
52561 ES 31.1 32.0 43.3 16 12 12
50316 ES 34.2 46.5 63.3 17 19 19
56020 ES 36.9 37.0 51.5 18 15 15
50302 ES 37.7 40.1 55.4 19 17 17
56006 ES 41.4 49.4 66.7 20 21 21
52568 ES 51.0 57.2 74.7 21 23 22
55053 ES 51.0 48.5 66.0 22 20 20
52536 ES 54.3 57.0 75.2 23 22 23
50412 ES 55.5 61.0 77.9 24 26 26
55027 ES 56.8 58.2 76.1 25 24 24
55038 ES 60.5 62.4 79.4 26 27 27
50413 ES 60.8 59.7 77.4 27 25 25
55052 ES 77.8 74.2 87.2 28 28 28
55019 IS 19.6 22.8 32.1 1 1 1
55011 IS 28.3 32.3 44.4 2 2 2
55004 IS 29.8 32.8 45.1 3 3 3
50047 IS 318 49.2 64.2 4 5 4
55013 IS 44.2 57.0 74.3 5 11 9
55035 IS 45.3 57.2 76.4 6 12 12
56011 IS 46.8 51.7 69.2 7 6 6
55017 IS 47.6 48.5 67.0 8 4 5
55021 IS 49.0 55.6 74.2 9 8 8
50044 IS 52.0 59.1 77.2 10 13 13
55026 IS 53.2 56.6 75.3 11 10 10
55014 IS 53.2 54.9 73.6 12 7 7
55055 IS 58.2 55.8 75.3 13 9 11
55010 IS 66.0 75.1 88.0 14 14 15
50056 IS 71.7 75.8 87.3 15 15 14
50021 IS 73.2 97.4 92.7 16 19 19
55020 IS 79.4 85.3 90.9 17 18 18
50060 IS 88.7 77.4 88.4 18 16 16
50039 IS 92.1 80.6 89.4 19 17 17
53752 PLS 17.2 20.6 29.4 1 1 1
56018 PLS 17.7 22.9 33.3 2 2 2
54007 PLS 19.0 24.3 34.0 3 3 3
56004 PLS 23.6 27.6 37.4 4 5 5
50045 PLS 23.7 26.5 37.2 5 4 4
55018 PLS 24.6 29.0 39.7 6 6 6
52527 PLS 25.4 34.0 47.0 7 8 8
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56015 PLS 26.6 31.8 44.5
56003 PLS 32.1 38.0 52.4
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Table 2 - Parametric Individual Levels of Techniggficiency and Farm Ranking by Farming
System (Cont.)

56021 PLS 36.2 39.0 54.4 10 10 10
53766 PLS 36.7 43.0 59.2 11 13 13
55015 PLS 37.7 41.4 58.0 12 11 12
52553 PLS 39.2 44.4 59.6 13 14 14
52565 PLS 41.6 41.8 57.6 14 12 11
52545 PLS 42.4 46.8 64.2 15 15 15
52538 PLS 43.9 60.8 77.2 16 20 19
52556 PLS 43.9 53.0 70.7 17 16 16
56019 PLS 514 65.9 83.2 18 23 23
52564 PLS 53.4 55.7 74.5 19 17 17
52559 PLS 53.6 63.9 79.5 20 22 21
52563 PLS 55.7 56.5 74.9 21 18 18
52566 PLS 56.5 62.4 80.1 22 21 22
53762 PLS 60.2 58.3 77.3 23 19 20
52558 PLS 69.7 75.3 87.2 24 24 24
52560 PLS 73.8 82.0 89.3 25 25 25
52541 PLS 82.8 84.2 90.5 26 26 26
52569 PLS 86.3 98.2 92.8 27 27 27
50049 SIS 17.6 22.9 33.1 1 2 2

