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Abstract

THE SPANISH HOG MARKET: THE EFFECTS
OF THE EC ENLARGEMENT

Jose Albiac-Murillo
Department of Agricultural Economics
University of Illinois at Urbana Champaign, 1991
Philip Garcia, advisor

The hog industry is the largest component of the Spanish
livestock sector and developments in this industry affect the
entire Spanish agricultural sector. Spain's recent entry into the
European Community which was accompanied by falling producer prices
generated considerable concern over the effect of accession on the
hog market. This study analyzes the impact of accession into the
Community on the Spanish hog market.

The analysis is performed using a quarterly econometric model
which captures the constancies and operation of the Spanish hog
market. The model includes causal economic relationships; factors
to identify technological change and is specified consistent with
biclogical hog production processes. After examining %he relevancy
of several price expectations mechanisms (e.g. naive, adaptive and
rational expectations), hog supply is specified by a polynomial
distributed lag which assumes that expectations about prices are
formed as a function of weighted past prices. Demand is modeled
within a price dependent, single equation framework. Structural
change is detected in demand after entry into the Community.

The econometric model is used to derive the welfare consequen-

ces of accession by simulating the evolution of the hog market
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under a non-entry scenario. The effects of entry are assessed by
comparing the actual and the non-entry evolution of the prices and
gquantities. Economic surplus measures are used to compute gains and
losses to market participants.

Welfare measures indicate that in the hog market, direct gains
from the entry into the European Community exceed the direct los-
ses. Consumers gained considerably through increased imports from
the Community at lower prices. However, losses to hog producers
were dquite large and government compensation to them has been
limited. More indirect effects of the entry to the agricultural
sector included obtaining development assistance for poor or decli-
ning regions and the fostering of a more competitive environment
which will likely increase technological adoption and lower costs
leading to a more efficient hog industry. Government programs
designed to induce further productivity advances and to facilitate
Spanish pork product exports into the Community would be particu-
larly useful to ameliorate the negative effects of entry on the hog

market.
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CHAPTER I INTRODUCTION

1.1 Importance of the study

The livestock sector is a growing and important component of
Spanish agriculture. Currently, it accounts for 40 pefcent of the
value of final agricultural output, an increase of 10 percent over
the last 25 years. Its importance is magnified by the close
linkages that exist with the grain sector which generates feed
grains, vital inputs in livestock production. The growth in the
livestock sector has been influenced by technological advances
which have driven the large inérease in production and consumption
through favorable price relationships.

Spain entered the European Community (EC) in 1986. A transi-
tion period of seven years was established in the accession treaty,
but most of the agricultural sectors are already fully integrated
(the exception being fruits and vegetables). The entry of Spain
into the EC is 1likely to have a major impact in the Spanish
livestock sector, the effects varying for different groups of
producers.

Spanish beef and milk producers have deficient production
facilities lacking size and upgraded technologies. The existing
production quota arrangements by countries in the EC have protected

these industries from competition. Hog and poultry producers have
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experienced increasing competition since accession and while
poultry producers are faring well, hog producers claim that they
have suffered large losses derived from accession into the EC. Due
to falling prices during 1987 and 1988, producers' organizations
complained to the government and lobbied for protective measures.
Finally, in mid-1988, and after intense pressures from the sector,
the EC enacted provisions to assist these producers through
intervention in the Spanish hog market. This study analyzes how the
Spanish hog market was affected by accession trying to identify
gains and losses to market participants.

To analyze the policies related to the hog sector an under-
standing of the Common Agricultural Policy (CAP) is needed. As a
result of Spain's entry into the European Community, its
agricultural policies have moved towards the implementation of the
CAP. In CAP, livestock markets have two levels of intervention
depending on the product. Intervention in milk and beef markets has
been pervasive whereas limited intervention in pork and poultry
markets exists. The price intervention mechanism in ‘milk and beef
is similar to cereals. Target, threshold and intervention prices
are established and support buying is automatic once the market
price hits the support level.' The system has encouraged large

surpluses of milk and beef which have led to production quotas in

! The target prlce is the market prlce farmers should receive,
The intervention price is the floor prlce enforced by the buying
government agenc1es. The threshold prlce prevents imports at world
Prices and is equal to the target price less transport costs from
port of entry, so that the "world market" price plus the custom
duties is equal to the threshold price.



milk and to maximum quantities of public buying in beef.

The poultry sector has no intervention mechanism and only a
threshold price (i.e. the sluice-price) protects internal
production from poultry raised outside the community. The hog
sector is regulated through the implementation of base, buying and
sluice prices.? The base price is the minimum market price which
is deemed desirable. The buying price is a somewhat lower price at
which market intervention would occur. Government market regulation
may occur through buying and financing of private storage. However,
the implementation of these regulatory measures is not mandatory as
in the case of beef and milk. In recent years, hog market
intervention activities have been limited to export subsidies and
financing of private storage. In the eighties, the CAP support
expenses in milk and beef markets have been around 9,000 million
ECUS yearly (1.2¢10%" pta), compared with expenses around 200
million ECUS (26.7¢10° pta) in the pork market (Comisidén de las
Comunidades Europeas, 1988).3

With the accession into the EC, the implementation of the CAP
is likely to change substantially the Spanish livestock sector.
Aside from the modest change in the pricing mechanism, the change
in the relative levels of input (feed grains) and output (meat)

Prices may modify price and production cycles.* Important changes

? In 1990 base and sluice prices were 2,033.3 ECU/MT (271.64
pta/kg) and 1,122.20 ECU/MT (149.93 pta/kqg), respectively. Appendix
I gives the exchange rates between ECU's, dollars and pesetas.
> In 1989, 1 ECU ~ 1.1 dollars.

% see figure 5 in page 24.



in production and consumption of livestock products also are likely
to take place as a result of the opening of trade, changes in pro-
duction and distribution technologies and organization, and the
modification of consumer tastes and habits.

The final effect of these changes is unclear..Depending upon
the relative prices, production could change appreciably in the hog
and poultry sectors where production quotas do not exist. As a
consequence of the entry into the EC downward pressure on hog
prices may force the government, if it desires to maintain hog
prices within certain price ranges, to purchase excess quantities,
provide subsidies for export or financing of private storage, or

enforce import quotas.

1.2 Objectives of the research

The analysis here focuses on the effect of the CAP on the lar-
gest component of the Spanish livestock sector, the hog industry.
The industry represents more than 30 percent of the value of meat
production. During.the last 25 years, it has been one of the most
dynamic components of Spanish agriculture, adopting confined
production techniques and the extensive use of compound feeds. Its
selection for ahalysis reflects its importance to the livestock
sector and close linkages that exist to the grain sector and meat
Processing industries. The share of cereals in compound feeds is
larger than any other country in the EC. Barley is the main cereal

used in hog's compound feed.
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The primary objective of the research is to increase the
;;:understanding of the effects of the entry into the EC on the
Eispanish hog industry. Specific objectives include: 1) development

.}of a representative econometric model of the hog industry; 2) iden-

*f.tification of the likely effects on hog production and consumption

‘of changing production technologies, and input (feed grains) and
: :output (hog) prices; and 3) quantification of the gains and losses
:i derived from these changes for producers and consumers.

From a policy perspective, it is important to identify the
;;likely effects on pork output and prices of entry intec the EC. The
'm s1ump in prices in 1987-88 induced farmers to ask for import guotas
;and support measures, and they backed these petitions with large
z;demonstrations in many parts of the country. This study tries to
;;:determine what is the role played by the enlargement in this slunp
Z;Lin hog prices, analyzing the effects of the entry on the hog
_:;market.

The effects of the entry are assessed by comparing the hog
fﬁimarket with and without integration for the period 1986 to 1990.
:;The analysis is performed using a quarterly econometric model

fTWhich captures the constancies and operation of the hog market

~i:including technological change. The model includes the causal

“f'relationships and other information about this complex system.

- Several expectation mechanisms are examined to ascertain their

"'-relevancy for the Spanish hog market.® Possible structural change

> Naive, polynomial distributed lags, adaptive and rational

- expectations.




6

f in the hog market is analyzed examining the constancy of
coefficients in the hog model.
The model is used to analyze the welfare consequences of
l accession. Simulation is carried out to determine hog quantities
}and prices. For each set of values of the exogenous variables the
 f;simulation analysis generates the corresponding output and prices,
:h;deriving from that the effects on farmers' income and consumers.
. The analysis provides information useful to public and private
: :decision makers. Information on the structure of the industry can
{; provide the Spanish government with insights into the dynamics of
;;:the industry. Also the analysis provides the Spanish government
 ;fwith information about the welfare changes taking place as a result
{;;of accession. Given the importance of this sector in the Spanish
iagriCulture and the fact that Spain has the second largest herd
size among the EC countries, calculation of the distributional
effects of the enlargement is a very important guestion.. The work

also provides private decision makers in the sector (farmers'

organizations and private companies) with information about the
sectors response to the changing economic environment. Because

analysis of the Spanish hog industry is very limited, the present

work also contributes to a better understanding and a sharper

insight into the market dynamics of this important sector.

1.5 Overview of the thesis

The remainder of the study is organized as follows: Chapter 2




discusses the Spanish and European Community hog industries and
:Characterizes the Spanish hog market. This information is then used
:;o develop an econometric model of this market. Chapter 3 presents
:; survey of previous studies on the Spanish hog sector and a review
;;f supply response and demand analysis. Then a description of the
'£og market model with different alternative specifications, along

with data sources, 1is presented. The last sections of Chapter 3

the important findings of the work, a discussion of the implica-
-“-:_’tions of the research for policy makers, and a discussion of

;ffurther research directions related to the Spanish hog market.




CHAPTER II THE HOG INDUSTRY IN SPAIN AND IN

THE EUROPEAN COMMUNITY

The present study focuses on the Spanish hog industry. An
ﬁnderstanding of this industry provides the framework to generate
3£he econometric model of the hog market. Because developments in
ghe Spanish domestic industry are likely to be closely related to
ﬁhe community's industry in the future, information about the hog

ihdustry in the European Community also is included.

2.1 The Hog Industry in Spain

The livestock sector in Spain is less developed than in other
;EC countries. Livestock represents 55 percent of final agricultural
iﬁroduction in the EC but only 40 percent in Spain. Table 1
:ﬁemonstrates that Spain is specialized in sheep production, an
activity with low capital and technology requirements and high
labor requirements. Spain is at competitive disadvantage in cattle,
which has high capital and technology requirements. In hogs, the
average number of hogs per farm is smaller than in the EC-10,
although in most farms the technological level is similar. However,
it should be noted that without traditional (or "family") hog
Producers, the number of hogs per farm is 90 (1989) instead of 48,

Surpassing the EC average figure of 77 per farm.




Table 1 Livestock numbers by species and number of farnms
in Spain and in the EC-10, 1000 units, 1987

Spain EC-10

Number Percent Number Animals Number Number Animals

of of EC-10 of per of of per

animals herd farms farm animals farms farm

otal 5076 6.9 370 14 73037 1952 38

cattle

Dairy 1783 7.8 251 7 22952 1245 18
cattle '

ﬁbgs 17228 20.4 362 48 84302 1110 77

s_heep 20297 30.5 116 175 66549 7212 92

? Data refer to 1986.

Source: La Situacién de la Agricultura en la Comunidad.
Lomisién de las Comunidades Europeas.
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2.1.1 Production.

The hog sector has expanded rapidly in recent years, adopting
-gdvanced production and management techniques. Swine is the main
iivestock species raised in Spain and pork represents half the
iotal dressed meat output (figure 1). The hog sector is the main

'ﬁeat supplier of the meat processing industry. More than half of

ﬁork produced goes to the processing industry which is important in
£he Spanish agro-industry system. The stock of animals has changed
éramatically since 1955; the indigenous stock, "raza Iberica",
;epresented 40 percent of animal numbers in 1955 but presently is
6nly’3 percent. Landrace, Large-White and crossing stocks represent
more than 90 percent of national herd.

. The growth in pork production compared with other meats has
been prominent; from 266 thousand metric tons in 1965 to 1703
~thousands in 1989 a 7.3 percent yéarly average increase (figure 1).

?There is a strong seasonality in supply as figure 2 shows, with an
iexpansion during fall and winter and a reduction during spring and
?Summer. This supply seasonality coincides with the drop in pork
:éonsumption during late spring and summer.

. Pork production in 1989 was 1703 thousand metric tons
;'_'.Cor‘r'esponding to a herd of 16.1 million heads (April, 1989).

;However- the relationship between production and herd size is
frelatively low, indicating modest productivity. Generally, Spanish
 Pr0ductivity lags behind Dutch and German productivity as well as

French productivity level (Servicio de Extension Agraria, DCA.
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Livestock and Poultry Production

Carcass meat in 10,000 metric tons. Eggs
10 mill.doz. Milk in 100 mill.liters.

o+—+—+—+——414—y Ly

6 68 70 72 74 76 78 80 82 84 86 ‘88
year

—— Poultry —+— Eggs -8B Pork

—*— Bsgef/Veal —A— Milk —— Mutton/Lamb

1 metric ton = 2,200 pounds
1Hter = 0.28 US gallons

e ——

igure 1 Spanish livestock and poultry production, 1966-1989
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Hog and Compound Feed Prices
and Pork Production
Hog price. Pork production and compound price.
300 : 800
250+ —t— HOQ DTiCG 4500
—— Pork production
4
200 — Compound {eed 00
150 300
100 200
50 100
o ' JiIII|HI[=IH%!H:Ill}l]l:IlllllII:II]I]II}HI:III:]IIE!I!EIIE;IlIEIIEjIIIl=11 O
tr 1T 1T 11111111111 T 1 1 1
|71l72173l74175176177178170180! 81182183I84185186/87 88l80 k0
| Hog price In pta/kg, compound price in
1. pta/10kg, pork in 1000 MT

Figure 2 Hog and compound feed prices and pork production in
ﬁpain, 1971-1990 :
Internal documents).

Tables 2 and 3 provide a break down of hog farms by type and
Size in 1989. The number of "family" farms is not given but it can

?é estimated at about 150 thousand; these farms lack modern hog

i___'J;'J'_l*cxiuc*l:ion technologies and are very small. "Family" production

Pércent of the national herd. There are 163 thousand hog farms
éXCluding "family" type farms. However, note (table 3) that many of

?hese Operators also are small. The number of hog farms with less



13

Table 2 Distribution of Spanish hog farms
by type in thousands, 1989

Number of Herd Sows Feeding animals
farms >50 kg

Farrowing and
farrow to fi- 100 9,783 1,557 2,469

nish farms

Feeding

farms 63 4,757 68 2,367
"Family"

farms - 1,556 224 281

Total 1638 16,096 1,849 5,117

® Without "family" farms.

Source: Boletin Mensual de Estadistica. MAPA.

Table 3 Distribution of Spanish hog farms by
number of placements, 1989
Farrowing and Feeding
farrow to farms

finish farms

Number of Placements Number of Placements

Placements farms (1,000) farms (1,000)
- 10 55,183 197 41,724 103

10 - 50 34,383 670 4,800 111
50 - 200 8,650 686 5,858 582
200 =-1000 1,478 509 8,758 3,528
1000~ 59 175 1,435 2,497
Total 99,753 2,237 62,575 6,821

Source: Boletin Mensual de Estadistica. MAPA.
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than 10 placements is still 60 percent of farms.®

Vertical integration in the last decades has increased in the
spanish Hog Industry. Table 3 shows that in the farrowing and
farrow to finish farms, the class with 50 to 200 placements has the
largest number of placements (686,000) and in feeding farms the
class 200 to 1,000 placements has the largest number of placements
(3,528,000). This is consistent with the observation (Murua, 1989)
that integration by feeding farms is far more common, resulting in
larger operations and improved production technologies. The unques-
tionable fact is that vertical integration has increased over time,
spreading through the main producing regions which are cCatalufia,
Castilla-Ledén and Aragdén (table 4). Collecting information from
primary and secondary sources, Murua states that the percentage of
integrated feeding farms in Catalufia and Aragdén may reach 80
percent. Castilla-Ledn, Andalucia and Galicia are regions which
export feeder pigs to other Spanish producing areas, and. Catalufa
and Aragdn are feeding areas which import feeder pigs.

It is difficult to determine the exact extent of vertical
integration for the whole country but large compound feed and
slaughtering companies market much of their feed to integrated
operations. It is estimated that 60 percent of the compound feed
production for hogs is marketed to integrated hog production
facilities (Alimarket, 1990). Figure 3 presents the structure in

the production process. Selection centers improve breeds and

® Hog farms are arranged in three classes in the data provided
by the Ministry of Agriculture (MAPA); farrowing and farrow to
finish farms, feeding farms, and "family" type farms.
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Table 4 Geographical distribution of Spanish

hog herd in thousand animals, 1989

Sows Feeding animals Total Production

Region > 50 kg.- animals (1,000 tons)
Cataluha 403 1,595 4,477
Castilla-Leén 376 741 2,555
Aragodn 207 760 2,042
Andalucia 175 435 1,461
Total Spain 1,849 5,117 16,096

Source: Boletin Mensual de Estadistica. MAPA.
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breeding centers work on selected breeds to provide better sows.
Integrated companies have in most cases selection and breeding
operations, as well as farrowing and feeding facilities.
Integration by some companies does not include all stages of the
production process with some firms lacking the selection and
breeding stages.

Integration in Spain has been facilitated by two modes of
organization: integration by contract in a private company and
integration by membership in a cooperative.’ Low prices in recent
years have pushed hog farmers toward integration; small and medium
hog farms participated because they could not finance compound
feeds.

Integration contracts prescribe the handling, care and
sanitary conditions, and payments to farmers. Integrated companies
provide feeder pigs, compound feed and veterinary and pharmacologi-
cal services, and remove the fed animals. Hog farmers provide their
work and facilities in production c¢ycles lasting 5 months and
receive a fixed payment between 800 and 1,100 pta per hog.?

The likely implications of integration in the hog sector are
a high degree of sensitivity of production and input usage to price

changes and to changes in technology (figure 2). A case could be

" The main integrated companies are Hubbard-Tecna, Vall
Companys, Nanta (British Petroleum), Agropecuaria Guissona, Coren,
Doux, Copaga, Biona (Conagra), Hens (Cargill) y Gallina Blanca
Purina. Most of these companies are present in the main Spanish
market located in Lérida (Catalufia). All these integrated companies
are private companies except three large cooperatives: Agropecuaria
Guissona, Coren and Copaga.

8 E1 Pais, June 1989.



Figure 3 Integration in the Spanish hog sector
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made that increased vertical integration, which is usually associa-
ted with higher levels of capital investment, has resulted in less
sensitivity to price changes. However, the contracts which may be
rather short term in nature do permit the companies to expand and
reduce their hog operations rather quickly.

The improvement in production technologies has been noticeable,
specially during the 1970's and 1980's as integration was sprea-
ding. The feed consumption index (relating gains in weight and feed
consumed) and sow productivity are approaching the level of other
EC countries. This improvement in production technologies has
resulted in a decreasing hog-compound feed price ratio (table 5 and
figure 2).