50207 SIS 17.6 19.7 285 2 1 1

52510 SIS 210 25.6 36.2 3 3 3

50212 SIS 23.7 27.7 39.0 4 6 6

54005 SIS 245 273 38.5 5 5 5

50304 SIS 25.2 29.9 41.3 6 7 7

53759 SIS 253 27.2 37.6 7 4 4

50006 SIS 26.2 34.4 47.8 8 9 9

50050 SIS 274 34.7 48.0 9 10 10
50303 SIS 298 36.2 50.2 10 11 11
52529 SIS 30.5 37.3 51.8 11 12 12
50012 SIS 315 32.7 455 12 8 8

54003 SIS 33.4 43.0 501 13 14 15
56008 SIS 34.8 38.2 53.2 14 13 13
50305 SIS 35.9 43.0 58.4 15 15 14
50038 SIS 38.1 43.6 59.9 16 16 16
50058 SIS 39.3 48.6 64.9 17 19 18
56002 SIS 40.0 47.0 62.4 18 17 17
50005 SIS 443 47.4 65.3 19 18 19
52512 SIS 46.0 58.1 76.2 20 21 21
52562 SIS 46.1 50.6 69.3 21 20 20
52517 SIS 64.2 65.2 82.3 22 22 22
54001 SIS 65.9 84.6 89.1 23 25 24
50418 SIS 66.6 72.7 86.5 24 23 23
50026 SIS 717 82.3 89.8 25 24 25
56001 SIS 100.0 100.0 93.2 26 26 26

Table 3 - Nonparametric Individual Levels of TeaaliEfficiency and Comparison between
Ranking of Farms for Within and OTE

Farming Technical Efficiency Ranking
Farm Number]  System
OTE PTE sce | coe| RTS OTE|  Withif
50300 ES 195 60.8 32.0 100.0 IRS 1 2
50321 ES 26.9 37.6 78.1 91.7 IRS 2 4
50204 ES 28.1 100.0 88.2 31.9 IRS 3 1
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50318
50323
50201
50217
50208
50220
50322
52567
50301
50317
56020
50302
56006
50316
55027
52536
50413
55038
55053
50319
50218
52568
50412
52561
55052
55019
55004
55011
56011
55013
55026
50044
55021
55055
55017
55035
55014
50060
55010
50047
50021
50039
50056
55020
53752
54007
50045
56018
56015
56004
56021
52527
55018

28.8
30.2
315
35.0
35.6
36.0
39.5
39.7
41.7
42.2
43.5
55.2
62.6
70.4
70.8
74.4
77.2
78.4
78.8
811
85.8
90.2
97.4
100.0
100.0
24.1
36.2
41.0
59.9
67.9
69.5
70.3
71.0
72.3
73.5
74.0
75.9
84.8
85.9
90.0
100.0
100.0
100.0
100.0
22.1
28.9
30.1
33.0
38.8
39.7
40.3
42.1
42.9

73.0
37.6
59.9
43.7
38.5
57.1
50.4
82.0
100.0
64.0
44.0
55.6
64.9
100.0
77.2
75.2
100.0
100.0
100.0
100.0
100.0
99.2
100.0
100.0
100.0
34.2
50.9
75.6
60.9
92.7
91.1
100.0
97.2
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
31.9
35.5
42.7
100.0
53.6
74.0
44.8
62.4
100.0

42.8
81.3
56.0
80.8
93.7
63.1
95.3
50.5
66.9
65.9
98.9
99.3
96.8
70.4
91.7
98.9
99.7
95.4
78.8
81.1
85.8
91.0
98.6
100.0
100.0
70.5
71.2
54.9
99.6
79.9
76.9
70.3
85.1
72.3
88.5
78.4
75.9
98.1
93.6
90.0
100.0
100.0
100.0
100.0
71.3
81.4
70.7
89.9
84.4
57.1
90.5
71.6
42.9

92.2
98.8
93.8
99.0
98.6
100.0
82.3
95.7
62.3
100.0
100.0
100.0
99.7
100.0
100.0
100.0
77.4
82.2
100.0
100.0
100.0
99.9
98.8
100.0
100.0
100.0
99.8
98.7
98.7
91.6
99.2
100.0
85.9
100.0
83.0
94.4
100.0
86.4
91.8
100.0
100.0
100.0
100.0
100.0
97.3
100.0
99.8
36.7
85.8
94.0
99.5
94.2
100.0

IRS
IRS
IRS
IRS
IRS
IRS
IRS
IRS
DRS
IRS
DRS
DRS
IRS
IRS
IRS
DRS
IRS
DRS
IRS
IRS
IRS
IRS
IRS
CRS
CRS
IRS
IRS
IRS
DRS
IRS
IRS
IRS
IRS
DRS
IRS
DRS
IRS
IRS
DRS
IRS
CRS
CRS
CRS
CRS
IRS
IRS
IRS
IRS
IRS
IRS
DRS
IRS
IRS
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Table 3 - Nonparametric Individual Levels of TedatiEfficiency and Comparison of Ranking
of Farms between Within and OTE (Cont.)

56003 PLS 46.3 46.7 99.2 100.0 IRS 10 9
55015 PLS 48.3 79.5 88.5 68.7 IRS 11 17
52553 PLS 49.6 86.4 57.5 99.9 IRS 12 19
52565 PLS 55.4 57.0 97.5 99.6 IRS 13 14
52545 PLS 59.7 62.1 98.3 97.7 DRS 14 11
52556 PLS 61.8 100.0 78.0 79.2 DRS 15 1y
53766 PLS 62.5 79.3 83.5 94.3 DRS 16 11
52564 PLS 64.6 64.6 100.0 100.0 IRS 17 19
52563 PLS 73.9 91.0 81.2 100.0 IRS 18 21
52566 PLS 76.5 814 94.0 100.0 IRS 19 22
52559 PLS 87.6 100.0 87.6 100.0 IRS 20 20
52538 PLS 88.5 95.6 97.6 94.8 IRS 21 14
52541 PLS 100.0 100.0 100.0 100.0 CRS 23 26
52558 PLS 100.0 100.0 100.0 100.0 CRS 27 24
52560 PLS 100.0 100.0 100.0 100.0 CRS 22 25
52569 PLS 100.0 100.0 100.0 100.0 CRS 24 27
53762 PLS 100.0 100.0 100.0 100.0 CRS 26 23
56019 PLS 100.0 100.0 100.0 100.0 CRS 25 18
50207 SIS 27.2 39.3 81.6 84.9 IRS 1 2
54005 SIS 27.6 28.7 99.8 96.3 DRS 2 5
52510 SIS 30.4 34.8 87.4 100.0 IRS 3 3
50304 SIS 35.2 66.5 52.9 100.0 IRS 4 6
50006 SIS 36.7 47.5 89.3 86.4 IRS 5 8
50212 SIS 38.1 49.3 77.2 100.0 IRS 6 4
50049 SIS 40.0 100.0 63.8 62.8 IRS 7 1
56008 SIS 40.5 43.2 94.0 99.8 DRS 8 14
50050 SIS 43.2 551 78.3 100.0 IRS 9 9
50303 SIS 44.8 46.6 98.4 97.6 IRS 10 1(
52529 SIS 46.5 58.1 92.7 86.4 IRS 11 1]
53759 SIS 47.0 69.6 67.6 100.0 IRS 12 7|
50012 SIS 50.3 100.0 72.0 69.8 DRS 13 1?
50005 SIS 50.9 52.6 97.5 99.4 DRS 14 19
52562 SIS 52.8 100.0 58.5 90.2 DRS 15 21
54003 SIS 56.9 64.5 93.7 94.2 IRS 16 19
50058 SIS 57.2 63.2 90.6 100.0 IRS 17 17
50038 SIS 58.3 67.3 86.7 100.0 IRS 18 14
50305 SIS 58.7 70.4 83.4 100.0 IRS 19 11
56002 SIS 63.1 100.0 96.5 65.4 DRS 20 18
52512 SIS 68.2 100.0 79.3 85.9 DRS 21 20
50418 SIS 73.8 100.0 76.4 96.6 DRS 22 24
52517 SIS 89.9 90.9 98.9 100.0 IRS 23 22
50026 SIS 100.0 100.0 100.0 100.0 CRS 25 25
54001 SIS 100.0 100.0 100.0 100.0 CRS 26 23
56001 SIS 100.0 100.0 100.0 100.0 CRS 24 26
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GROWTH MODEL - MATHEMATICAL FORMULATION