The hog sector is the main user of compound feeds (table 6)and
as a consequence, the evolution of the hog market has had a large
effect in the cereal and oilseed domestic sectors. With the entry
into the EC, the compound feed industry has begun to replace ce-
reals by imports of the so-called cereal substitutes.’ The share
of cereals in compound feeds has decreased. In 1986 the share of
cereals in compound feeds was 66 percent and it has dropped in 1990
to 54 percent (El1 Pais, January 19921), and it may reach the EC
average level which is near 30 percent (Koester et al., 1987).

Compound feed for hogs, uses mainly barley so that changes in the

° The cereal substitutes are brans, manioc, corn gluten,
molasses and citrus pulp. Vidal Maté reports in El1 Pais (January,
1991) that imports of cereal substitutes are expanding, attaining
more than 1 million MT in 1990, and hog compound feed prices are at
about the same than in other EC countries except for Netherlands
which has a 5 pta/kg cost advantage.
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Table 5 Spanish prices of live hogs, compound feed for
hogs and barley, pta/kg, selected years

1970 1975 1980 1985 1986 1987

Price of hogs 38.8 67.3 92.7 164.7 181.5 155.6
Price of compound

feed for hogs 7.5 11.8 19.6 36.1 37.5 37.9
Price of barley 5.3 7.8 12.6 22.0 24.5 22.9

Ratio of hog/com-
pound feed prices 5.2 5.7 4.7 4.6 4.8 4.1

Source: Anuario de Estadistica Agraria, MAPA.

Table 6 Spanish industrial production of compound feeds
by species, 1,000 M.T., selected years

1975 1980 1985 1986 1987

Cattle 821 1845 2424 2356 2090
Hogs 1833 4484 4188 4130 4190
Poultry/Eggs 2360 3864 3992 3860 3990
Total 5405 11232 11690 11411 11100

Source: Anuario de Estadistica Agraria, MAPA.
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hog and compound feed sectors could have important repercussions
for barley producers.'®

The future of the hog sector depends on its ability to increa-
se its competitive level within the EC. The hog sector has adopted
advanced production and management techniques. The two modes of
organization, integration by contract in a large private company or
integration by membership in a cooperative, have facilitated the
process. Integration by contract in a large private company is the
dominant type of organization. There is room for productivity
improvements since the Spanish levels are relatively low; these
improvements can be achieved by increasing the size of farms and
the level of integration of producers. The government has currently
‘several programs to achieve EC trade requirements, improving the
technological level in slaughter, storage and transport facilities.
Other programs are aimed at controlling the environment effects of
hog production activities and improving facilities processing
offals.

In addition, to be able to compete in the EC markets, it will
be important to develop distribution networks capable of marketing

pork products adapted to the different national tastes and habits.

2.1.2 Consumption.

In recent years, food consumption patterns have been changing

' In 1986, the hog sector consumed compound feeds incorpo-
rating 80 percent of total barley production (Buxadé, 1988).
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n Spain approaching North European patterns. In general, consumers
ugpend more but eat less quantity. Demand for processed and ready to
:eét products is growing while expenditure on unprocessed products
stagnate. Consumers demand more expensive and sophisticated
_ﬁfoducts which need less time to prepare.

- Expenditures in meats and by-products rank first in the con-
éumer food budget. These expenditures were 1.6 thousand billion
“besetas in 1988, corresponding to 2.6 billion kilograms of meat. In
5 1986, from the 1.4 million tons of pork disapperance, slightly more

than half was demanded by the meat processing industry. This fact

shows that this sector is

. . adaptin to the increasin
Consumption per capita by quarters of P g g

pork, beef/veal and chicken and profitable consumer re-

Kg/quarter/inhabitant quests for sophisticated and

12 carefully presented products

TS| (table 7).
Pork consumption per ca-
pita in Spain is near the EC

average but meat consumption

habits for other meats differ

O PLLPLLU U O g g g g and figure 4). Per capita be-

1111111110141 1111111 4

Irilz2lzalzalrslzelr7izalz dadlatbzssb4esassisdssia ef consumption is half the EC
—~Pork - Besf/veal — Chicken average and per capita poul-

Figure 4 Spanish consumption per try consumption exceeds EC
~ capita by gquarters of pork, beef/ve-
- al and chicken. 1971-1990 levels. These differences are



Table 7 Spanish pork output by type of
product, 1,000 tons, 1986

Pork in carcass . . . . . . » .« 459.7
- carved, fresh, refrlgerated and frozen pork « « .+ . . 357.8
 Ham . . e e e e e e e e e .. 92.3
Hard and long pork sausage s e e e e w e e e 85.0
Salami-type sausageP e v e e e e 4+ v+ . . . 26.8
Shoulder blade® T - Y
Bacon e e e e e s . . « e s e e . « . 9.3
Pork pie s e e e e e e e e e e e e e e .. 8.3
Cured loin c e s e e e e e e e e e e e .. B2
Total direct consumption s+« e+« + « 4 « . . 670.0
Total industrial consumption e e e e e e e e 708.7

2 "Chorizo™ and "longaniza".
b wsalchichén®.
¢ "paleta".

Source: Anuaric de Estadistica Agraria, MAPA.

Table 8 Consumption of selected livestock products in
selected EC countries, kg/capita/year, 1987

Spain Germany Netherlands France EC-12

Total meat 80 98 82 98 : 86
Beef 8 22 18 25 21
Veal 3 2 2 7 3
Pork 39 62 44 37 39
Poultry 21 11 16 19 17
Mutton/lamb 6 1 1 5 4
Other 3 - 1 5 2

Source: La Situacién de la Agricultura en la Comunidad.
Comisién de las Comunidades Europeas.
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explained by the high consumption of fish and by the relatively low
:'personal income in Spain which has hampered the increase of beef
;? consumption.'’ At the same time, expansion in pork consumption was
;i facilitated by the moderate pork price. Pork consumption per capita
5 has expanded vastly in recent decades and furthermore, the drop in
hog prices after the entry into the EC (1986) caused an additional

expansion in pork consumption (figure 4).
2.1.3 Prices,

Until 1986 pork prices in Spain were, at market exchange ra-
tes, below pork prices in the principal EC pork producer countries
(figure 5 and table 9).'” At green ECU rates, pork prices in Spain
would have been similar to German and Dutch prices up to 1986,
because pork prices converted in pesetas at green ECU rates are
lower in these two countries.'® Green ECU exchange rates have made
German and Netherlands pork prices lower in EC markets and any

exports (imports) by these two countries have been subsidized (ta-

" In 1989, consumption of fish was 30 kg/year per capita
(MAPA) .

12 Note in figure 5 that prices of live hogs in Spain are given
in pta/kg and not in ECU and these prices can not be compared
directly to the rest of the series because of the different
inflation rates of the peseta and ECU, specially prior to the
entry. Appendix I gives the conversion rates between ECU's, Green
ECU's, dollars and pesetas.

3 green ECU rates are different from ECU exchange rates; they
were used to achieve policy goals by each EC member country.
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Pork prices in the Netherlands and Spain
ECU/100kg carcass weight, except the se-
cond Spanish series given in pta/kg live

190

130

70.mmmqmmmqmmmqmmmqmmmqmmmqmmmqmmmqmmmqummmpm
T 1 1 1 1 1 1 1 1 1 1
lgo ! s1l82183184185186!87!88]! 89 kd

“ Netherlands ~ — Spain == Spain (live hogs)

Figure 5 Producer hog prices in the Netherlands and Spain, 1980~

1990



Germany

- France

" Netherlands
‘Italy

. Spain

Germany

“ France

. Netherlands
Italy

Spain

Table 9

producer countries
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Pork market prices in the principal EC pork
and in Spain, 1977-1989

Prices in Green ECU per 100 kg. carcass weight.?

77 78 79 80 81 82 83 84 85 86

87

88 89

141
152
138
158
133

145
166
153
180
147

136
150
139
173
159

156 142
175 163
151 148
182 170
156 147

147
165
155
185
157

136
153
131
151
118

122
140
122
142
122

123
137
123
152
137

125
138
123
159
118

Prices in Pta per kg. carcass weight
Green ECU rates.?®

77 78 79 80 81 82 83 84 85 86

115
129
119
148
133

at

87

109
121
110
146
120

140
147
134
164
156

88__ 89

200
220
204
255
235

97
109
94
108
102

98
113
28
114
119

113
126
113
140
126

124
137
122
158
118

145
156
142
162
136

167 180
188 208
162 188
195 217
168 188

184
210
193
228
186

190
214
200
238
203

Prices in Pta per kg. carcass weight
market exchange rates.®?P

77 78 79 80 81 82 83 84 85 86

172
192
177
221
199

at

87

170
188
171
227
187

206
216
198
242
230

88 89

159
155
144
157
1386

205
204
205
216
188

207
207
208
221
186

210
217
213
247

126
112
113
107
102

131
123
121
119
119

127
123
116
129
126

137
137
124
146
118

187
181
175
186
168

204
222
214
239
203

to 1989.

235

189

202
194
222
199

173
183
172
218
187 230

® Pigs class II from 1977 to 1985, and pigs class I from 1986

b These prices are domestic market prices in each country
converted in pta at the market exchange rates (green rates are not

used) . See appendix I for exchange rates.

Sources: Anuario de Estadistica Agraria, MAPA. El Sector de la
Carne Porcina en Espafia y en la C.E.E. Informes y Estudios del

F.O.R.P.P.A.

Comunidad.

MAPA., 1985.

Comisidn de 1las Comunidades Europeas.

Markets. Commission of the European Communities.

La Situacibén de la Agricultura en 1la
Agricultural
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xed) by the monetary compensatory amounts' mechanism (table 9).%
After accession, a slump in hog prices in the EC derived from

a peak in production had a depressing impact on the Spanish market.

Imports were entering into the country, while exports to the EC

were forbidden because of the swine fever. Prices in Spain went
from a peak of 200 pta/kg per live animal in 1986 to a low of 120
pta/kg in 1988 (figure 4). A quota on piglets imports reaching
55,000 piglets per month was set in 1987 (but not enforced) to slow
down the fall in domestic prices but prices in Spain did not reco-
ver until the approval by the EC in April 1988 of strict enforce-
ment of the import quota and financing of private storage in

Spain.’®

The regulations governing hog prices in the EC are similar to
Spanish provisions of market intervention before the entry of Spain
in the EC: set floor and ceiling prices and subsidized financing of
private storage. However, there are no substantial intervention
activities when market prices are outside the floor and ceiling
boundaries (as was the case in Spain prior to the entry into the

EC) .

'* Monetary compensatory amounts were set in place to reduce
the impact of exchange rate movements on agricultural prices. A
country with a strong (weak) currency would have decreasing
(increasing) agricultural prices as the local currency appreciates
(depreciates) because agricultural prices are fixed by the CAP in
ECU terms. Monetary compensatory amounts are being eliminated
driving green ECU rates toward market ECU rates.

> Actualidad Agraria, March-April 1988. Agricultura, March-
April 1988. El1 Pais, March-April 198s.
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2.1.4 Trade.

Table 10 shows hog imports and exports of live animals and
meat. Prior to 1986, imports and exports were made by the govern-
ment exclusively and trade was less than 10,000 tons a year. Hog
trade after accession is done almost entirely within the EC with
imports of live animals and meat coming almost entirely from EC
countries. Netherlands is the main supplier providing more than 60
percent of feeders and near 50 percent of fed pigs and pigmeat.
Exports are low because Spanish hog exports to the rest of the EC
were forbidden until May 1989. Exports were prevented because of
the swine African disease, but improvements in sanitary conditions
in recent years have opened the way to hog exports to the EC. Total
Spanish hog imports have been around 70,000-120,000 tons per year
since the entry in the EC in 1986, which is between 5-7 percent of
domestic production.'® Meat imports represent 50,000-80,000 tons
and the rest is imported as live animals (feeders and fed pigs,
approximately 40,000 MT).%

Hog imports are explained by three factors: hog price diffe-
rences in "real" terms (at ECU's market exchange rates), the good

marketing networks of foreign firms and the monetary compensatory

® This percentage is above 10 percent if production resulting
from imported piglets is taken into account (approximately 100,000
MT)

7 The accession treaty established quantitative restrictions
up to 1989 that were implemented several months in 1987 and 1988
(but only enforced during April 1988). According to the accession
treaty, Spain may impose quantitative restrictions toward third
party countries until 199s.



Table 10

Live animals (1000 MT)

Spanish hog imports and exports, 1985-1989

Meat (1000 MT)

28

IMPORTS
1985 0.1
1986 0.5
1987 0.6
1988 0.4
1989 0.3
EXPORTS

1985 -
1886 -
1287 0.1
1988 -
1989 -

Sources: Direccidn General de Aduanas.
Comercio. Ministerio de Economia y Hacienda.

Reproducti- Piglets Fed
ve Gilts
and Boars

animals

56.3

43.0

15.1

38.9

33.5

16.4

5.8

17.5

Total Refrige- Frozen Offals Total
rated

68.5
54.5
48.6

78.3

Secretaria de Estado de
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amounts (price differential between green and market ECU's). Hog
prices in green ECU terms inJSpain after the entry into the EC in
1986 have been above prices in the main producer countries such as
Netherlands, Germany or France (table 9)." Foreign firms take
advantage of their distribution networks supplying products with
appropriate characteristics in terms of size, weight and quality.
Finally monetary compensatory amounts which now are being
dismantled provided an export subsidy between 1986 and 1989 to
imports from Netherlands and Germany.

There are 2,500 companies in the pork meat business employing
23,000 workers but only 150, with more than 30 percent of output,
fulfill the sanitary and technical requirements needed for expor-
ting to the EC. These companies are distributed as follows: 50
slaughtering houses, 40 packing houses and 60 refrigerated

warehouses.

2.2 The Hog Industry in the European Community.

Hog production in the EC-12 was 13.3 million tons in 1989,
almost half the total volume of meat produced. Ranked by herad size,
the countries with the largest herds are Germany, Spain, Nether-
lands, France, Italy and Denmark (table 11). Spain ranks fourth in

pork production reflecting the relatively low Spanish productivity.

'® Green ECU prices are the prices at which hog imports and
exports take place.
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Table 11 Hog herd and pork production
in selected countries, 1988

Herd size Pork production

(10° heads) (1,000 tons)
Germany 23.7 3,250
Spain 17.2 1,703
Netherlands 14.2 1,908
France 11.8 1,780
Italy 9.4 1,168
Denmark 9.0 1,154
EC-12 104.0 13,289

Source: La Situacidn de la Agricultura en la Conunidad.
Comisién de las Comunidades Europeas. Eurostat.
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Consumption and production are expanding although consumption

has been traditionally high in the EC northern countries. Recently
there has been an increase in consumption in the EC southern
countries, particularly in Spain and Italy. Production takes place
in a very competitive environment and large differences between the
growth of output and input prices indicate productivity gains.
Colson (1988) indicates that the hog price between 1970 and 1981
has decreased in France at a yearly rate of 3.4 percent in constant
francs because of reduced compound feed costs and improved produc-

tion techniques. Two technical ratios indicate these productivity

gains, the feed consumption index and the numerical productivity of

sows. In France between 1976 and 1986 the feed consumption index

has moved from 3.62 to 3.44 kg/kg. and sow productivity has changed

from 15.1 to 16.9 hogs/sow/year. These productivity gains have

occurred because of large reductions in the number of farms, the
increase in the average herd size and regional specialization at
the EC level (Colson, 1988),

Trade is developing because of this regional specialization,
and production organization and location are changing. Throughout
the community the number of hog farms has diminished by more than
50 percent in a decade and the average herd size has doubled to
almost 80 animals per farm. But large differences exist in herd
size by country: Netherlands (406), United Kingdom (383) and

Denmark (246) versus Greece (32), Italy (19) and Portugal (9)."

¥ La Situacién de la Agricultura en la Comunidad. Comisién de
las Comunidades Europeas. Various issues.




The price support policy in the hog market reflects the CAP
f framework. Its structure revolves around base and a buying prices.
: The most important element is determined by production costs, and
i policy measures intend to ensure this price to farmers. From 1985
3:to 1990 this base price has been 2,033.3 ECU/MT (299.1 pta/kg.).
;Intervention neasures may occur when market price falls below the
103 percent of basic price but these measures are optional. As
indicated previously, intervention measures consist in buying,
financing of private storage, and export subsidies but no buying

intervention activities have been pursued in recent years.

: Furthermore, the Commission of the European Communities has

proposed a reduction in the base price and in hog export subsidies.
Barriers to hog imports from third party countries also may be
eased to make possible imports from Eastern Europe.

The relatively low intervention level in the hog market has
induced technical and organizational innovations to manage risk
(Colson, 1988). These innovations include farrow to finish
operations to control the whole production process, and contracts
between farmers and producers® assdciations. By using these
contracts farmers obtain technical support and more stable prices.

Among the principal producers in the EC, Netherlands, Germany
and Denmark hold a comparative advantage in hog production over
France, Spain and Italy. Daumas et al. (1988) have compared the
gross margins over feed costs in hog production for several EC-10
countries. They observe that the economic returns for producers in

Germany, Denmark and Netherlands are superior to French producers.
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Furthermore, they believe that the added value tax and the feeding
costs are advantageous factors to German, Danish and Dutch
producers.

Netherlands is a country with a very competitive hog sector
exporting large quantities of pork to other EC countries. According
to Buxadé (1988), the reasons for this dynamic export behavior are:
a favorable geographical location, availability of inexpensive feed
supplies (Rotterdam), large compound feed facilities taking
advantage of economies of scale, farms with a high productivity
level, efficient marketing organizations based on cooperatives, and
favorable monetary compensatory amounts which encourage exports.

Intra-Community trade was 2.1 million +tons in 1985.
Netherlands, Denmark and Belgium are the main exporters while
Germany, France, United Kingdom and Italy are the main importers
(table 12). Netherlands exports to Germany, Italy and France.
Denmark supplies the United Kingdom and Germany, and exports from
Belgium and Germany go to France and Italy respectively.

External trade is smaller than intra-Community :trade. The
United States and Japan are important markets for exports and
Hungary is an important supplier.? Developments in Central Europe

may expand hog exports from Hungary and Poland.

%0 Before reunification, East Germany was also an important
supplier.
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Table 12 Hog trade in selected EC-10 coun-
tries, 1,000 M.T.,® 1985

Intra-Community trade

Imports Exports
Germany 576 Netherlands = 1,029
France 450 Denmark 450
United Kingdom 422 Belgium 324

- Italy 418 Germany 139
Total 2,138 Total 2,138

External trade

Total Imports 218

Total Exports 440

® Live animals and meat, given in equivalent carcass meat.

Source: La Situacidén de 1la Agricultura en la Comunidad.
Comisién de las Comunidades Europeas. Eurostat.
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2.3 Overview of the Spanish Hog Industry.

Spain has a large hog industry, the second in terms of herd
size in the EC. In recent vyears, there have been important
improvements in production and management techniques driven by the
 integration process in private companies and cooperatives. Never-

theless, a sizable part of the sector still consists of small farms

which have a fairly low technological level.

Hog production has increased at a rate of more than 7 percent
a year since 1965, and technology has played an important role in
this expansion, specially in the 1970's and 1980's, a development
driven by integration in private companies and cooperatives. The
decline in relative prices (hog/compound feed) and parallel expan-
sion in hog supply'can be only understood if technological change
is taken into account. Two additional factors are important to
consider: the strong seasonality in supply and the existence of
cycles in guantities and prices. With accession, the Spanish hog
market will likely be more affected by developments on the EC hog
market.