The following equations specify the productiongass of one farm for one time
period:

Maximize: Disposable Income (Short Term)
Net Present Value of Disposahtmme + Terminal Net worth (Long
Term)

Subiject to: Production Capacity for Land, Labouayideble Inputs and Durable Resources
n n
Z,Bij Cj+zaij A =B
=1 =1
where: Durable Resource Availability

Bi=D @ DRPP* 2 ) 1-2 4 Di= 2. A;0i*+ X 3 H
=1 =1 i1 i1 i1

n
+ Zé‘ij R;
=1
where: Land Set-Aside Requirements

r 1 n
= C.+ <L
z(l-sarj)cl 2, CisL

=1 =r+l
Subject to: Crops Response to Input
n n
Zﬂijk Ci 'Z/‘ij BI;<0
=1 =1
With a Minimum Supply of Input at Planting
MR; Cjo - A BI; <0
Where: Area Cropped and Output Produced
S
k=1

- ijCjo'Z ik Cik + Zﬂij SLj <0

S
k=1 =1
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Subject to: Herd Composition - Females

ai Ay ~HPPy - > Ai Bly - )7, SL <0

= =1
Subiject to: Herd Composition - Males
n n

i Am - HPij-;Au BI ,-m-j;mj SL;<0
Where: The Number of Males

mrfij A -aij Am<0
Subject to: Animals Born

- pry Ar taj Ap<0
Subject to: Animals Fatten

(-1+mr) Apt ai Ast Z’7ij SI;<0

=1

Subiject to: Herd Substitution

n
(rsj + mry) Ajgm - Z ai Ajs

=1

Subiject to: Cull Selling

- ISjj Ajf/m+ 2/7"' Slj

=1

Subiject to: Animal Feed Requirements - Energy

'Z i CJ+ZO'ij Aj'Z/]ij Bl; <0
= i1

=1

Subject to: Animal Feed Requirements - Dry Matter
n n n
+Z i Cj 'Za'ij Aj"'Z/]ij Bl;<0
j=1 j=1 =1
Subiject to: Investment Capacity

Zyi,- Ij'ZTij BLTj'ZUij SUlj'INPP+ZTij DLT;<0

=1 =1 =1 =1
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where: Investment Subsidy

SUI,= ) sr; DR

=1

where: Long Term Borrowing Capacity

2.7y BLT;j+ X 7y BLTPP - 3. > ey NA+ D 77 PRPR <0

P n
=1 =1 i=1 j=1 =1
where: Total Net Assets

#,(1-29)pR,

p
Z wj NA; =
a|ij

n P n
i=1 j=1 i=1 j=1

where: Total Durable Resources Assets

2.2 % DR = Zi% DRPPJJ’ZZH:VH eriﬂu Dj

n
i=1 =1 i=1 j=1 i=1 j=1 i=1 j=1

Subject to: Tax Rates

TR <Ml
TI=Y TR,
=1

Subject to: Funds Flow
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+>9¢,Ci*+ Y. 9c, At Y. P, BIjt Y. P H+ Y PR
=1 =1 =1 =1 =1

+> dc; DR;+ Y Ir; BLT;* > Ir; BLTPP - > _dr; DLT;