The analysis that follows tries to encompass the most salient
characteristics of the Spanish hog market and the behavior of
Producers and consumers, in order to provide information to the
different agents (e.g. government, private companies and coopera-
tives, and farmers) involved in this market.

To perform the analysis, an econometric model is developed
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which includes pork and compound feed prices and pork quantities,
~ technology, income level, and behavior of related meat markets. Net
,:imports are taken as an exogenous factor affecting the Spanish
. markét. The modelling process is explained in the following

chapter. In Chapter 4 the policy analysis results are presented.
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CHAPTER III MODELLING THE SPANISH HOG SECTOR

3.1 Overview of the Spanish Hog Model

The hog market is represented by an econometric model inclu-

:aing a supply and a demand equation which are specified as linear.
The variables output price and output quantity are endogenous and
Ehe remaining variables are predetermined (lagged endogenous or
éxogenous).

. Inventories or external trade are not included; inventories
ére very small and do not influence price determination. External
trade has been historically insignificant but with the entry into
the EC a development of external trade is taking place. However,
fhe model is domestic because the lack of trade prior to the entry
into the EC prevents the estimation of a trade behavioral equation.
Use of the model for policy analysis is performed considering trade
exogenous.

Appraising the relevancy of the model requires a discussion of
- possible structural change induced by the accession, the use of a
‘partial equilibrium as opposed to a general equilibrium framework

and the domestic scope of the analysis. Structural change occurs

tiWhen the parameters or the functional form of the model change. In

- the presence of a change in the economic environment, such as

_ integration into the EC, structural change may pose a problem with
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econometric techniques. Parameters are estimated based on the past
relationships among variables and as Labys (1984) points out, the
guantitative and gualitative nature of these relationships may
change and other variables which are not in the model may become
relevant. In order to analyze the structural change in the hog
market induced by the entry into the EC, the constancy of model
coefficients is assessed.

With respect to the second question, the use of general
equilibrium models in agriculture is becoming more common. A
general equilibrium model incorporates the linkages between sectors
and markets and the model represents the whole economy. These
linkages in an agricultural sector model are feedbacks through
income on the food demand and feedbacks through input markets on
food supply. Another feature of general equilibrium models is the
formulation of the model based on the behavioral patterns assigned
to the actors in the economy.

A partial equilibrium model describes exclusively a market for
particular commodities. Partial equilibrium agricultural models can
explain a particular market in considerable detail including the
substitution effects between commodities. However, they do not
- represent non-agricultural prices, household and government income
and expenditure. As Keyzer (1988) indicates, this fact limits the
use of partial equilibrium models in welfare analysis.

This study uses a partial equilibrium framework because the
Primary interest of the research is the hog market. This framework

makes possible a more careful and detailed representation of the
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hog market and permits the inclusion of specific factors influen-
cing hog production and consumption such as technology, input and
output prices and government programs. Consideration of the entire
agricultural sector and the inclusion of non-agricultural commodi-
ties would reduce the precision of the model for analysis of the
hog market. It also would increase unnecessarily the complexity of
the model in terms of methodology, data requirements and formula-
tion.

The third gquestion is the domestic scope of the model. The
model covers only the Spanish market which after the complete entry
of Spain into the EC will change. The effective integration of the
Spanish hog market has been limited by the existence of the African
swine disease. Because of the disease Spain can be considered as a
separate market. That is, that while Spain was importing some
feeder pigs, fat pigs and meat, hog exports were impossible until
May, 1989. Opening the borders has resulted in small exports. The
yearly domestic production is around 1,700 thousand tons and
exports in 1989 were merely 6.2 thousand tons of ‘meat and 0.4
thousand tons of live animals. Spanish imports from the rest of the
EC are increasing and there is a convergence in hog prices as can
be observed examining the hog prices in the EC member countries
(Figure 4, pg.23).

The effects of entry into the EC on the hog sector are
analyzed within a domestic model framework. Some other closed
models have been used to analyze agricultural sectors in EC

Countries (Oskam et al., 1988; Mahé et al., 1978). Oskam presents
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a closed model divided in four subsectors and one subsector is
intensive livestock farming. The authors acknowledge the influence

of developments in other countries on the domestic price formation

but their model is closed and the only external influence included
is the price of imported feeds. The approach taken here to analyze
the trade outlook is similar to that of Mahé et al.(1978). In the
present analysis, as in theirs, the model explains domestic demand
and supply and trade is basically exogenous. The effect of Spanish
entry into the EC is examined by a simulation analysis which takes
net imports as exogenous, and permits trade to influence price

determination.

3.2 Previous studies on the Spanish Hog Sector

This section reviews the quantitative studies on the Spanish

hog and related livestock sectors. Early quantitative studies on

the hog sector in Spain concentrated on the analysis of the cycle

of prices and output. Weinberg and Sobrino (1958) observed a cycle

fluctuating from 4 to 5 years. Caldentey (1968, 1980, 1981) used
various procedures to analyze prices: covariance with other prices

and analysis of pork cycle, distinguishing among seasonal, trend,

cyclical and stochastic components. Caldentey observed a cycle of
3 and a half years for the period 1959-77.

Recent studies have used econometric and univariate (ARIMA)
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techniques to analyze the hog sector or other livestock sectors.?
Econometric technigues are used by Caldentey and Titos (1979) and
Albiac (1988) to analyze the hog sector and by Soria et al. (1976)
to analyze meat demand.

Soria et al. estimate "per capita™ meat demand functions using
yearly data for the period 1953-1973. They specify the demand for
pork as a function of own and substitute meats' prices and income.
Estimating a fairly simple demand system with ordinary least
squares, a price elasticity of 2.39 is found for pork. Cross
elasticities are 2.77 for beef and 1.60 for chicken. The income
elasticity they find is 3.86.

Albiac uses a recursive model of the hog market, estimated
with monthly data, to forecast hog prices, comparing its accuracy
with an ARIMA specification. A naive supply equation is specified

with the ratio of hog to feed prices capturing production decisions

at lags t~6 and t-12; the short-term quantity response to own price
also is included. The supply equation is substituted in a price
dependent demand equation and this final equation is estimated.

Variables are not very significant except for lagged hog price

(short-term response).

1 A group of researchers has used univariate analysis to
Predict meat prices: Alvarez and Martinez (1984) predicted lamb
Prices with an ARIMA model, and San Juan (1984, 1985) used ARIMA
and transfer function specifications to analyze price indexes of
agricultural products. Sanso et al. (1989) used ARIMA models to
Predict lamb prices and quantities, analyzing how predictions
behave during the first years of Spanish accession into the
European Community. Cancelo (1989) has done short-term forecasting
of agricultural prices analyzing livestock and other agricultural
brices with ARIMA specifications.
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Caldentey and Titos analyze the supply response for hogs in

Sspain, specifying a supply equation with two approaches: partial
adjustment and Almon lags. Using quarterly data from 1969 to 1977,
hog price and the ratio hog price to barley price as well as a time
trend for technology are used to explain hog response. Both formu-
lations, partial adjustment and Almon lags, fit the data well. The
partial adjustment frame is specified on a six-quarter lag. The
polynomial distributed lag is specified for periods t-1 to t-11 and
t-12, with a second degree polynomial. Price is specified successi-
vely as hog price and as an output to input price ratio. The
partial adjustment supply elasticities are, short-run: 0.4 (price
ratio) to 0.7, and 1long-run: 0.6 (price ratio) to 1.0. The
polynomial lag supply elasticities range from 1.4 (price ratio) to
2.5,

From the perspective of this research, the article. by
Caldentey and Titos on hog supply is the most interesting work. The
results obtained can be used as a reference for the structure of
hog supply. A drawback in their work is that they used a limited
number of observations (1/69-1/77) and only introduce input price
as a ratio with hog prices. Perhaps a reason for not including
input price as a separate variable is the possible appearance of
wrong signs in the hog supply equations because of the sharp drop
in real hog prices induced by technological change.

The information gained from previous research is scarce except
for the article by Caldentey on hog supply. Few articles focus on

the hog market and some of them use guestionable procedures.
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3.3 Review of supply response and demand analysis

The present study analyzes the hog sector using a market model
of supply and demand. An econometric representation of the Spanish
hog sector is generated which incorporates the dynamics and
production characteristics of the sector. Output and input prices
as well as technology are inciuded. Some special factors
influencing agricultural supply such as price expectations of
farmers are incorporated. The demand component of the model is
formulated within a single equation price dependent framework. In
this case, price is influenced by quantity and substitutes'
quantities, income, population and preferences.

Alternative price expectation mechanisms are used to specify
supply: naive, polynomial lags, and adaptive and rational
expectations. The expectations mechanism most consistent with the
Spanish market will be selected. The hog market model also is

examined for structural change.

3.3.1 Supply response formulations

The empirical supply response formulation can be derived from
producers' utility functions. A class of these utility functions is

defined by:

(1] EU = Ell = E[py-c(y)]
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where U is utility, @I is profit, y is output, p is output price and
c(y) is cost. It can be shown? that the utility function [1]

implies a supply response formulation specified as:

[2] y =3, + a; E(p) + a, x

where x is input price.

It is a common practice in many studies to specify directly
the supply response function without deriving it from a problem
involving the optimization of the producers' utility function.
Some authors argue about the advantages of direct specification
of the supply function. Hendry et al. (1984) point out that
"economic theory provides relatively little prior information about
lag structures" and consider that "economic~theory based models
require strong ceteris paribus assumptions..., and [some
assumptions] take the form of inclusion information" which may be
wrong (assumptions about exogeneity versus endogeneity, and
assumptions about irrelevant variables versus variables assumed
constant)?.

It is clear that actual supply of a commodity is influenced by
numerous factors. The discussion here focuses on price expectations
which have long been recognized as important in affecting the
supply of agricultural commodities. Later, more discussion is

bresented on the other factors which influence Spanish hog supply.

22 Roe et al., 1985, pp. 385-87.

3 Hendry et al., 1984, pg. 1025.
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3.3.1.1 Price expectations

Several formulations exist for modeling price expectations
which are discussed here. The early use of expectations includes
the cobweb model and work by Fisher (1925) with distributed lags.
The cobweb model assumes that the producers' expected price at time
t is the price at current time t-1, often called naive expecta-
tions. An alternative to naive expectations which takes into
account the most recent change in prices was proposed by Metzler in

the 1940's. Metzler defined extrapolative expectations as:

*

[3] Y t = Yt,1 + B(Yt-1_yt-2)

where yz is the expected price at time t viewed from period t-1,
Y.y and y,, are actual prices at time t-1 and t-2, and 820 is
Metzler's coefficient of expectation. Extrapolative expectations
modifies fhe cobweb model adjusting the price y,, by a proportion
B of the direction of change in prices, where B specifies the
weight of the price change in forming the price expectation yn.
Distributed lags, which were not used until the 1950's to
model expectations, were popularized by Koyck's work on investment.
Cagan (1956) and Nerlove (1956) used distributed lags to explain
expectation formation and conceived the adaptive expectations and
partial adjustment models.

The adaptive expectation hypothesis states that the change in

expectations from period t-1 to period t is a fraction of the
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difference between the actual and the expected value in period t-1.
That is, the expectations are formed on the basis of the error

between lagged expected and actual prices. More formally,

[4] Y ¥ = B(Ye Y ) 0<B<1
where y: and y, are, respectively, the expected and actual value of
variable y at time t, and B is the coefficient of expectation.

Recurrent substitution of yx*:using [4] results in a geometric lag

structure:

[5] Ye=8y._ + (1-B)8 Yip + (1-B)°B y, o + ...

Use of the Koyck transformation, results in expressing supply in
terms of lagged supply and last period price, an outcome similar to

partial adjustment.? However, note that the error terms are

2 Giver}* the supply equation Q= a Pt* + u,, where Q, is quantity
suppaied, P, is expected price, and u, is the random disturbance,
if P are formed adaptively, by using [5], the supply equation may
be written as a transfer function:

(1) Q= a B 3, (1-8)'P,_;, + u,

Multiplying this eguation by (1-B) at time t-1 and
subtracting, results in:

(2) Q= (1-8) Q. , + a B P, + v, where v=u,-(1-8)u,,

A similar outcome is obtained from the supply equation Q.* =
¥ P, + u, where Q; follows a pagtial adjustment mechanism given %y:

(3) Q =~ Qq =42 (Q = Q,4) where 0 < A < 1

Substituting this expression in the supply equation a
stochastic differential equation is obtained:

(4) Q = (1-4) Q, + Ay P + Anu

As Harvey states it, "the transfer function specification (1)
can be derived from a theory of adaptive expectations while the
stochastic difference equation (4) arises as a consequence of a
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different between the adaptive expectations and the partial
adjustment specifications.

The adaptive expectations framework can be viewed as coming
from a model generating Y, as a linear combination of random

disturbances:

(6] Yy = € + B I, €

which implies that equation [4] gives optimal forecasts. As Chow
(1983) points out, Muth stated the underlying model generating vy,
in such a way that equation [4] gives optimal forecasts. The model
is given by eguation [6], where €, is white noise. Subtracting Ve

from both sides of the equation and rearranging yields:

[7] Yo = Yeq + € = (1-B) €.

Given the information set I,.;up to t-1, defining y:= E(ytIIb1)

= (.1Y¥.» and taking expectations on both sides of the last equation,

yields:
(8] t-1¥e = Yeq — (1-B) €.,
=8 Yi.q + (1-8) (Yt.‘] - Et-1)
=B ¥t (1-B) ¥,
or noting that _,y, = y*, and t2¥e1 = Y g

process of partial adjustment" (Harvey, 1989; pg.229).
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[9] Y. =By, + (1-B) ¥,

which reduces to expression [4]. The model in equation [6]
generates the adaptive expectations formula given by equation [4]
under the rational expectations hypothesis yx = E(yt]Ib1) which
means that "the expectation assessed by the market (yZ) equals the
true conditional expectation using all available past information

(E[Y,}I,.,1)" (Mishkin, 1983, pg.9).

An alternative to the geometric lag structure imposed by the

adaptive expectations mechanism is the polynomial distributed lag.
In this framework, expectations about prices are formed as a func-
tion of weighted past prices (Traill, 1978; Hurt and Garcia, 1982).
This expectation formation mechanism is similar to the naive formu-
lation with weights spreading over several periods. Meilke et al.
(1974) indicate that this mechanism is more realistic than adaptive
expectations in modeling livestock production because it may captu-
re more smoothly changes in weights, culling rates and herd expan-
sion decisions. In particular, supply can be specified as:

(10] Yo = @ + B(Wpx, + WX,y oot WX )+ €,

t-1 not-m

where the weights W, are given by a polynomial of degree (q,

{113 W, = ap ol ...t aqiq (i=0,1,2,...,m)

As Judge et al. (1985) note, polynomial distributed lags have been

used extensively in applied work because of their flexibility, the
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reduction in the number of parameters and the simple estimation
procedure provided by the method.

Most studies dealing with agricultural supply response genera-
1lly have specified supply using some form of these expectation me-
chanisms. At times they are combined with a partial adjustment for-
mulation. Fisher (1982) points out that the restrictions on the
distributed lag parameters in these expectations mechanisms are "ad
hoc" when the proper procedure is to obtain these restrictions from
an optimization process. An alternative expectation formation me-
chanism which has a more complete theoretical foundation is the
Rational Expectations Hypothesis (REH). In this framework, expecta-
tions are formed conditional on the structure of the model descri-
bing the market and the information from exogenous variables. Ra-
tional expectations postulates that the expectations of economic
agents are the conditional expectations of the economic variables
based on all available information up to the time of the forecast
including the structure of the econometric model that generates the
forecasts. Rational expectations formulation implies: that the ex-
pectations of economic agents are distributed around the prediction
of the theory.

Sheffrin (1983) and Fisher (1982) indicate several weaknesses
within the REH. Two critiques are aimed at two simplifying assump-
- “tions of the REH. The assumption that agents know with certainty
the process generating the exogenous variables is unlikely and in-
consistent with subjectivist probability, learning and adaptive be-
havior. The subjectivist probability criticism is that subjective

probabilities in rational expectations models are egquated to the
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probability generated by structural models which is inappropriate
because the conditions for frequency and subjective interpretations
of probability to be valid are not equivalent (Swamy et al., 1982;
Swamy et al., 1985). The second simplifying assumption is that all
information available is used by agents, which contradicts the fact
that information acquisition is costly.

Another objection is the supposition that the use of informa-
tion by agents is efficient, although this efficiency is congruent
with the generally accepted principle that agents are optimizers.
The criticism that economic cycles are incompatible with rational
expectations has been refuted by Sargent (1987).%

An empirical difficulty with the REH is that estimation is
more complicated than with other expectations mechanisms because
the observable reduced form, which is obtained substituting the
expected endogenous variables by their expressions in terms of the
model parameters and exogenous variables, is non~linear in the pa-
rameters. In testing the REH a projection of the predetermined va-
riables is used which makes tests of the REH frail because these
tests are conditioned by the structure used in projecting the pre-
determined variables. Fomby et al.(1984) recommend the use of par-
simonious models on the grounds that economic agents may well use
simplified structures to make easier the projection of the prede-
termined variables.

Chow (1989) raises the question of the empirical validity of

» Ssargent shows that technology and cost of adjustment
introduce lags in expectations models and the stochastic linear
difference equations derived from these models can generate cycles.
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the REH compared with alternative expectations hypothesis. He cau-
tions about the use of rational expectations, showing that adaptive
expectations combined with models for stocks explain better the
~data than rational expectations.

| Nerlove (1979) considers quasi-rational expectations as an
:alternative to rational expectations. Quasi-rational expectations
ﬁgare obtained substituting the anticipated values of both endogenous
f and exogenous variables by their minimum mean squared error predic-
?tions from ARIMA specifications. Quasi-rational expectations are
easier to estimate but the drawback of this approach is that such
- a predictor would have a larger forecast error variance than that

of the REH provided the REH is correct (Wallis; 1980, pp. 54-55).

3.3.1.2 Expectations mechanisms used in this study to

specify hog supply

The Spanish hog market is modeled under the naive, polynomial
lags, and adaptive and rational expectations mechanisms. These

alternative specifications will be examined through parametric and

non-parametric validation techniques using non-nested hypothesis

testing and performance measures based on out~-of-sample forecasts.

The first specification of supply is the recursive model in

which quantity supplied depends on lagged price, the lag capturing
the effect of the production delay and the assumption that produ-
cers expect in the future the price prevailing in the current peri-

od. The second expectations mechanism is a pelynomial distributed
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lag in which the weights of p:ices in production decisions follow
an inverted V.

The third mechanism of expectations used is adaptive expecta-
tions under which the expected price can be viewed as a geometric
lag structure of past prices, and using the Koyck transformation,
quantity supplied depends on lagged quantities and lagged prices.
Adaptive expectations have been used thoroughly in empirical work
with excellent results, although they have been used, in general,
without imposing the restrictions derived from the hypothesis.?
In the model proposed, the hypothesis that output price follows the
adaptive expectations mechanism is given by (Kmenta,1986):

[12] PH', - PH',, = (1-a) (PH,, - PH

t-r t-r‘)

where PH, is hog price in period t and PHZ is the expected hog
price in period t. Equation [8] can be written as:
*

[13] PH', = (1-a) PH,, - a PH"_,

or

[14] PH', = (1-e¢) (PH, + a PH_, + o® PH,_; +... ]

r r

A fourth alternative is to specify a rational expectations

model. Following Wallis (1980), a general rational expectations

% These restrictions are derived later in page 64.
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model with g equations and g endogenous variables can be stated as:
[15] BY, + AY" + TX, = u,

vhere the parameter matrices B, A are of dimension gxg and the
parameter matrix I' is of dimension gxk. The variables Y., Y*t, u, are
of dimension gx1 and variable X, has dimension kx1. Y, is a vector
of endogenous variables, Y*t is a vector of unobservable expected
values of Y, and X, is a vector of exogenous variables. The
rational expectations hypothesis implies that:

*

[16] Y = Een(Y]0y)

The reduced form of model [15] is:

. = —n-lav* _p- -1
[(17] Y, = -BAY" -B'rX,+B ',

taking expectations conditional to 2, , and assuming that the

disturbances are not correlated yields,

(18] Y, = -BAY" -B7'rX",

or

*

[19] Y

~ (B+A) "'TX",
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In this equation, Y¥", is expressed in terms of the model

t
parameters and.Xn. This permits substituting Yﬂ into [17] obtaining
the "observable" reduced form. The "observable" reduced form is

given by:

(20] v, = B'A(B+A)'rxX’, - B'rX, + By,

The reduced form shows that Yt is a function of the model

parameters and the expected and actual values of the exogenous
variables.

Under naive, polynomial and adaptive expectations mechanisms,?
predictable price patterns arise and producers or speculators may
profit from them. These expectations mechanisms give rise to
dynamic supply equations which, coupled with demand components, may
have cyclical behavior to exogenous shocks.

Hayes and Schmitz (1987) discuss the changing patterns of hog
cycles and counter-cyclical behavior. They point out the two main
opposed arguments involving cycles. One argument states that cycles
are the result of irrational producers ignoring information. The
second argument affirms that efficient markets prevent the emergen-
cy of predictable patterns. The authors state that cycles in pork
prices have been dampened by countercyclical producers (producers
who behave in a countercyclical manner) and they present evidence

supporting the development of countercyclical behavior in recent

¥ Except in the special case that the adaptive expectations
formula is generated by rational expectations. See page 48 above.



55
decades. They draw the conclusion that efficient markets can exist
in the presence of hog price cycles but producers can not profit
from this information.

Leuthold et al.(1989) present results which contradict this
efficiency showing how to make profits from public available infor-
mation. They use both an econometric model under naive expectations
supply and ARIMA specifications to predict hog prices.

Under rational expectations, hog prices fully reflect all
available information and every agent knows the expected price and

quantity and acts in consequence.

3.3.2 Demand functions

Consumption theory provides the guidelines to specify demand
equations. Some important issues to consider in empirical analysis
of demand are: demand models available, separability assumptions,
and the aggregation problem. The aggregation problem refers to the
conditions under which the results of the theory of consumer beha-
vior are applicable to the analysis of market demand. Exact linear
aggregation requires average consumption to be a function of avera-
ge income and prices. This implies that income distribution does
not affect consumption, or in different terms, the marginal propen-
sities to consume are identical for all consumers and individual
demands are linear in income. Exact nonlinear aggregation requires
average budget share to be a function of prices and a "representa-

tive" income which can depend on income distribution. In the pork
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demand equation presented below, exact linear aggregation is assu-
med.

Early work in demand analysis focused on individual
commodities. Later developments in consumer theory have led
empirical demand analysis toward the consideration of demand
systems. The more important demand system models are the linear
expenditure system, the Rotterdam model, the indirect translog
model, and the almost ideal demand system. In these models the
specification of demand systems is consistent with a particular
utility function.

Discussion of these demand systems is beyond the scope of this
study because the present analysis focuses solely on pork demand.
For such demand to be independent of other commodities,
separability assumptions are needed. Separability is defined by
Deaton -gt al.(1980) as the property that "“commodities can be
partitioﬁed into groups so that preferences within groups can be
described independently of the guantities in other groups". In the
moedel presented here it is assumed not only that pork demand is
related exclusively to other meats but also that a single equation
is a suitable representation of pork demand. Deaton notes that a
single equation approach simplifies the explanation of demand to a
small number of variables and facilitates estimation.

Demand systems explain expenditure shares. In the present
analysis, instead of explaining expenditures shares, the model of
pork demand links directly prices and quantities. Such a model is

more appropriate for simulation purposes. Moreover, Deaton et al.
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(1980) recommend modelling detailed commodity demand within a
single equation context. They indicate that the method is more

flexible and it is the best approach in explaining a specific

commodity; it permits to modify the functional form freely and

select the appropriate explaining variables.

3.3.3 Estimation procedures

A supply function specified with naive or adaptive
expectations can be estimated by OLS provided that the disturbance
term is white noise. An additional condition for using OLS with
adaptive expectations is a large sample size. Adaptive expectations
in presence of serial correlation require IV or ML estimators
because the random term and the lagged dependent variable are
correlated (Harvey; 1981, pg. 266). If the structural rather than
the reduced form adaptive supply coefficients need to be
calculated, then a non-linear procedure is required. An equation
with polynomial distributed lags is estimated by a restricted least
squares estimator when the polynomial structure on the lag weights
is introduced as constraints to the initial model.

A rational expectations model is estimated by non-linear
procedures, either LIML or FIML (Wallis; 1980), although single
coefficients for the reduced observable form [16] can be estimated
by standard multivariate regression procedures (Wallis, 1980).
Pagan (1984) warned about the use of predictor and residual

generated regressors to anticipate expected prices which may cause
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estimation and inference problems, namely efficiency loss and
inconsistency of the covariance matrix estimator. He indicates that
it 1s necessary to estimate the model in an error in variables
framework. Antonovitz et al. (1989) argue that these constructed
regressors can be viewed as being generated by stochastic
processes; in such a case the SURE estimator will be also the MLE
provided that the regressors are independent of the disturbances.
If they are not independent or if the disturbance vector is not
white noise an estimator with the MLE properties is required. Only
in the case of a true rational expectations meodel, where producers
are aware of the structure of the model and base their decisions on
the true unobservable mean, is the error-in-variables model the
preferred alternative (Antonovitz et al., 1989).

Auxiliary ARIMA specifications will be used to predict the
expected mean of the exogenous variables. These auxiliary models
would have to be estimated jointly with the hog model but in order
to simplify estimation they are considered separately. Wallis
(1280) and Pagan (1984) acknowledge the procedure results in loss

of efficiency.

3.4 An econometric model for the Hog Market

The hog market is represented with an econometric model
including a supply and a demand equation which are specified as

linear in the variables. Stocks are not considered since pork

- inventories are very small; in recent years average pork stocks
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were less than 1 percent of annual production (MAPA, 1985). In the
supply side, lack of data precludes disaggregating production into
the feeding and breeding components.

The hog price and the price of compound feed for hogs are
included in the model. The hog market has two policy set prices,
base and buying prices as explained above. Because intervention
activity in the hog market has been limited, no attempt is made to
incorporate in the model bounded price variation. The orientation
of the CAP at present is towards less intervention in agricultural
markets and the hog market will likely remain a market with a low
profile of government interference.

Two important issues need to be considered in examining the
hog production process. One is the biological lags involved in
production, which arise because of gestation and rearing lengths.
The other issue is concerned with identification of the time frame
of production decisions and factors affecting these decisions. In
hog production, resources are incorporated in the production
process for a certain length of time, and the decisions to commit
resources are taken based on expectations of relative profitability
(Stillman, 1985). Production decisions are further complicated by
the fact that in hog production, animals are both consumption and
capital goods at the same time.

The short- and long-run hog supply responses to changes in
prices are distinct. In the short run, variation in supply is
small. Full adjustment in hog supply to changes in prices takes

place in the long run where the number of feeding animals and
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breeding stock can be altered. This short- and long-run livestock
supply response has been analyzed by Jarvis (1974) using
microeconomic models in which animals are treated as capital goods.
In the short run, pork supply and output price can move in opposite
directions. When price is high, female animals are kept in the
breeding stock to expand production and fed animals are slaughtered
earlier at lighter weights; both phenomena decrease supply. The
opposite happens when prices are low, increasing output. Generally,
this short-run production response is small because pork is a
perishable commodity and storage is costly.

Production decisions are based on expected prices, here the
hog supply equation has expected price variables which reflect the
decisions made in previous periods. Biological 1lags in hog
production are outlined in.figure 6.2 It takes about 11 months to
expand the breeding herd, and after new gilts are bred, an
additional period of 10 months is required to have fed pigs ready
for slaughter. The decision to bred gilts is taken about 10 months
before the grown animals are marketed. The breeding decision and
the decision to expand the herd are captured by the expected hog
price and compound feed price variables at quarters t-4 and t-8,
respectively. Short-run response is not included in the supply
function because the data are quarterly and it is presumed that the

short-run response is not detectable.

8 Because of the swift technological change that has occurred
in recent decades in Spain, the gestation and rearing lengths given
by Stillman are in line with lengths at most of the Spanish produc-—
tion facilities.
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Figure 6 Biological lags in pork production
Slaughter
5-6 months
Pig born
3.75 months
Gilt bred
7-8 months
5-6 months
Pig born Pig born
3.75 months
Gilt bred Gilt bred
Source: Stillman, 1985.
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The specification of the guarterly pork supply equation

follows from eqguation [2]:

k] k3
[21] QH, = a, + a, t4PH . + a, PCF _, + a; ..oPH

+ a, PC:Ft_’8 + ag Tt + a, D1t + a, D2t

+ ag Dy, + Uy,
where QH is total carcass-weight domestic hog production in thou-
sand metric tons, t4PH2 and t_,_,’PH”t are expected price of live hogs
in quarter t as viewed in quarter t-4 and t-8 in pta/kg., PCF, is
price of compound feed for hogs in pta/kg,? T, is a trend variable
representing technological change, and D,;, D, and Dy, are dummy
variables capturing seasonality in supply. Price variables are ex-
pressed in real terms. Values are expressed in 1989 pesetas by usi-
_ng,tpewgqpsumer'price indéx t1983=1.00) to transformrthe price ser-
ies. The sigﬁ; 65";;§ﬁx and ..gPH', are expected to be positive, and
the signs of PCF.,, and PCF,, are expected to be negative. The mo-
del deals with wholesale prices and quantities. Margins are not ex-
plained because there is no information aﬁailable at retail level.

The pork demand equation is specified as price dependent

because market equilibrium is attained by adjustment of price until

all pork produced is sold. This specification reflects the supply

% While compound feed is an important input in hog producticn,
PCF, , and PCF, s are not formally expressed in terms of expecta-
tions. This specification permits a tractable model under the ra-
tional and adaptive expectations mechanisms. Lagged compound feed
prices may be viewed as expected prices under the alternative me-
chanisms and procedures previously discussed.
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process where the quantity of pork meat available in a given period
of observation is almost completely predetermined by past decisions
and stocks are small, which primary determines the flow of pfoduct
through the marketing system. From a theoretical point of view,
price dependent demand equations are derived from the distance
function.3® In the pork demand equation, price is dependent on own
consumption, consumption of substitute commodities,? and income.

The demand equation is specified as:

[22]  PH, = by + b,QHCA, + b,QBCA, + b,0CCA, + b ICA, + b, D,,

+ bg D, + by Dy, + u,,
where PH, is price of live hogs in pta/kg. QHCA, is pork consumption
per capita, obtained dividing total hog availability (domestic sup-
ply plus net imports) by population, QBCA, is beef consumption per
capita and QCCA, is chicken consumption per capita; they are given
in kg./capita/quarter. ICA, is real income in 10° pta/capita/year
and D,,, D, and D;, are dummy variables capturing seascnality in

consumption. Price variables are expressed in real terms. The coe-

® The distance function d(u,q) is the inverse of the direct
utility function, where u is utility and g the consumption bundle.
d(u,q) is the quantity by which g should be divided in order to
reach utility u. The derivative of the distance function with
respect to q is the compensated inverse demand function which is
Price dependent. From this function, the uncompensated inverse
demand function can be obtained substituting u by g using the
direct utility function u=v(g). (Deaton et al., pp. 53-7).

' Fish consumption is important in the diet of Spanish
consumers and fish provides as a source of protein. However, lack
of data prevents the inclusion of fish in the pork demand equation.
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fficient b, is expected to be negative. The coefficients of substi-
tute commodities' quantities are expected to be negative, and the
income coefficient is expected to be positive as pork is presumed
to be a normal good.

The information to estimate the model is taken from various
Spanish sources. Quarterly data are used to estimate and simulate
the model coverin§ the period 1/1971 to 2/1990, a total of 78
observations. The series are obtained from the Boletin Mensual de
Estadistica Agraria published by the Spanish Ministry of Agricul-
ture (MAPA).* Income data series are obtained from the Boletin
Estadistico del Banco de Espafia published by the Central Bank and
monthly indexes of economic activity used to interpolate the yearly
income series are from Banco de Bilbao sources.’® Data on hog
imports and origins are available from the Anuario de Comercio
Exterior published by the Spanish Ministry of Economy and from the
Instituto de Comercio Exterior (ICEX).

Alternative expectations mechanisns, naive, polynomial distri-
buted lags, and adaptive and rational expectations, dre examined to
ascertain their relevance in modelling hog supply. In equation
[17], under naive expectations, the expected prices t-+PH', and __ PH"

t

are the prices prevailing in the previous fourth and eighth gquar-

2 In 1986, MAPA increased 1980 to 1985 production estimates

by 20 percent to correct previously published hog output figures.

- Here, hog production estimates from 1971 to 1979 also are increased

by 20 percent to achieve a more homogeneous data series.

3 The index of economic activity given by the Banco de Bilbao
was used to calculate income quarterly from the income per year

- variable using the activity index to adjust yearly income by

 quarters.
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ters. A more parsimonious naive sbecification with the ratio ocutput
to input prices also is estimated.

Several specifications of the polynomial lag, which specifies
expectations as a function of weighted past prices, are considered
in the analysis. Based on previous research considerations of the
production process (i.e. Caldentey and Titos), second and third
degree polynomial distributed lags are specified for hog and
compound feed prices with maximum lag t-13 and minimum lag t-2 in
both cases. However, other forms of the lag and lag lengths also
were examined (e.g. fourth degree polynomiais and lags beginning at
t-1 and ending at t-13, t-1 to t-14, and t-2 to t-14). Supply under

polynomial lags is given by:

[23] QH, = a;, + a; (w,PH , + W;PH, ; +...+ W, PH_..)
+ a, (V,PCF,, + V3PCF,_; +...+ V,,PCF, ;)

+ asg Tt + a, D1t + ag D?_t + a, D3t + u,,

with weights w, and v, following a polynomial of third degree,

[24)] W,

= ; : 2 3 ‘ 34
o2 = @y t ool + o05,1° + ag,d (1=0,1,2,...,11)

[25] Vig = @y + @pi + 0,12 + ag,id (i=0,1,2,...,11)%

As in the case of naive expectations, the polynomial distribu-

ted lags supply is re-specified in terms of the ratio output to in-

* i is defined from 0 to 11 because the lags considered are
from 2 to 13.
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put prices to reduce the complexity of the equation.
Adaptive expectations supply is obtained substituting,

(263 ., PH, = (1-e,) [PH_, + a, PH _, + a2 PH_,, +... ]

r ¢ 4 _ 2
(271  gPH, = (1-0,) [PH_; + @, PH,,  + o PH,,, +... ]

in [21] and applying the Koyck transformation twice in succession

(Kmenta, 1986, pg.531), which gives:
[28] QH, = Cy + ¢y QH, , + ¢, QH , + Cy QH, ,, + c, PH _, + c; PH g
+ ¢4 PH _, + c; PCF,, + Cq PCF,C_8 + cy PCF‘t_.[2 + Cy PCFt_16

t Cuy PCFigp *+ Cp Ty + C43 Dy + ¢y Dy + €y Dy + vy,

where:

*
Cy = ao(l—a1)(1—a2) = a, c, = a
c, = a, c; = -a,0,
¢, = a;(1-ay) C; = az(l-a,)
C, = —a1(J.—c:z.,)¢Jz2—a3(1—cnzz)oz1 c, = a,
Cg = a;-aa, Cy = —aa,ma e
Cip = 8,,0,-3,0, Ci = @0 ) oo
— * — *
Ciz © &g Ciz = 8
_ * _ *
Ciu = 8y Cis = 8
Ve T U -y U, - u oo u,

T, is a trend variable capturing technological change. No
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constraints are imposed on the coefficients of the constant term,
:trend and dummy variables, indicated by a star in the coefficients
é;of these variables: a;, a;, aj, a;, a,. Potential difficulties may
- appear in estimating equation [28]. While the identified constra-
iints will be used in estimating [28], collinearity among variables
-~ (output quantities and prices QH, . and PH,_ , or output and input
Fprices PH, , and PCF, ) is likely, autocorrelation which frequently
;appears in quarterly data may also make the results difficult to
interpret. To alleviate this problem, a more parsimonious adaptive
model with the ratio output to input prices also is estimated.
The model under the raticnal expectations assumption is
somewhat different than the model given by equation [20] because
the hog model has two price expectations (..;PH,, .4PH",) generated
at times t-4 and t-8. Also, the demand equation is not specified in
"per capita" terms to avoid further complexity with non-linearities

in equations [30] and [31]. That is, the demand equation is

specified as:

[221] PH, = b0 + bTQHt + bZQBt + bcht + b,.I(c + bS Dy,
+ by, D,, + b, Dy, + u,,
_ where QH,, QB,, QC,, and I, are not given in "per capita" terms as

- is the case in equation [22].