=1 =1 =1 =1
- Py SL =D, P, Dj- ). SU;+ D (A+Ir)STL
=1 =1 =1 =1

-i(l+dr)STD,- +Zn:r,- TR; +FE+ RCM<O0

=1

where: Direct Payments
n n n n
SUJ:zSiCi+ZSSjCASj+ZSj Aj+ZSj Bl j
=1 =1 i=1 =1

and

rsa;

CAS= (1-rsa)

Cj

Disposable Income is given by the following equatio

n n 1 n 1
-RCM - dc; DR,—+ZEBLT1+Z|—BLTPH+DISO
1 =1 1M

= =110
and Income to Next Period is

DI (-1+ mpc)-> 7y DLT; + INP<0

=1

VARIABLES

G - Crop Activities;

Ci, - Crop Activity at the Response level 0;
Cik - Crop Activity at the Response level k;
A, - Livestock Activities;

A, - Livestock Born Activity;

A - Livestock Cull Activity;

Aj - Livestock Female Activity;
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Ajnm - Livestock Male Activity;

Ajs - Livestock Replacement Activity;

L;- Land Availability;

HPR, - Livestock Herd from Previous Period;
BI; - Buying Input Activities

H; - Hiring Activities

R - Renting Activities

SL - Selling Activities

l; - Investment Activities, takes only Integer Values
SU - Subsidy Activities;

SUJ; - Subsidy Activities to Investments;

D; - Disinvestment Activities;

O, - Obsolescence Activities;

DR, - Value of Durable Resources;

DRPR - Durable Resources from Previous Period, takgs®or 1 values;
NA; - Net Assets;

BLT; - Borrow Long Term;

BLTPR - Borrow Long Term Previous Period;
BST, - Borrow Short Term;

DLT; - Deposit Long Term;

DST; - Deposit Short Term;

PRPR- Principal Repaid Trough Previous Period,
TR - Tax Rate Class;

MI; - Maximum Income for Class Rate;

TI - Taxable Income;

CAS - Crop Area Set-Aside;

RCM - Returns to Capital and Management;
DI - Disposable Income;

FE - Fixed Expenditures;

INP - Income to Next Period,;

INPP - Income from Previous Period;

COEFFICIENTS

Rj - Input Requirements by Crop Activities;

Rix - Coefficient of Decision Crop Variable j at Resge Level K;
mri; - Minimum Requirement of Input i at Planting;
aj - Input Requirement for Livestock Activities;

pr; - Productivity Rate of Livestock Activities;

mr; - Mortality Rate;

mrf; - Male Requirements per Female;

rs; - Rate of Replacement;

7j - Input Coefficient for Buying Inputs;

i - Input Coefficient for Hiring Activities;

ej - Input Coefficient for Renting Activities;

n;j - Input Coefficient for Selling Activities;

vi - Input Coefficient for Investment Activities;

ojj - Input Coeffficient for Subsidy Activities;

sr, - Subsidy Rate to Investments;

s - Direct Payments;

sg- Set-Aside Subsidy;

wj - Input Coeficient for Disinvestment Activities;
pj - Input Coefficient for Obsolescence Activities;

24¢



_jj - Input Coefficient for Value of Durable Resourdegivity;
wj - Input coefficient for Net Assets Activity;

al - Asset Life (Years);

au - Asset Use (Years);

Tjj - Input Coefficient of Borrow Long Term Activity;

Ir - Loan Interest Rate;

dr - Deposit Interest Rate;

m; - Input Coefficient for Principal Repaid in PrenPeriod Activity;
Ip - Loan Period;

I - Tax Rate;

dg - Depreciation coefficient;

gG - General Costs;

rsg- Rate of Set-Aside;

mpc - Marginal Propensity to Consume;

p; - Price;

SUBSCRIPTS

=1,...,1,...,n - Activities;

=1,...,p - Input Constraint;

k=1,...,s - Number of Segments of the Responsetiexmc
f = female;

m=male;

J
i
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