Hog price is obtained in terms of the other variables by eli-

:_minating QH, in the hog supply and demand equations [21] and [22']:
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* *

(29] PH, = b, + b, [a, + &, ,,PH", + a, PCF, , + a; , ,PH",

+ a, PCFt-a + ag Tt + a D1t + a, D,, + ag D3t + u,,d

+ b0 B, + b0C, + bI + by D, + b, D, + b, Dy + Uy,
From this equation, expressions for , ,PH', and , PH", can be
obtained in terms of the model parameters and the exogenous
variables. Substituting the expressions for t_,}PH”t and t-BPH*t in [21]
and [22], the reduced observable forms for the endogenous variables

QH, and PH, are:

[30] QH = d, +d, PCF, + d, PCF,, + d; T, + d, , OB,
tdy Q€ + 4, T+ d;, (GPCF , + dy 0B,
tdy gQC, + dyy T, + dyy D + dy, D,

+ d;z Dy +uy,

where:

&

d, = [agt(a;+az)b,] / (1-a,b,-azb,) = a, 4d,= a,(1l-azb,) / (1~a;b,—azb,)

a4, =a, / (1-a1b1-a3b1) d; = a; [/ (1—a1b1—a3b1)

4, = a;b, / (1-a,b,~a,b,) ds = a,b; / (1-a;by-asb,)

d, = a,b, / (1-a;b,~a;b,) d;, = a,azb, / (1-a,b,-a;b,)

dg = azb, / (1—a1b1-a.3b1) d, = azb; / (1-a,b,~a;h,)

dyy = azb, / (l-a,b,~a;b,) dyy = [ag+(aj+az)bs) / (1-a,b-azhb,) = a;

d;; = [a,+(a+a5)b,) / (1-a,b,~azb,) = a’

*

d13 = [a8+(a1+a3)b7] / (1-a1b1-a3b1) = a,
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(31] PHt =g + e PCFt_4 + e, PCFt_a + e ‘I‘t + e, QBt + e QCt

* *

* *
te Iy +e (OB, +e QC +e T, + e, oPCF

&

- ”*
t ey QB ey (gQC, t ey T, + e, D+ ey D,

t e Dy + e g, + Uy,

where:
e, = b, + b,d; = b; e, = b4, e, = b,d,
€; = byd; e, = b, € = b;
& = b, e, = b4, & = bydg
€ = byd, & = byd, e, = bydy
€, = bydg €3 = bydy, ey, = bytbid;, = by
e;5 = bgtb,dy, = by &g = bitbd;s = b, e, = b,

No constraints are imposed on the coefficients of the constant
term and dummy variables in equations [30] and [31] and that is
indicated with a star in the corresponding coefficient (a, a, a; a
in equation [30] and b, b; b, by in equation [31])

Expected values for the exogenous variables appear in the
reduced observable forms [30] and [31], as shown in section
3.3.1.2; expected exogenous variables are denoted by a star in
equations [30] and [31]. As noted in the discussion of estimation
procedures, auxiliary ARIMA specifications are needed to calculate
the expected values of exogenous variables. ARIMA specifications

for these variables are given in appendix II.

From a general perspective, the plausibility of rational
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expectations in explaining the hog market depends in part on the
make up of the industry. The rational expectations hypothesis may
be appropriate when a small number of firms produce a large
proportion of output, are vertically integrated, use sophisticated
. technologies and pay close attention to information from related
markets. However, the number of small producers in Spain makes the
underlying assumptions of the rational hypothesis somewhat tenuous.
Furthermore, the model's complexity and its heavy reliance on anci-
llary forecasts may make its usefulness questionable and results
may be difficult to assess. An additional drawback of this approach
is the potential estimation difficulties derived from collinearity
among variables and autocorrelation problems. If the ancillary
forecast are highly accurate, then ,,PCF*,, and PCF,, should be
highly related making estimation and interpretation difficult. As
in the case of adaptive expectations supply, estimation results may
be questionable.

Estimation of the adaptive and rational specifications is made
including the non-linear constraints in the estimated equations. A
non-linear maximum likelihood procedure which permits correction
for autocorrelation is used. In the case of the rational structure,
the observable quantity and price equations {30] and [31] are
estimated as a system.

The following section suggests several approaches for
determining the relevancy of the altefnative expectations in
representing the Spanish hog industry. Based on these findings, a

representative model is selected for policy analysis.
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3.5 Model estimation and validation

The relevancy of the different specifications is examined
performing statistical tests on the estimated parameters and
assessing the accuracy of forecasts. The model is then used to
assess the effects on the hog market of the entry into the EC by
simulation. This section explains the validation procedures used
and presents results of estimation and final specification. Policy
analysis based on simulation of the model follows in Chapter 4.

The selection of the expectation formation mechanism that
"best" explains the behavior of producers in the Spanish hog market
is the key specification issue. The usual parametric procedures to
check the significance of variables and the behavior of residuals
ére used.

As Sheffrin (1983) suggests, the test for the rational
expectations hypothesis can be performed using the overidentifying
; restrictions on the parameters estimates. This overidentifying
restrictions arise from the difference between the number of
variables in the equations and the number of parameters to estimate
(excluding the constant term parameters). The test is based on the
estimation of the parameters with and without the constraints which
will indicate if the rational hypothesis is valid, although the
test includes the maintained hypothesis that the model
specification is correct. A Wwald teét is computationally
advantageous since it only requires the unrestricted maximum

likelihood estimates avoiding the need of estimating the parameters
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- under the non-linear restrictions. However, in the case of non-
flinear restrictions the Wald statistic is not invariant to
~equivalent null hypotheses and the use of the 1likelihood ratioc or
iLagrange multiplier tests is more appropriate. The rational
:expectations hypothesis is tested here with a likelihood ratio
test.

Two additional procedures are used: non-nested and post-sample
predictive procedures. Non-nested tests are required because the
alternative specifications are not nested. Following Harvey (1989),
non-nested hypotheses testing can be based on a given criterion,
and that is called "discrimination", or it can be based on
embedding the alternative specifications in a general model.
"Discrimination" consists of choosing between various competing
models based on some appropriate performance measure such as the iz
or the value of the likelihood function corrected by a factor that
accounts for parsimony such as the Akaike Information Criterion
(AIC) or the Schwartz Criterion (SC).

An "embedding" procedure works embedding two or various
alternative hypotheses in a general model and then testing each
hypothesis as a restriction to the general model. Both "discrimi-
nation" and "embedding" procedures are used here. The discrimina-
tion criteria are ﬁz, AIC and SC. The AIC is defined by:

AIC = -2 log($§) + 2 k

and the SC is defined by:
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SC = -2 log($¥) + k log(n)

where k 1is the number of parameters and n the number of
observations. AIC is based on the minimization of the Kullback-
Leibler mean information (a generalization of the maximum
likelihood principle) and SC is based on Bayesian arguments. The
criteria are not asymptotically equivalent. Judge (1985) states
that the SC is a consistent estimation rule and the AIC is not,
however he indicates that the AIC is not useless because it has in
some cases optimality properties.

Two embedding procedures, the J-test and C-test also are
examined. The J-test measures the explanation added to a given
model augmented by a variable whose values are the predictions from
a competing model. Specifically the J-test examines the null
hypothesis H;: y,=x.B+¢,; against the alternative H,: y,=2,y+e,; where
Y; is the endogenous variable and ¥X;, 2; are the exogenous
variables. The regression yi=(1—a)xiB+azi{v+ei, where ¥ is the maximum
likelihood estimate of y, is used to test if o is zero, because if

Hy is true then the true value of a is zero (Davidson and

0
MacKinnon, 1981). Several alternatives can be tested at once
provided that the regression includes several terms of the form
@2y ¥+ 2y ¥,+e .., instead of the term az.¥ (But in this case
collinearity may make the results irrelevant). The C-test is a
variation of the J-test when H;, is non-linear. The C-test checks
the truth of H; estimating the regression y;=(1-a)xB+ez y+e..

Because of the resulting t-statistic for a has a smaller asymptotic
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size than its nominal size, the C-test provides a sufficiently good
approximation to reject H, (Davidson and MacKinnon, 1981; p. 783).

The test procedures described so far are designed to choose an
appropriate model from the data and the model is subsequently
estimated using the same data set. As Harvey (1990) indicates, the
adequacy of the estimated model may then only be assessed by its
ability to make predictions outside the sample data set. It is
important to perform post-sample prediction tests to compare the
relative accuracy of the competing models. The post-sample
prediction procedures implemented are based on the mean square
error (MSE}, the mean percentage error (absolute [MAPE], and square
[MSPE]), and turning points. The mean square error and similar
measures do not have, as Harvey indicates, the drawbacks of other
tests requiring the estimation of the error variance. The mean
square error, the mean percentage error (absolute and square), and
turning point procedures are calculated using the forecasts of the
model under the various alternative expectations mechanisms. The
calculated forecasts are out of sample because they: are obtained
without including any new information on both endogenous and
exogenous variables, so that predicted values of the exogenous
variables are used in the prediction period. The prediction period
is three years (1983-85), and each specification is estimated with
observations previous to the prediction period (1971-82). The
models are then ranked according to these procedures and compared

in order to select a final specification.
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3.5.1 Estimation results

The equations have been estimated with quarterly data for the
period 2/74-4/82. The data from 1/71 to 1/74 being used to provide
data for the lagged variables in the equations. Autocorrelation has
been detected in all equations ([32] to {39]) and has been
corrected using a maximum likelihood procedure, calculating p by a
grid search. Standard errors are given in parenthesis.® The
smaller the AIC and SC statistics, clearly, the better the

specification.

3.5.1.1 Naive supply

The naive formulation is a special case of the supply equation

[21] in which expected price is specified by a lagged price. These
expectations can be viewed as either on hog and compound feed or

just on hog price. Again, note that trend and dummy variables are

included to estimate the effects of technology and seasonality in
hog supply, respectively.

The results of estimating the naive supply equation are:

[32) QH, = 497.30 +0.09 PH,, -1.10 PCF,, -0.09 PH,,
' €0.13) (0.64) (0.12)

* A star (*) indicates that the coefficient is significant at
a 5 percent level. Two stars (**) indicate it is significant at a
0.5 percent level (One tailed test, presuming that the variabile
sign is correct).
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-2.80 PCF, 4 +1.17 T, -9.46 D, -58.21 D, -75.07 Dy,

(0.66)™" €1.36) (5.29)" (5.21)™" 460y
Sum of
elasticities p=0.37
PH -0.01 ¢0.16)

PCF -0.96

R’=0.96 DW=1.93 ATC=289.46 SC=305.01

All variables have the expected sign except PH but hog

t-8
prices and trend are not significant. Some collinearity between
PH, g and T,, (condition number 202.54, condition index 14.23)3 and
between PH _, and PCF,, (condition number 63.31, condition index
7.96) is detected which may explain the fact that T, and the hog
price variables are barely significant.

The sum of elasticities for PH is negative, suggesting that
even if the other measures indicate that this is a good specifica-
tion, its use for structural analysis is limited. Supply would move
in the wrong direction with changes in prices which could lead to
misleading results in simulation when calculating surplus.

The dummy variables are significant and similar in size to
those estimated in previous research (Caldentey and Titos, 1979).
They identify a seasonal expansion in supply during fall and winter
and its reduction during spring and summer.

The presence of collinearity in equation [32] gives rise to

estimating the eguation in ratios as a method to reduce its effect;

% Belsley et al (1980) indicate as a rule of thumb that a
condition index greater than 30 denotes strong collinearity.
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the number of coefficients to estimate is reduced allowing for a
more parsimonious specification. However, this assumes that the
elasticities for an increase in price are the same as for a
decrease in compound feed price. The results of estimation using

the ratio output to input price [PH/PCF] are:

[33] QH, = 29.98 +10.99 [PH/PCF],, +13.32 [PH/PCF],,
(6.79) (6.05)"

+4.69 T, -16.42 D,, -57.11 D,, -73.66 D,

€0.70)™" %75 4.78y"" 4.07""
Sum of
elasticities p = 0.7§*
[PH/PCF] 0.47 .11

R?>=0.95 DW=2.17 AIC=292.24 SC=304.68

These results suggest that the reduction in multicollinearity
improves the significance of variables (smaller standard errors
relative to the coefficients for the estimated pPrice and trend
variables) and the correspondence of signs with expectations.
However, there is a trade-off between the increased precision and
the reduction in the goodness of fit measures (éz and AIC but ScC
improves). The calculated elasticity, €=0.47, is somewhat smaller
in magnitude than the elasticity calculated by Caldentey and Titos
(1979) who obtain elasticities in the range 0.60 (partial

adjustment) to 1.40 (polynomial) for the price ratio specification.
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3.5.1.2 Polynomial supply

The polynomial formulation {equation [23]) assumes that expec-
ted prices are a function of lagged prices and that the weights of
prices in production decisions follow an inverted V. In this formu-
lation, individuals respond to expected prices for both hogs and
compound feed. This procedure previously was used by Caldentey and
Titos (1979).

The final specification of the polynomial supply is the result
of some experimentation with the degree of the polynomial and the
lag structure. This experimentation concentrated on second and
third degree polynomials, with lag lengths close-by to t-2 to t-13.
The rationale for these structures stems from previous findings and
the possibility of having two decision points in supply response at
t-4 and t-8 which could be captured by the third degree polynomial.
Statistical performance measures (ﬁz, AIC, DW,...) were used to
identify the most likely specifications. Where small differences in
these measures existed, more weight was placed in the reasonable-
ness of the results in terms of variable signs, size of variable
coefficients and size of elasticities.

Little variation in the éz exists when different lag lengths
are considered (t-2 to t-13 versus t-2 to t-14, t-1 to t-13 and t-1
to t-14) or when the degree of the polynomial is 2 or 3. High-order
polynomials (5 and up) give rise eventually to wrong signs in the
coefficients. Although different lag lengths were considered for

output and input prices (such t-2 to t-13 for output and t-3 to
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t-14 for input prices), higher statistical measures are found when
both output and input prices had the same lag length. With specifi-
cations of second and third degree, larger than t-2 to t-13 lag
lengths yielded consistently inferior results, specially if the lag
t-1 was included. While the elasticities varied for particular spe-
cifications, in general the sum of elasticities is around 0.7-1.0
for the lagged hog price variables and around negative 0.5-0.7 for
the lagged feed price variables.
The final specification selected was a third degree polynomial

with lag structures beginning at t-2 and ending at t-13. The sup-

ply estimated is:

[34] QHt = =-0.08 +0. 05 PH -2 +0. 09 PH +0. 11 PH - +0. 12 PH
0.0n"" (0.02)"" (0.03)"" (0.03)""
+0.12 PH _, +0. 11 PH,_, +0. 09 PH _, +0. 08 PH,_, +0.06 PH,
(0.03)"" 0.05"" ¢0.03"" ¢0.02)™" (0.02""
+0.04 PH_, +0.02 PH,_,, +0.01 PH_,; -0.02 PCF,,
€0.02) (0.03) (0.05) €0.05)
-0.07 PCFP =-0. 13 PCF -0, 20 PCF -0. 26 PCF
(0.05) (0.06)" €0.08)" 0.1h"
-0. 32 PCF -0. 37 PCF -0. 39 PCF -0. 39 PCF -10
€0.14)" 0.16)" (0.18)" (0.18)"
-0. 36 PCF -0. 29 PCF -0. 17 PCF .13 +6. 53 T
.17 0.14)" (0.08)" €0.36)""
-10.65 D, -57. 59 D, -73. 51 Dj,
h.6n" (5.16)"" 4.43)"
Sum of lagged Sum of Mean
coefficients elasticities lag p 0.62
PH 0.91¢.25)"" 1.02 6.34 0.13)"*
PCF -2.97¢1.25)" -0.73 8.61
R’>=0.95 DW=2.06 AIC=304.76 SC=326.53
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In equation {34] the hog price elasticity is larger than the

 feed price elasticity as might be expected. Also, producers appear
“to respond more rapidly to own prices than input prices as the mean
11ags for PH and PCF indicate. The own price elasticity is
considerably different from naive specification but the input price
‘elasticity is similar to the naive.

A similar search procedure was used for the ratio formulation
and a third-order polynomial with length spanning from 2 to 13 lags
yielded the best results. The results for the ratio formulation

are:

[35] QH, = -2.81 +2.03 [PH/PCF],, +3.37 [PH/PCF],; +4.12 [PH/PCF]_,
(0.80)" a.2n” (1. 32)

+4.38 [PH/PCF],; +4.23 [PH/PCF], . +3.78 [PH/PCF],,
(an™ c0.8n** (0.54)"*

+3.12 [PH/PCF],g +2.34 [PH/PCF],, +1.53 [PH/PCF],.,,
(0.50) (0. 80) (1.10)

+0.80 [PH/PCF],, +0.24 [PH/PCF]_,, -0.06 [PH/PCF], .,

(1.26) (.17 (0.78)
+4. 82 'I‘ -10.86 D1t -58. 34 D -73. 90 Ds,
(0.58)" .30 %.9m™* (4.209"*
Sum of lagged Sum of Mean
coefficients elasticities lag p = 0.74
. [PH/PCF] 29.90 0.58 5.91 R
(3.99)

i?=0.95 DW=2.18 AIC=297.84 SC=313.39

As in the previous equation, the results are not very sensiti-
. Ve to the exact specification (second versus third order and some-

~what similar lag lengths). The estimated elasticities ranged from
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0.40 to 0.60. The sum of elasticities is larger but similar to the
naive formulation in ratio form. Also, worth noting is that the
mean lag is about half way between the two decision points identi-
fied in the earlier part of the work. All coefficients have the

correct signs except [PH/PCF],,;, which is not significant.
3.5.1.3 Adaptive supply

Adaptive expectations is formulated in two ways because of the
difficulty in assuming expectations in both input and output prices
séparateiy. First, adaptive expectations are assumed only on the
hog price. Second, an adaptive expectations formulation is assumed
on the ratio of hog to feed price. Under adaptive expectations
(equation [28]) both formulations imply non-linear constraints in
the coefficients and are estimated using a maximum likelihood non-
linear procedure. Estimation of equation [28] under the coeffi-

cients' non-linear constraints yields:3

(36] QH, = 434.99 +0.30 , PH; -2.20 PCF,, +0.03, ;PH;
(0. 14) (0. 64) €0.08)

-1. 23 PCF, 5 -6.82 T, -18, 8> Dy, =86.77 D, -111. 66 Dy
(0.58)" (7.05) .16 16.02)"" (20.58)™"

@, = -0.03
{0.15)

7 The autocorrelation coefficient calculated in estimating
equation [28] is p = 1.03 with an standard error of 0.02 (51gn1f1-
cant at 0.5 percent level). Note that the value of p is inappro-
priate (i.e. explosive perturbatlon term).
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@, = -0.46
(0.13

R’=0.96 DW=2.49 AIC=291.24 SC=309.90

The results are similar to the naive formulation - coeffi-

- cients with limited significance, high degree of explanatory power
fand a trend variable that is not significant and even negative. A
problem with this specification is that the signs of «, and a,, the
_parameters in the adaptive expectations formation formulas [26] and
[27], are negative. In order for the adaptive hypothesis to hold
these parameters should be positive. This indicates either the
adaptive expectations formulation is inappropriate here or perhaps
that there exists estimation problems due to the high number of
collinear explanatory variables. Collinearity was checked and
detected among variables QH _,, QH, ,, and PCF _,. (Condition number
3,981 and condition index 63).

A likelihocod ratio test was performed to assess if the adap-
tive hypothesis was appropriate. The test which determines whether
the non-linear restrictions introduced by adaptive-expectations
hold,® rejects the adaptive expectations formulation (The
lm=45.90 and xfhm%=19.68). The empirical evidence here suggests
that equation [28] under the adaptive constraints may be inappro-

priate.

% The null hypothesis in the likelihood ratio test is that the
non-linear hypothesis hold and the alternative is that they do not
hold. The likelihood functions of estimating equation [28] under
the null and alternative hypothesis are calculated and from this
the value of A, is obtained.
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The second specification of the adaptive expectation model

(equation [28] in price ratio terms with the non-linear constra-

ints) provides somewhat mixed results;:3

[37] QH, = 27.52 +14.36,_,[PH/PCF]} +1.60, o[ PH/PCF]}
(11.50) (4.38)

+5.67 T, -14.71 D, ~60.28 D, =-73.35 D,

(1.09)"* (4.55)"" (13.85)"" (17.51)""
a, = 0.22
€0.18)
@, = -0.28

(0.19)

R?=0.97 DwW=2.14 AIC=275.48 SC=291.03

The ﬁz is high and the signs of the variables in the supply
equation are correct but variables are not significant. Some colli-
nearity is detected between variables QH, 4o, T;, D, and Dy (conditi-
on number 357, condition index 18.9) and between var'iables‘QHt_,8 and
[PH/PCF], , (condition number 125, condition index 11.2). As in the
previous specification, the adaptive hypothesis was assessed with
a likelihood ratio test. The non-linear restrictions imposed by the
adaptive hypothesis are accepted. (The lm=7.34 and xgmiﬁ=12.95).
However, note that the lack of significance of the variables and
the fact that the sign of @, is negative gives thus contradictory

empirical evidence for the adaptive hypothesis in this case.

* The autocorrelation coefficient calculated in estimating
equation [28] in price ratio terms is p = 0.51 with an standard
error of 0.13 (significant at 0.5 percent level).
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3.5.1.4 Demand

The demand equation corresponding to the naive, polynomial,
and adaptive supply specifications is given by equation [22], with
gquantities in per capita terms and price and income deflated. The

results of estimation are:

[38] PH= 417.38 -12.03 QHCA, -13.34 QBCA, -7.37 QCCA, +3.61 ICA,
6.21)" (20.40) (11.04) (11.32)

+4.33 D,, -26.51 D, -22.45 Dy,

(11.38) 13.75)" (12.85)"
Flexibilities
QHCA -0.30
QBCA -0.14 p = 0.92
QCCA -0.13 0.0m™"
ICA 0.10

R?>=0.91 DW=1.69 AIC=303.50 5C=317.50

The coefficients of the variables have expected signs and the
coefficient of determination is high, although t-values are low for
variables QBCA,, QCCA, and ICA,. Collinearity was examined but not
detected to any degree. Flexibilities are rather low with a large
implied own-price elasticity of 3. Interestingly, this is similar
in size to the elasticity found by Soria et al. (1976). Seasonality
in demand is captured by D,, and D;, which indicate that demand in

late spring and summer tapers off.
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3.5.1.5 Rational specification

The rational expectaﬁions specification is given by equations
[30] and ([31] subject to the non-~linear constraints in the
coefficients. This specification is derived from equation [21] and
[22'] when the rational expectations formation mechanism is
assumed. The specification assumes only expectations in hog prices
because of the complication in assuming expectations in both input
and output prices. The specification uses total quantities and
income in demand instead of per capita data to avoid further
complexity with non-linearities in equations [30] and [31].

Estimation of equations [30] and [31] with the constraints is
performed using a system SURE non-linear maximum likelihood
procedure which can correct for autocorrelation. The exogenous
variables forecasts (, ,PCF,,, ,.,0B",, 9B, 4QC s 09C",, I, and
t_th"t) needed to estimate equations [30] and [31] are obtained from
ancillary ARIMA models. These auxiliary ARIMA specifications are
given by:* 0B - ARIMA(3,0,0)%(1,0,0),; QC~- ARIMA(1,0,0); I,-
ARTMA(4,0,1); PCF,,- ARIMA(1,0,0). (See appendix II for more

detail). The results of estimation are:%

“ In an ARIMA(p,d,q), p is the order of the autoregressive
part, 4 is the order of differencing, and g is the order of the
moving average part. An ARIMA(p,d,q)x(P,D,Q). is a multiplicative
seasonal ARIMA where s is the seasonal perioé.

“! The autocorrelation coefficient obtained in estimating
equation [30] is p = 0.20 with an standard error of 0.13 (signifi-
cant at 0.5 percent level). The autocorrelation coefficient for
equation [31] is p = 0.87 with an standard error of 0.07 (signifi-
cant at 0.5 percent level).
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: _ * , *
[39] QH, = 423.22 -25.82  PH; -0.06 PCF,, +26.71 _PH:
: 6.16)" ¢0.02) (6.09)

=6.13 PCF, ; +4.10 T, -9.76 D, -61.18 D, -74. 91 D;,
0. 65) (1. 27) (3. 93) (4. 02) (3. 52)
R?=0.98 DW=1.82
[40] PH,= 145.99 -1.03 QH, -0.04 QB, -0.01 QC, +0.01 I,
(0. 17) (0.04) (0.02) 0.02)
+9.96 D, -4.22 D, +1.47 Dy,
(3. 83) (&,22) (3.74)

R?=0.96 DW=1.72

System AIC=550.92 System SC=580.47

The search procedure for finding a global maximum was rather
extensive, using as starting points variations on the naive supply
estimates and demand estimates for the a's and b's in egquations
[21] and [22']). Both equations have a high coefficient of de-
termination and correct signs, except for t_,,}PH:’ in the supply
equation. However, the empirical evidence suggests that this spe-
cification may be inappropriate. The size of the coefficients of
variables , ,PH, and ,,PH; in equation [38] is excessively large
compared with other specifications. Furthermore, variable t_,'PI-I: is
significant and has the wrong sign. Also, the only economic varia-
ble that is significant in the demand equation is QH, which is the
only economic variable that enters significantly in the single

demand eguation.

In part, these poor results can be explained by the presence




87
of severe collinearity between variables PCF,, and t,SPC'F'"t_4
(condition number 2.54¢10° condition index 1595), and between
variables T, and paQC: (condition number 1642, condition index 40).
Less severe collinearity also exists among other variables as well.
The consequences are that small changes in the starting points for
the non-linear estimation procedure imply large changes in the
final coefficients. Also, small changes in the specification of the
ancillary ARIMA models for the exogenous variables imply large
changes in the estimated coefficients. For example, some prelimina-
ry estimation was done using less accurate predictions for QB from
an ARIMA(4,0,1) and the estimated coefficients for , PH, and , .PH;
were 0.52 and 0.10, instead of the final -25.82 and 26.71, which
are more similar to other specifications. Note that improving the
forecasts of QB or of any.exogenous variable means higher colli-
nearity and increasing difficulties in obtaining precise esti-
mates. 4

The hypothesis testing on the overidentifying restrictions of
the rational hypothesis was assessed by a likelihood ratio test.
Surprisingly the results do not reject the rational hypothesis (The
A ,=13.38 and xéﬁhm=35.2). However, because of previously discussed

problems with the precision of the estimates, the test is not very

compelling.

4 Tt is clear that under these circumstances the rational
expectations specification must be viewed with caution.
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3.5.2 Validation

The selection process to choose an expectations mechanism that
explains best the behavior of producers in the Spanish hog market
is performed by steps. First, the usual statistical tests and
checks (significance, signs, size of coefficients) are examined.
Given that the model will be used to calculate welfare measures,
specifications with incorrect signs are largely discounted. Then
the non-nested and post-sample predictive procedures are implemen-
ted and the models compared. Finally an overall assessment is per-
formed and a final model selected.

Severe collinearity, and the corresponding lack of significan-
ce and wrong variables' signs make the use of the adaptive supply
equation [36] and rational equations [38] and [39] questionable.
For the naive and adaptive supply equations {32] and [37], the lack
of significance in the variables and wrong signs in variables also
make their use questionable. Only the naive-ratio and polynomial
supply specifications provide significant findings with expected
signs,

Examining table 13, the ﬁz's for the different supply speci-

fications are very close, varying from 0.95 (naive-ratio, po-

; lynomial, polynomial-ratio) to 0.97 (adaptive-ratio). The rankings

of the different specifications by AIC and SC are quite similar to

- the R? rankings except in the case of the naive-ratio supply, a
. parsimonious specification with a few number of parameters. The DW

~ test shows some autocorrelation in the adaptive supply equation




Table 13 Selected statistical tests on the
different specifications

R? AIC sc DW
SUPPLY
Naive 0.96 289.46 305.01 1.93
Naive-ratio 0.95 292,24 304.68 2.17
Polynomial 0.95 304.76 326.53 2.06
Polynomial-
ratio 0.95 297.84 313.39 2.18
Adaptive 0.96 291,24 309.90 2,49
Adaptive-
ratio 0.97 275.48 291.03 2.14
DEMAND
0.91 303.50 317.50 1.69
R? AIC sc ‘DW
Rational 550.92 580.47
Quantity 0.96 1.82
Price 0.92 1.72
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;[36], in the demand equation (37}, and in the rational price
~equation [39].

In addition, while the discrimination procedures for selecting
a specification are presented in table 13 (ﬁz,.AIC, SC), two em-
bedding procedures, the J-test and C-test also are examined in
tables 14 and 15. An embedding procedure combines two alternative
hypothesis in a general model and tests each hypothesis as a res-
triction to the general model. The J-test is used when the null
hypothesis is linear, and the C~test is a variation of the J-test
when the null hypothesis is non-linear. In table 14 the adaptive
and rational models have been estimated without the non-linear
constraints on the coefficients and the J-test is used. In table 15
~ the adaptive and rational models have been estimated with the non-
linear constraints on the coefficients and the C-test is used.

Tables 14 and 15 present the results from the J-tests and C-
tests. The tests indicate that the naive, adaptive, adaptive-ratio
and rational specifications are superior to naive-ratio, polynomial
and polynomial-ratio specifications, because the numbers appearing
in columns under H,, H;, H, and H, are, in general, larger than those
appearing in columns under H,, H;, and H,. This outcome is similar
to the information given by the R? statistic.

The out-of-sample forecast performance for each specification
for the period 1/83 to 4/85 is given in figures 7 and 8, and in
table 16. The values for the exogenous variables used to calculate
these predictions were generated from ARIMA specifications. Results

from the adaptive specification (equation [36]) are flawed and are
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Table 14 J-test for the alternative
expectations mechanisms

Supply. Pairwise tests for H, to H,.

Alternative Hypothesis.

H1 H2 H3 H4 HS H6 H7
Tested H1 ~135 1.10 1.18 1.13 4.15 1.87 3.15
Hypothesis
H2 4.69 ~138 3.55 3.56 7.16 4.53 5.99
H3 2.55 3.29 -138 3.17 7.78 4.33 6.78
H4 4.85 3.69 3.58 -139 7.37 4.65 5.54
HS 1.51 0.73 1.33 1.25 -127 1.49 1.75
e 4.26 3.38 3.71 3.60 6.14 =135 2.03
H7 1.70 1.24 1.61 1.69 4.66 1.63 -2686
Demand. Pairwise tests for non-rational (not H.)
versus rational (H,) specifications.
Alternative Hypothesis.
Not H7 H7
Tested Not H7 ~-143 0.96
Hypothesis
H7? 2.42 =266
H,;: naive. H,: naive-~ratio.
H.: polynomial H,: polynomial-ratio.
H.: adaptive. H,: adaptive-ratio.

H: rational.

Diagonal entries show the logarithm of the 1likelihood
function. Logarithm of the likelihood function for the system in
the rational hypothesis.



mechanisms when some supply equatlons are estimated
by non-linear regression

Supply. Pairwise tests for H, to H..

Alternative Hypothesis.

J-test
Hi H2 H3 H4 H5 H6 H7
Tested H1 =135 1.10 1.18 1.13 2.02 1.70 2.23
Hypothesis
H2 4.69 =138 3.55 3.56 4.53 4.23 5.13
H3 2.55 3.29 =138 3.17 4.68 4.33 3.24
H4 4.85 3.69 3.58 ~-139 4.71 4.61 4.89
C-test
H5 3.43 1.85 2.11 1.79 =134 3.71 4.79
H6 | 1.72 | 0.26 [(-.62)|(-.40)| 0.87 | -128 | 2.73
H7 0.56 0.74 0.25 0.67 1.851 1.56 =259

Demand. Pairwise tests for non-rational (not H,)
versus rational (H;) specifications.

Alternative Hypothesis.

Not H7 H7
Tested Not H7? -143 8.76 (J-test)
Hypothesis
H7 6.99 -259 (C-test)
H,: naive. H,: naive-ratio.
H.: polynomial H,: polynomial~ratio.
H.: adaptive. H,: adaptive-ratio.

H.,: rational.

Diagonal entries show the logarithm of the 1likelihood
function. Logarithm of the likelihood function for the system in
the rational hypothesis.

Table 15 J-test and C-test for the alternative expectatlons“”ﬂ'



Hog Quantity Predictions
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Figure 7 Out-of-sample hog guantity predictions by
specification

Hog Price Predictions.
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Figure 8 Out-of-sample hog price predictions by
specification
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not presented in the figures (because of the wrong signs in @, and
a,, the parameters in the adaptive expectations formation formulas,
the dynamic behavior of the specification is defective). Price
forecasts from the rational specification are presented although
they fall short of other specifications' forecasts.

The turning point forecasting ability of the different speci-
fications is similar as demonstrated in figures 7 and 8.% The 5
turning points in supply are captured by all specifications. For
the 3 turning points in hog prices, 2 are captured by all specifi-
cations, but all specifications predict 6 turning points that do
not occur.

Table 16 presents prediction measures. Ranking of the models
by the root mean square percentage error (RMSPE) suggests that the
best hog quantity forecasts are from the naive and rational speci-
fications and the worst come from the polynomial, adaptive-ratio,
naive-ratio and polynomial-ratio specifications. The best hog price
forecasts are associated with the polynomial, polynomial-ratio and
adaptive-ratio specifications and the worst with ‘the rational,
naive and naive-ratio. These prediction results indicate that the
adaptive and rational specifications should be eliminated.

For the remaining specifications (naive, naive-ratio, polyno-
mial, polynomial-ratio and adaptive-ratio) problems with collinea-
rity, lack of significance and wrong signs make questionable the

use of the naive and adaptive-ratio specifications. They also per-

“> Here, a turning point is defined as a change in the movement
of the series from increasing to decreasing or from decreasing to
increasing.



Table 16 Out-of-sample prediction measures: mean square
error, root mean square error, mean absolute percentage

error and root mean sguare percentage error

Quantity.

Naive Naive- Polynom. Polynom. Adaptive Rational
ratio ratio ratio
MSé 125.8 609.5 1732.4 1252.5 1595.3 225,17
RMSE 11.2 26.3 41.6 35.4 39.4 15.0
MAPE 2.4 6.5 10.4 9.3 10.5 3.4
RMSPE 3.2 7.7 12.1 10.3 11.6 4.4
Price.
Naive Naive- Polynom. Polynom. Adaptive:Ratiocnal
ratio ratio ratio
MSE 503.0 302.3 252.,0 266.4 273.0 1355.7
RMSE 22.4 17.4 15.9 16.3 16.5 36.8
MAPE 8.8 7.0 6.5 6.6 6.8 14.6
RMSPE 11.1 8.4 7.5 7.8 7.8 16.2
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form somewhat poorly in prediction (naive in price and adaptive-
ratio in quantity). Therefore, these specifications also are elimi-
nated.

Between the naive-ratio, polynomial and polynomial-ratio
specifications, the selection tests indicate that in terms of AIC
and SC, the naive-ratio specification is best, but it is impossible
to differentiate between the three specifications in terms of the
J-tests.

Out-of-sample gquantity forecasts favors naive-ratio over
polynomial-ratio and polynomial, but overprediction by polynomial
and polynomial-ratio may be explained in part by the fact that
actual input prices went up sharply during mid-1983 and 1984 which
may have caused a reduction in the growth of hog production. Out-
of-sample price forecasts favors polynomial over polynomial-ratio
and naive-ratio, although this may not be too important because all
these specifications basically use the same demand function.

In light of the test results there is little to choose between
these last three specifications. The polynomial supply is selected
because it permits more flexibility in specifying the supply elas-
ticities; the output and input price elasticities do not have to be
equal and opposite. Also, the polynomial supply elasticities are
more similar to elasticities found in previous studies.

For purposes of the simulation an attempt to correct the
overprediction of polynomial supply is made. The growth in supply
resulting from technological change has been leveling off in recent

Years as the prediction results confirm (See figure 1, page 11).
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Hence, the polynomial equation is re-estimated with T and T?

through 4/85, yielding the following results:

[41) QH, = -0.07 +0.05 PH,, +0.09 PH, 5 +0. 11 PH,_, +0.12 PH_
0.0 0.02)"" .03y (0.03)™"

+0.12 PH _, +0.11 PH,, +0.09 PH_, +0.07 PH,_, +0.05 PH,
(0. 03) (c. 03) €0. 03) ¢0.02)** ¢0.02)"™"

+0.03 PH, ,, +0.02 PH,_,, +0.01 PH,_,; -0.02 PCF,,
(0.02) €0.03> ¢0.05) (06.05)

=-0.07 PCF, ; -0. 13 PCF._, —0O. 19 PCF, ; -0. 26 PCF,.
(0.05) (0. 06) ¢0.09)" (0. 12)

-0. 31 PCF, ., —-0. 36 PCF, g —-0. 38 PCF, o, -0. 38 PCF,.
0.15)" 0. n" 0.19" (0.19)"

-0.35 PCF ,, —0.28 PCF,,, —0.16 PCF, ,; +7.60 T,
¢0.18)" 0.14)" (0.09)" .76

—003T2—1280D -59.26 D, -73.95 Dy

€0.063) (3.65)"" 4. 12" (3.55)"
Sum of lagged Sum of Mean
coefficients elasticities lag p =0.72
PH 0.88¢0.2n)"" 0.78 6.33 €0,10y™"
PCF -2.901.35" -0.62 8.60

R’=0.96 DW=2.08 AIC=399.02 SC=426.77

In general the results are similar to equation [34] with the
term in T? showing the correct sign. The supply elasticities
decline marginally but are close to the findings of previous
research (Caldentey and Titos, 1979). Examination of the residuals
for the polynomial specification estimated through 1985/4 showed no
signs of overprediction in the last years.

In the next chapter, simulation is performed with the
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polynomial supply and the demand equation. Demand is re-estimated

with data from 1/71 to 4/85 and the results are:

[42] PH= 445.26 -16.32 QHCA, -9.45 QBCA, -13.79 QCCA, +7.63 ICA,

(4.64)"" (14.67) (6.88)" (6.96)
-1.96 D, -42.69 D, -37.04 Dy
(7.98) (11.10) €10.74)
Flexibilities
QHCA -0.39
QBCA -0.09 p=0.85
QCCA -0.22 0.om”*
ICA 0.20

R’=0.94 DW=1.49 AIC=520.48 S5C=539.33

As the number of observations increases, the significance of
variables in the demand equation improves and the values of flexi-
bilities become more plausible. Note also the value of the DW test
declining from 1.69 to 1.49 but remaining in the inconclusive

region.
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CHAPTER IV USE OF THE MODEL FOR POLICY ANALYSIS

The effects on the hog market of the Spain's accession into

~ the European Community are analyzed using the estimated hog model
(equations ([40] and [41]). The model is designed to include the
essential features of the Spanish hog sector: dynamic and
production characteristics of the hog sector as well as output and
input prices. The model can be used to simulate the evolution of
the hog market without integration. The effects of entry are
determined comparing the evolution of the hog market with and
without integration into the European Community for the period 1986
to 1990, and welfare measures are calculated. Structural change
caused by the entry into the EC may affect the simulation results
and surplus measures. Potential structural change is checked by
examining if the model simulates properly the historical scenario

(entry scenario) and further evidence of structural change may then

be draw from usual tests for structural change.

4.1 Welfare analvysis

Welfare analysis is performed distinguishing two groups of
market participants, hog producers and hog consumers. The welfare
gains and losses accruing to these two groups are calculated using

economic surplus measures. Economic surplus is given by the change
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'in the areas under the demand curve and above the supply curve for
.each scenario (See figure 9 in page 103).%

. Demand is estimated at the wholesale level (live hog prices
and carcass quantities) because no data are available at the final
consumption level. Surplus measured along the wholesale demand is
equal to final demand surplus under two conditions: when there are
fixed proportions between marketing inputs and farm products and
when marketing inputs are available at given prices (earn no
rents).”> The surplus measure presented here is used as an
approximation and is most correct when these two conditions are
met.

In the present analysis the surplus measure will indicate to
what degree consumers and producers in the hog market are affected.
This should provide the Spanish government and market participants
with useful information to assess the effects of the enlargement on
the groups associated with the sector.

Gains and losses are measured using the model estimated with

“ Both Deaton et al. (1980) and Just et al. (1982) indicate
the problems arising from the use of producer and consumer surplus.
The correct procedure is to employ the concepts of compensated va-
riation or equivalent variation. Consumer surplus derived from Mar-
shallian demand curves is only valid when preferences are homothe-
tic, however since compensated and equivalent variation are diffi-
cult to determine, a solution is to use the Willig (1976) result
that when income elasticity and relative change in surplus to total
income are small, then consumer surplus is a good approximation to
measure welfare (this is the case here because income elasticity is
less than 0.5 and the calculated change in consumer surplus to to-
tal income is roughly below 1.2 percent). Note also that, as Just
el al. indicate, the estimation error often has a larger magnitude
than the error derived from using consumer and producer surplus.

“ See Gardiner, 1990, pp. 223-37 , and Just et al., 1982, p.
44'7-
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observations up to 4/85, just before accession, for a four-year ho-
rizon, and the possibility of structural change in the model after
1986 is explored. Two scenarios are compared: Spain not joining the
EC, and Spain joining the EC and welfare measures are derived from
prices and quantities under both scenarios. Trade occurs only in
the case of accession and it enters into the simulation through the
identity: consumption = net imports + domestic production. In both
scenarios, variables T and T? take the corresponding next values
and dummy variables take the values corresponding to the season.

The non-accession scenario of price and quantity is simulated
based on the following premises: the exogenous variable compound
feed (input) price is calculated for non-accession levels and the
‘rest of the exogenous variables, beef and chicken quantities and
income, are specified at their actual level during the simulation
period.* The evolution of the compound feed price is an important
factor to consider in the non-accession scenario. A suitable proce-
dure to ascertain its evolution would be to use least-cost ratio-
3 ning formulation. The steps would be, first determine the ingre-
dient prices for the non-accession scenario (e.g. world market
prices for corn), second calculate the least-cost ration, and
finally obtaih a shadow price corresponding to this least cost. The
series of this constructed price would be used as the non-accession
scenario path of compound feed price. However, the work done along

these lines indicates that information on least-cost formulation is

% The use of actual as opposed to forecasted values is done
to reduce the effects of their forecast errors in the analysis.
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‘almost impossible to obtain (both at the aggregate and micro le-
‘vels). Also, it is not clear that this least-cost rationing appro-
yimates well the behavior of compound feed firms which incorporate
?financial goals as well as the least cost mix.

An alternative would be to use barley price as a proxy (before
accession, hog compound feed absorbed 80 percent of the large
domestic barley production; Buxadé, 1988). However, since there
have been large changes in ingredient utilization recently, it is
judged preferable to make assumptions directly on the evolution of
compound feed price. In this context, a more reasonable alternative
for the non-entry scenario is that compound feed prices follow the
historical pat-tern.

Producer and consumer surplus are derived from the supply and
demand equations [40] and [41]. Producer surplus is given by the
integral of the supply equation with respect to PH, from PHﬂ to
PH..* Producer surplus also depends on the path of prices and
quantities because supply adjusts to lagged prices. Two producer
surplus measures are defined following ILaFrance and de Gorter
(1985), "ex-ante" and "ex~post" (figure 9).% The "ex-ante" surplus
is defined by the integral of the supply equation with respect to

PH, from PHg to PHE holding lagged hog prices and other supply

shifters at actual levels (PH and PCFY),

47 PHQ is hog price in the non-entry scenario and PHE is hog
price in the entry scenario.

“® Because the supply equation does not respond to contempora-
necus output and input price changes, it is a perfect inelastic
Supply curve in period t (very short run) as depicted in figure 9.



103

Producer Surplus Measurement Consumer Surplus Measurement
*Ex-ante” and “Ex-post” supply. Demand.

PH PH o

s{PHY) S(PH")
PH" PH"
PH* PH®

‘Ex-ante’ "Ex-poat” \"Ex-unu" and

‘Ex-post” demand
QH : QH

Figure 9 Producer and consumer surplus measurement

: E_ £ E E E 2
[42] Psi=(£gtEPHL ;+£,PCFE 4. .. +£,PHS | o+F, PCFL |+ £, T +£, T2+£, D,

3 N
+£,6D,,+ 50Dz, } (PH:-PHY)

Here the supply curve is presumed to adjust to actual entry

rices PH and PCF, instead of to non-entry prices PH) and PCF!,

-entry prices and not by non-entry prices. LaFrance and de Gorter
point out that this "ex-ante" approach is not consistent with

‘simulation of non-historical (non-entry) prices and quantities (PHE

nd QHﬁ) contradicting the adjustments postulated in the model.
Nevertheless, they indicate that the "ex-ante" approach is more

recise because it relies on the levels of supply close to actual

The "ex-post" producer surplus is given by the integral of the

Supply equation holding prices at non-entry levels PH';l and PCFQ



= N N N N 2
(431  PS{={f,+£,PH +£,PCF} ;+. .. +E,PHY (+f, PCFY | £, T +£, T2+E, D
E_ppyN
+E,5D,, +E 20Dz} (PH{-PHY)
Consumer surplus is defined as the integral of the demand
equation, expressed in quantity dependent form, with respect to PH,

from PH to PHY:%

[44]  CS5;={hy+h,QBCA,+h;QCCA +h, ICA +hD, +h.D, +h,D;.} (PHY-PHE)ePOP,

N Ey2
+172h, (PH;~PH_) “* POP,

Consumer surplus is the same measured following the path of
historical prices PH. or the path of non-entry prices PH!, because
lagged prices do not shift fhe demand curve, i.e. there is no
adjustment process in demand.

Simulation of the non-entry scenario is performed with the hog

4 Equation [44] comes from equation [41]. The steps to arrive
at [44] are the following: first, QHCA is expressed in terms of the
other variables (note the h's are the estimated coefficients for
the individual variables divided by the estimated parameter for
QHCA.),

(1)  QHCA=hy+h PH,+h,QBCA +h;QCCA +h,ICA +h.D, +h.D, +h D,
and total quantity is:
(2)  QH=(hyth,PH +h,QBCA +h;QCCA +h,ICA+h;D, +h,D, +h Dy, ) ¢ POP,

then, the integral of quantity demanded with respect to PH,, from
PHE to PHQ, gives the measure of consumer surplus:

= E
(3) €S,={hy+h,QBCA+h;0CCA +h ICA +h;D, +h,D, +h,Dy } (PHY-PHE)e POP,

+172h, (PHy~PHS) % POP,
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model. Compound feed price is calculated from an ARIMA specifica-
tion with the other exogenous variables (beef, chicken and income)
all in per capita terms, taking the actual values.’® The results
are presented in table 17 and figures 10 and 11.

Under the non-entry scenario prices are higher than the co-
rresponding values under entry and quantities level off. This is
consistent with the prevailing lower prices in the EC markets which
influenced the Spanish market under accession. Lower EC prices
imply a surge in Spain's hog imports, a drop in the Spanish domes-
tic price and an increase in domestic consumption as the total
quantity available expands. Overtime, the actual expansion in total
guantity is made up of relatively reduced domestic supply, because
domestic prices are falling, and growing imports.>’

Prices are much higher in the non-entry scenario than in the
entry scenario specially in the winter of 1987 and spring of 1988.
These low prices under entry involve large losses for hog producers
and large gains for consumers.

The economic surplus calculations are derived from equations
[42], [43) and [44], but first a discussion of structural change
follows in the next section. If structural change exist, it affects

the measurement of economic surplus and has to be taken into

" see Appendix II for details on the ARIMA specification.

! In the structural change section, the demand equation [41]
is simulated under the entry scenario. Because under the entry
scenario there are 1mports coming to the Spanish market, these
imports are included in the variable QHCA,, hog consumptlon, in
simulating the demand equation: [41] and the demand equation
incorporating structural change [45].
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Table 17 Simulation of the non-entry scenario

Non-entry Entry

Domestic su- Price Total supply?® Price

pPply 1000 MT pta/kg 1000 MT pta/kg
1/86 380 249 359 231
2/86 338 . 225 363 225
3/86 330 224 339 225
4/86 412 230 406 201
1/87 407 239 398 187
2/87 369 214 346 181
3/87 363 215 366 183
4/87 445 221 434 i67
1/88 437 228 460 154
2/88 395 206 434 148
3/88 384 210 408 : 170
4/88 460 219 470 167
1/89 449 225 469 172
2/89 404 207 454 170
3/89 3g2 211 402 204
4/89 468 219 457 181
1/%0 457 222 483 164
2/90 413 204 421 162

® Total supply is made up of domestic supply and imports.
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Hog Quantity Simulation
Scenarios for Spain not joining and
joining the EC. Total hog availability.

1000 MT

G4B ;e

405 -

=== Joining (Observed) =~ —— Not joining

Figure 10 Simulation of hog quantity for the non-entry scenario
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Hog Price Simulation
Scenarios for Spain not joining the EC
and joining the EC

Pta/kg

240 e

190

140

=== Joining (Observed) - — Not joining

Figure 11 Simulation of hog price for the non-entry scenario
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consideration.?

4.2 Structural change

Structural change is examined by assessing the ability of the
model to simulate the actual outcomes of the entry scenario.
Further evidence is obtained by using the Chow and CUSUM tests
(Kramer and Sonnberger, 1986). The model estimated through 1985 is
utilized to calculate predictions of hog gquantities and prices by
using the actual values of the exogenous variables (compound feed
price and per capita beef, chicken and income) and including impor-
ted hog quantities. The results are portrayed in figures 12 and 13,
giving an indication of the ability of the model +to track hog
prices and quantities. It is clear that the primary problem lies in
the demand equation which persistently overpredicts hog prices.

To examine more precisely the performance of each separate
equation, the actual values for the right hand side variables are
used in calculating predictions from the supply and demand equa-
tions. Figures 14 and 15 illustrate the outcome: while the average

absolute percentage error for total hog quantity is 7.1 percent

2 Due to data limitations and the focus of the study, it is
not possible to completely identify the welfare effects of the
entry on hog producers with solely fattening operations and the
Cereal sector. These hog producers gain somewhat from piglet
imports at low prices. However it seems that any gains to them
derived from cost savings in buying piglets are largely offset by
the steep drop in hog prices during the period. With respect to
Cereal producers, they are affected by developments in the heg
market, specially barley growers. The effect can not be measured
here, but it 1likely compounded the adverse effect of the EC
policies of reducing cereal prices.
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Hog Quantity Simulation
Simulation of the model for the
entry scenario. Domestic supply.

1000 MT

= Observed —— Simulated

Figure 12 Simulation of hog supply under entry
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Hog Price Simulation
Simulation of the model for the
entry scenario
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Figure 13 Simulation of hog price under entry



470

420

370

320

Hog Quantity Simulation
Simulation of hog quantity using
actual values. Domestic supply.

1000 MT

m—— Obgerved — Simulated
Figure 14 Simulation of hog quantity using actual
values
Hog Price Simulation
Simulation of hog price using
actual values
Ptaskg
240
216
180
166
140
= Observed —— Simulated

Figure 15 Simulation of hog price using actual

values
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indicating an adequate performance by the supply equation, the
demand equation error in predicting hog price is 20.4 percent.

Structural change in supply and demand is checked by using the
Chow and recursive residuals tests. Because previous testing was
used to modify the specification, these structural tests must be
viewed as diagnostics. The tests also are limited by the presence
of autocorrelation in both supply and demand equations which may
make the results frail.?® Structural change is not detected by the
CUSUM test neither in the supply nor in the demand equation. The
Chow test is performed on the demand equation with break point
around 1986 but it also fails to detect structural change. Because
autocorrelation makes the tests results not very compelling, more
emphasis is given to the poor prediction performance of the demand
equation during the 1986-1990 period in considering the occurrence
of structural change.

The persistent overestimation in hog prices indicates that
demand may have become more inelastic. To capture structural
change, the demand equation has been re-estimated up to 1990
allowing initially for a change in the coefficients of variables
QHCA, QBCA and QCCA, with breaking point in 1/86. Because the esti~-
mation results were unexpected and imprecise, with an unexpected
sign in QBCA and lack of significance in variables QBCA and QCcCaA,

the focus in the analysis of structural change is placed in varia-

> Krémer et al. (1986, p. 70) indicate that the Chow and
recursive residuals tests "require that the assumptions of the
standard linear regression model hold under the null hypothesis
(possibly excluding normality)".
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ble QHCA examining the possibility of a change in its slope.
The demand equation has been estimated imposing the constancy
of the coefficients in variables QBCA and QCCA. This constancy was
examined with a Wald test and the null hypothesis of constancy was

accepted (4,=0.64 and xiom§=5.99). Results of estimation are:

(45] PH= 435.43 -(16.32 + 3.912 QHCA, -9.45 QBCA, -13.79 QCCA,
(1.35})

+8.95 ICA, -3.59 D, -39.72 D,, -32.18 D,,

(5.46)" (4.44) (5.3 3.4
Flexibilities
QHCA -0.52

QBCA ~0.10 p = 0.82

Qcca -0.25 €0.06)™"
ICA 0.27

R?=0.95 DW=1.49 AIC=673.54 SC=697.11

The results indicate a significant change in the slope of QHCA
as the coefficient increases by 3.97 after entry. The incorporation
of structural change in the demand equation implies a significant
improvement in hog price predictions. The average ébsolute per-
centage prediction error decreases from 20.4 to 7.3 percent, and is
similar to the prediction error found in the supply equation
(figure 16).

Demand becomes more inelastic after entry into the EC, with
implied elasticity dropping in absolute value from 2.6 to 1.9.
Conceptually, this direction of change towards a more inelastic
demand is somewhat puzzling. With accession into the EC the Spanish

domestic market becomes part of a larger market with the number of



115

Hog Price Simulation
Simulation of hog price using
actual values

Pta/kg

AOF o e

216

190

140IIIII!IIIIIII1III
1234128341234123412
| 86 | 8 | 8 | 8 | 9ol

= Observed —— Simulated

Figure 16 Simulation of hog price using actual values allowing
for structural change




116
substitute products eventually expanding which would imply a more
elastic demand. In part, this effect is offset by the relatively
few number of substitute products available at the wholesale
(carcass) level where product differentiation is less important.

Several other factors also may have resulted in the estimates
of demand being more inelastic. Changes in consumer preferences
related to dietary and health concerns may have reduced the
consunption even as prices were falling after 1985.% Another
possible explanation is that producer prices may have fallen due to
some uncertainty over the effects of permitting imports in the
Spanish market. In an environment where buyers face higher price
uncertainty, a strategy that includes lower buying prices may

assist in absorbing the greater market risk.

4.3 Producer and consumer surplus changes

The economic surplus calculations are based on the non-entry
and entry prices and quantities presented in table 17 and are given
in million constant (1989) pesetas. "Ex-ante" and "ex-post" surplus
changes are derived from equations [42], [43] and [44],% and
presented in figure 17 and table 18.

Welfare analysis indicate that, regarding the hog market,

gains from entry into the European Community exceed losses.

** The amount of fat in pork is considerable and "per capita"
consumption is quite high, above 40 kg/inhabitant/year.

> Eguation [44] is the demand equation incorporating
structural change.
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Surplus Changes from Entry into the EC
Producer and consumer surplus changes by
semester 1/86-1/90 in 1000 million pta.

1000 million pta
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Figure 17 Economic surplus changes by semester 1986/1-1990/1
from the entry into the EC

However, losses are very large for hog producers and compensation
to them has been limited. Total hog carcass market sales for the
period 1/86 to 2/90 are 1,352 billion pesetas,” and total losses
to producers range from the "ex-ante" 270 to the "ex-post" 284
billion pesetas estimates. These losses in producer surplus
represent 20 percent of the total market sales over the period. The
severity of the losses for hog producers is apparent during 1988
(figure 17); producer surplus losses average 32 percent of market

sales for quarters 4/87 to 1/89 and 37 percent of market sales for

* calculated from table 17.



118

Table 18 Economic surplus changes 1986/1-1990/2 from
the entry into the European Community

Surplus change Surplus change Total change
in supply in demand in surplus
10¢ pta 10% pta 10° pta
Ex-ante? Ex-post? Ex-ante and Ex-ante Ex-post
Ex-post
1/86 -6780 -6780 13755 6975 6975
2/86 300 300 -636 -336 =336
3/86 352 353 =761 =409 -408
4/86 -11850 -11897 21679 9829 9782
1/87 -20672 ~20779 37700 17028 16921
2/87 -12113 -12243 22839 10726 10596
3/87 -11468 -11719 22221 10753 10502
4/87 -23240 -23883 39461 16619 15578
1/88 =-31125 =32311 53260 22135 20949
2/88 -21570 -22769 38620 17050 15851
3/88 =14260 -=15320 27500 13240 12180
4/88 -22228 ~23878 38725 16497 14847
1/89 =22018 ~-23885 39688 17670 15803
2/89 -13583 =-14962 25959 12376 . 10997
3/89 —-2482 ~2749 5121 2639 2372
4/89 ~16145 =17544 28790 12645 11246
1/90 -24635 -26606 43254 18619 16648
2/90 -16253 -17518 29669 13416 12151
Total .

1/86-2/90 -269770 -284190 486844 217074 202654

® The "ex-ante" surplus change is based on supply quantities
calculated holding past hog and feed prices at "entry" levels (PHE
and PCFE). The "ex-post" change in surplus is calculated holding
past hog and feed prices at "non-entry" levels (PH: and PCFQ).
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quarters 4/87 to 2/88. The claim made by hog producers that they
have suffered large losses derived from the entry into the EC seenms
warranted.

Upon entering the Community, Spanish agricultural policy
makers were confronted with the stabilization in market support
expenditures introduced by the reform of the Common Agricultural
Policy (CAP). Their objective was to obtain large funds from the EC
to be applied in underdeveloped or declining Spanish regions, and
not in pressing for funds directed to sectors, such as the hog
sector, that were suffering heavy losses because of the entry.%
Furthermore, Sanchez (1989) indicates that from the 441 billion
current pesetas that came from the EC agricultural intervention
agency (EGGAF) to support agricultural markets' prices between 1986
and 1988, only 2.7 billions which is less than 1 percent of the
total were applied to support the hog market and those funds were
mostly in the form of export subsidies to non-EC countries. That is
a very small fraction of the calculated 170-180 billion pesetas®®

in welfare losses absorbed by hog producers between 1986 and 1988.

* There are three sources of EC financing for development of
poor or declining regions; the European Agriculture Guidance and
Guarantee Fund (EAGGF), The European Regional Development Fund
(ERDF) , and the European Social Fund (ESF). The "guarantee" section
of EAGGF is the instrument to support market prices and the
"guidance" section with much more limited resources is used to
finance basic changes in the structure of the agricultural sector.
ERDF and ESF funds go to poor and declining regions within the
European Community. Expenditures in 1983 in current million ECU's
were: EAGGF-Guarantee, 15848; EAGGF-Guidance, 750; ERDF, 2406; ESF,
1020. Clearly the strategy of Spanish decision makers is to press
for enhanced development funds which would flow to poor regions in
southern countries such as Spain.

8 1989 pesetas.
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Clearly, there has been a trade-off for agricultural policy deci-
sion makers in Spain between pressing for EC development assistance
and pressing for market support funds to be applied in depressed
markets such as the hog market.

However, hog producers have been adversely affected and the
compensation granted to them has been very limited covering less
than 2 percent of their losses. The group of producers bearing the
burden of adjustment to the new competitive Community environment
has been the traditional or "family" type producers. Low hog prices
are forcing many of them to go out of business and the remaining
ones face an unfavorable outlook.

A second consideration for decision makers has been the gains
accruing to consumers (and meat processors) from the expanded hog
supply at low prices. Gains t6 consumers from 1-86 to 2-90 are 487
billion pesetas, which represent an average of 36 percent of total
market sales during the period. These gains to consumers are consi-
derable doubling the losses accruing to producers, and their im-
portance should not be underestimated. The gains allowed policy
decision makers to advance broader economic objectives such as
reduced inflation goals.

A third consideration for decision makers, apart from the
gains to consumers, has been the long-run effects of entry into the
EC. A more competitive environment would facilitate technological
improvements and lower costs, resulting in a more efficient hog
sector with a vast potential market. Producers are being asked to

face these new challenges and the new opportunities.
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CHAPTER V SUMMARY AND IMPLICATIONS

This study presents an examination of the effects on the

Spanish hog industry of Spain's accession into the European Commu-
nity. The hog industry is the largest component of the Spanish
livestock sector and developments in this industry affects the
whole Spanish agricultural system. Its intense growth in recent
decades in production and consumption has been driven by technolo-
gical advances and favorable price relationships. Its selection for
analysis reflects its importance to the livestock sector and close
linkages that exist to the grain sector and meat processing
industries.

Hog producers have experienced increasing competition from
European Community markets since accession, and have claimed that
they suffered large losses because of entry into the EC. Due to
falling prices, specially during 1987 and 1988, producers' organi-
zations complained to the government and lobbied for protective
measures, which were finally granted briefly to them in mid-1988
after large demonstrations in many parts of the country. This study
analyzes the impact of accession into the EC on the Spanish hog
market and identifies gains and losses to market participants.
Based on an econometric representation of the Spanish hog market,
gains and losses absorbed by the hog market economic agents are

quantified. Recognition and measurement of these gains and losses,
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as well as knowledge of the dynamics of the market, provides
important information to policy decision makers, private and

cooperative meat processing companies and farmers' orgahnizations.

5.1 Summary

A quarterly econometric model capturing the constancies and
operation of the hog market is used in the analysis. The model
includes causal relationships, technological change and other
information about this complex system. The relevancy of several
price expectations mechanisms (i.e. naive, polynomial distributed
lags, adaptive and rational expectations) to the Spanish hog market
is examined. Structural change induced by accession also is asse-
ssed.

The model is used to derive the welfare consequences of
accession by simulating the evolution of the hog market had Spain
not entered the EC. Thé effects of entry are then assessed by
comparing the evolution of the hog market with and without acces-
sion into the EC, and calculating from these two scenarios gains
and losses to producers and consumers.

The Spanish hog industry is less productive than the leading
European Community'hog'producers,'Netherlands, Germany and Denmark,
although integration by large companies in recent decades and the
introduction of modern technology has improved the competitive
position of the hog industry. In general, there are two groups of

Spanish hog producers, traditional (or "family") and modern produ-
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cers. Traditional producers lack up-to-date management and produc-
tion techniques and are very small in size. This small size implies
limited resource availability which precludes improvements in their
production facilities. Modern producers use improved technology and
are highly integrated. Spanish hog producers are integrated under
two types of organization; integration by contract in a private
company or 1lintegration by memberghip in a cooperative. The
implications of integration for the hog sector are a high degree of
sensitivity of production and input usage to price changes and to
changes in technology. The improvement in production technologies
driven by integration in large companies has resulted in a large
expansion in hog production which has increased at a rate of more
than 7 percent a year since 1965, and in a decreasing hog-compound
feed price ratio. In spite of these improvements, there remains a
sizable component of the sector consisting of small farms with
outdated facilities. Two other factors which are important in
considering the structure of supply are the existence of cycles in
quantities and prices and the strong seasonality in output.

Consumption of pork "per capita" in Spain is near the EC ave-
rage but meat consumption patterns for other meats differ greatly
between Spain and the other EC countries. Pork consumption has
expanded vastly in the last 20 years, an expansion facilitated by
the moderate pork price. The drop in hog prices after entry into
the EC has caused some additional expansion in hog consumption
mainly derived from imports.

Hog trade after accession is almost exclusively done within



124
the EC. While hog exports were not allowed up to mid-1989, hog
imports have been around 100,000 metric tons a year (6 percent of
consumption) since entry in 1986, Netherlands being the main
supplier. These imports are explained by the price differences and
the good marketing networks of large foreign firms.

The hog market is represented by an econometric model consis-
ting of a supply and a demand equation specified as linear. The
model includes hog and compound feed prices and hog quantities,
technology, income level, and behavior of related markets. Invento-
ries are not included because they are very small and do not
influence price determination. On the supply side, lack of data
precludes disaggregating production into feeding and breeding
components. External trade, although expanding after accession, has
been historically insignificant; this lack of trade prior to
accession prevents the estimation of a trade behavioral equation
and as a consequence net imports enter the analysis exogenously.

Specifically, the supply equation was specified under alterna-
tive expectations mechanisms: naive, polynomial lags, adaptive and
rational expectations. The alternative mechanisms are examined
through parametric and non-parametric validation techniques using
non-nested hypothesis testing and performance measures based on
out-of-sample forecasts. The demand component of the model was
formulated within a single equation price-dependent framework where
price is influenced by quantity and substitutes' quantities, inco-
me, population and preferences.

The procedures used to estimate supply and demand depended on
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the particular specification. Naive supply was estimated by ordina-
ry least squares, and supply under polynomial distributed lags was
estimated by a restricted least squares estimator where the polyno-
mial structure on the lag weights is introduced as constraints to
the initial model. Adaptive and rational expectations require a
non-linear procedure if the structural rather than the reduced ob-
servable form coefficients need to be calculated. The equations
were estimated with quarterly data for the period 1/71 to 4/82, the
data for period 1/83 to 4/85 being used for post-sample prediction
tests.

Selection of the best expectations mechanism is performed by
first completing significance, sign and size checks and eliminating
the specifications that fall short of minimum requirements. Then
the models are compared by implementing non-nested and post-sample
predictive procedures. A final model ié selected through an overall
performance examination.

Problems with collinearity, lack of significance, wrong signs,
and inadequate prediction ability make questionable the use of the
adaptive and rational specifications. Among the remaining specifi-
cations some tests favor the naive-ratio specification but other
tests fail to differentiate between specifications.’ 1In light of
the tests results, there is little to choose between the naive and
polynomial specifications. The polynomial supply is selected

because it allows for more flexibility in specifying the supply

 In the naive-ratio specification, supply is specified under
naive expectations and prices are in a ratio form.
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elasticities and also because these elasticities are more similar
to elasticities found in previous studies. The characteristics of
the polynomial supply are: third degree polynomial with lag lengths
from t-2 to t-13, the mean lag response for heg price is 6.33 and
the mean lag response for compound feed price is 8.60 (supply
responds more rapidly to output price changes than to input price
changes), 0.78 hog price elasticity and -0.62 compound feed price
elasticity.

The price dependent hog demand is specified in per capita
terms. The more significant variables in the demand equation are
pork consumption, income and the seasonal variables.

The estimated hog model is used to analyze the effects on the
hog market of Spain's entry into the EC. The effects of entry are
calculated comparing the evolution of the hog market with and
without ehtry into the EC for the period 1986 to 1990, and compu-
ting welfare measures. Two groups of market participants are
distinguished: hog producers and pork consumers. Economic surplus
measures are used to compute gains and losses accruing to producers
and consumers. Two producer surplus measures are defined, "ex-ante"
and "ex-post" which depend on the path of past prices, supply
adjusting to lagged prices. The "ex-ante" surplus change is based
on supply quantities calculated at entry hog and feed price levels,
a procedure which yields more precise results..

For the non-entry scenario, quantities are smaller and prices
higher than the corresponding values of the entry scenario. Under

entry there is a surge in hog imports, a drop in the Spanish domes-
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tic price and an increase in domestic consumption, which expands
total quantity available. This expansion is made up of reduced
domestic supply, because domestic prices are falling, and growing
imports. Hog prices are much higher in the non-entry scenario,
specially in the winter of 1987 and spring of 1988. The low prices
under entry involve large losses for hog producers and large gains
for consumers.

Structural change is detected in the demand equation which
affects the measurement of economic surplus. Incorporation of
structural change in the demand equation results in a significant
improvement in hog price predictions (the average absolute percen-
tage error is reduced from 20.4 to 7.3). Demand becomes more
inelastic with elasticity changing from -2.6 to -1.9. The income
elasticity for the final equation is 0.5. Although this results may
seem somewhat strange, there are reasons that explain this
direction of change in the demand elasticity. One is the reduced
availability of substitute products at the wholesale (carcass)
market level. Other factors also may have resulted in the estimates
of demand being more inelastic. Changes in consumer preferences may
have reduced the consumption even as prices were falling after
1985. Another possible explanation is that producer prices may have
fallen due to the uncertainty over the effects of permitting
imports in the Spanish market. In an environment where buyers face
higher price uncertainty, a strategy that includes lower buying
prices may assist in absorbing the greater market risk.

Welfare measures indicate that in the hog market, direct gains
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from entry into the European Community exceed direct losses.
Consumers gained considerably through increased imports from the
Community at lower prices. During the period 1/86 to 2/90, gains to
consumers are estimated at 487 billion pesetas representing 36
percent of market sales. Clearly, these gains are very important to
the pork consumer and permitted policy decision makers to further
advance broader economic objectives such as reduced inflation.

However, losses for hog producers are very large and compen-—
sation has been limited. During the period 1/86 to 2/90, "Ex-ante"
and "ex-post" producer surplus losses are estimated at 270 and 284
billion pesetas, respectively, representing 20 percent of market
sales. The magnitude of the losses for hog producers was most
pronounced during 1988. Producer losses average 32 percent of
market sales for quarters 4/87 to 1/89 and 37 percent for quarters
4/87 to 2/88. Compensation granted to hog producers has covered
less than 2 percent of their losses. It appears that the contention
made by producers that they experienced large direct losses as a
consequence of the entry into the European Community seems
warranted.

Finally, in considering the more global effects from entry
into the Community to the agricultural sector, it is important to
note the development assistance for poor and declining regions.
Further, entry into the Community will_foster a more competitive
environment which will likely increase technological adoption and
lower costs resulting in a more efficient hog industry and

agricultural sector.
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5.2 Implications and directions for further research

The results from the study have several implications for
developing a better understanding of Spanish agriculture. First, is
the recognition of the decisive influence that entry into the EC is
having on the hog market. Because of the entry, consumers have
cleariy improved their welfare and hog producers have been adverse-
ly affected. Gains to consumers surpass twofold the losses to
producers which indicates a considerable benefit from entry.
Meanwhile the government intervention in hog markets to enhance hog
producers income have represented less than 2 per-cent of their
losses.® Given the magnitude of the direct losses, the government
might consider evaluating the more general effects of the enéry on
hog producers. Additional compensation to the hog sector may be
warranted. This compensation would be most useful if directed to
improve the competitive level of hog producers in Spain and develop
marketing instruments to access Community markets.

A second implication comes from the result of the investiga-
tion on the expectation formation mechanism that producers pursue
in the hog market. It appears that here a rather straightforward
modeling procgdure captures the flavor of the Spanish hog market.
The expected price mechanisms tested are naive, polynomial distri-

buted lags, adaptive and rational expectations. The empirical

® That is in line with reduced EC intervention in the hog
market and Spanish policy before accession regarding the hog
market. However, national governments may supplement CAP with
domestic programs.
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evidence supports either the naive or the polynomial distributed
lag specifications but not the adaptive and rational expectations
hypothesis. Polynomial supply was selected because it allowed more
flexibility and produced more reasonable supply elasticities.
However, naive and polynomial specifications are less restrictive
and can accommodate the data with less demanding requirements.

Selection of polynomial distributed lags does not necessarily
indicate that producers are not rational in their outlook. It may
suggest that application of the rational expectations framework has
been hampered by the deficient quality of data and the complexity
of the model. Also, it may suggest the empirical difficulties in
using the rational expectations model in heterogeneous environment
such as the Spanish hog market. While some producers may behave in
a rational manner, there is a sizable group of "traditional" produ-
cers which may have a different behavior pattern. Even assuming
that both producer groups behave in a rational manner, production
constraints for each group may be different, resulting in distinc-
tive response supply functions. With aggregation, rational produ-
cers might not be identified as such.

Other reasons that may explain the difficulties in confirming
the rational hypothesis are the simplifying assumption that agents
know with certainty the process generating the exogenous variables
and the assumption that agents subjectivist probability equals the
probability generated by the model. Another simplifying assumption
is that all information available is used by agents, which contra-

dicts the fact that information acquisition is costly. Previous
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empirical studies which have not confirmed the rational hypothesis
may also have suffered from these difficulties.®

A third implication results from the finding of structural
change in demand. It appears that hog prices have become more
sensitive to total hog availability. In the context of a Spanish
market which is becoming more integrated within the Community
market, this means a more rapid transmission of price fluctuations
into the Spanish market. It is clear that prices will be determined
in the larger European arena with the Spanish market interacting
with the rest of the Community. A related research question is the
economic structure that determines prices in the different Euro-
pean Community national markets and the degree of integration among
markets. This requires a modeling effort capable of including the
whole EC hog market.

Several other questions have been not addressed in this re-
search and deserve further investigation. First is the effect of
entry into the EC on other large Spanish agricultural sectors such
as the cereal sector, and on the whole agricultural sector, and on
the entire Spanish economy. Studies assessing the effect of entry
on particular markets, as the present study, can be implemented by
a partial equilibrium framework. However, a general equilibrium
framework must be used to assess the effects of entry on the whole
agricultural sector or the entire economy.

Second is the question of trying to distinguish between

! For example, Shonkwiler (1982) tested rational expectations
in the Florida escarole market and Baltas (1987) tested quasi-
rational expectations for Greek cereals.
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producers with breeding, fattening, and breeding to finish
operations. Distinction between producers with breeding, fattening,
and breeding to finish operations would permit a breakdown of
welfare losses by group of producers. Distinction among them
depends on data availability, so data collection here is a
reguisite.

It also is important to develop a better understanding of hog
demand. This will require a more comprehensive study of the dy-
namics of the hog, cattle and poultry markets and the price
transmission mechanisms between them. The hog demand equation
implemented in this study is static, and non-contemporaneous
relationships also may be needed. In addition to a dynamic spe-
cification, another possible refinement in the demand egquation
would be to consider the specification of non-fixed coefficients.

More detailed studies on hog demand, possibly using cross-
section data and marketing research techniques, could complement
the time series analysis and would give meat processors useful
information on consumer preferences and on opportunities in
different markets and products. This information is needed to
strengthen the position of the hog industry in the domestic market
and for expanding its activity to other Community markets. In terms
of possible exports two groups of products can be considered:
products directed at the wholesale market and products directed at
the final consumer market. The more lucrative market is the final
consumer market and different strategies may be followed. One is to

elaborate pork products for mass consumption according to the
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different national tastes. Another option would be to introduce and
consolidate high quality Spanish products already used by some
foreign consumers.

On balance, the progressive integration of the Spanish market
into the EC market is important for decision makers in companies,
government and farmers' organizations. The entry has directly
affected various groups. The outlook for the industry depends on
its ability to increase its competitive level within the EC. Tech-
nological change and integration by large firms has facilitated
adoption of improved techniques but there is room for productivity
improvements by increasing the size of farms and the proportion of
more highly integrated farm operations. In addition, to compete in
EC markets, it will be important to develop efficient marketing
channels distributing pork products adapted to the different natio-
nal market requirements and tastes. Government programs designed to
induce further productivity advances and to facilitate Spanish

exports into Community markets would be particularly useful.
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APPENDIX 1

Exchange rate and selected metric equivalences
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Exchange rates. ECU, Green ECU? and US dollar
in Spain's pesetas.

ECU Green ECU US dollar
1986 137.5 147.8 139.7
1987 142.2 149.6 123.2
1988 137.6 155.8 116.4
1989 137.6 151.2 118.4
1990 133.6 148.1 96.5

Exchange rates. ECU and Green ECU (meat) by country
in national currency (1988).

Germany France Netherlands Italy Spain

(DM) (FF) (HF) (LIT) (PTA)

ECU 2.074 7.036 2.335 1,538 137.6

Green ECU 2.631 7.696 2.647 1,631 155.8
Weight.

1 metric ton (MT) = 1,000 kilograms (kg)

1 kilogram = 2.2 pounds

Capacity.

1 liter = 0.28 US gallons.

® Green ECU exchange rates depend on the country and product
under consideration. The green ECU excange rates given correspond
to Spain and pork products.

Sources: La Situacién de la Agricultura en la Comunidad.
Comisidén de las Comunidades Europeas. Agricultural Markets.
Commission of the European Communities.
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APPENDIX II

Ancillary ARIMA models'for the exogenous variables
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The auxiliary ARIMA specifications estimated with data up to
4/82, to calculate predictions of the exogenous variables for the
1/83 to 4/85 period are given by; OB,: ARIMA(3,0,0)x(1,0,0),, Qc,:

ARTMA(1,0,0), I,: ARIMA(4,0,1), PCF

¢ ARTMA(1,0,0). The results

t-4°

from estimation of these models are:

0B, (beef quantity)

(1 -0.88 L +0.66 12 -o0. 60 L%) (1 +0. 09, L%) QB, = 20.76 + €,
(0. 12) (0, 16) (0. 12) (0. 12)

R? = 0.70 DW = 2.06

QC, (chicken quantity)

(1 -0.96 L) QC, = 8.99 + ¢,

€0.02)

R = 0.97 DW

2.22

I, (income, deflated)

(1 -0.06 L +0.11 I? -0.001 I° -o0. 74 L% I, = 90.81
€0.10) €0.10) (0.0%) (0. 09)

+ (1 +0.48 L) €
(0. 18)

RZ = 0.82 DW = 1.79
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PCF, , (compound feed price, deflated)

(1 -0.96 L) PCF,, = 0.85 + €,
(0.04)

R? = 0,93 DW

1.77

The PCF,, ARIMA specification is re~estimated with data up to
4/85 and predictions from 1/86 to 2/90 are calculated. These

predictions are used in simulation. Estimation yields:

PCF,., (compound feed price, deflated, data set up to 4/85)

(1 -0.96 L) PCF,, = 1.97 + e,
(0.03)

R = 0.94 DW

]

l1.69
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