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1.0 l ' Introduction

Several important issues are preseatly facing Canada'saliwestoek
sector. Among these are: the initiation, in a feW'mOnths; of a new roond
of international trade negotiations; immiaent changes in Canadian domestic
poliey regerding.regional transfer of feedgrains and livestock products; and
concefa with marketing efficiency caused oy rising meat prices.

There'has been no framework available in ohich ﬁajor spatial and
temporal characteristics of the Canadian livestock sector are linked in a
manner which would allow an evaluation of policy or structural changes ori
the general level of prices, regional production, and trade.. Analyses of
tﬁis nature have been suggested orbimélied by eeveral researchers in recent
years. For example, King [16], in arguing for economic integ:ation of v.s.
and Canadian agriculﬁure, has made a serong case for building spatial models
to analyze the regional impacts of policy changes within the context of the
total North American market. Ghosh [12] and Marshall and Huff [19] have
recently proposed comparable studies. -
| The purpose of this paper is to report on a study undertaken to

build a normative spatial equilibrium model of the North American pork

N

sector which emphasises the CanadianvsubSector. Objectives of the paper
3 : '

are as follows.v

1. Structural characterieties of the sector are discussed and

a working hypothesis is developed for market behavioﬁr.

‘2. A normative structural model of  the sector based on this

hypothesis is specified and validated.

3. Several potential applications of the" model are suggested
and the results of a policy experiment are presented.
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2.0 . Structural Characteristics of the Pork
Sector and Their Implications
In attempting to model the pork sector, several important spatial
and temporal linkages affecting equilibriﬁm prices and production levels
must be.considered. The followiﬁg discussion briefly characterizes these
linkages and indicates the nature of their interactions to afrive at a

price equilibrium.'

2.1 Canadian and U.S. Production and Trade Linkages

The Canadian market is closely linked to the U.S. through both
imports and exports of pork products. Table 1 contains data which indicates
the total commercial production and trade of the U.S. and Canada during the
past decade. These data indicate that over most of this period, the U.S.
was Canada‘’s major trading partmer. On the export side, Canadian exports to
the U.S. have remained relatively constant. Between 70 and 80 percent of
Canada's total exports to the U.S. is made up of high quality fresh and
frozen heavy hams which have a specialized market in the Eastern U.S. This
xtrade is largely unresponsive to price changes since the market is depen-
dent on a high degree of quality differentiation.!J Until 1970, exports
of Canadian pork.to countries other than the U.S. made up only about ien

percent of total Canadian exports. This has changed somewhat since 1970

because of the entry of Japan into the Canadian market.

£y This element of the export market has been analyzed in detail in [14].



Annual Pork Production and Trade - Canada and U.S. 1961-1971

Production (M 1bs)

Table 1

Year __Canada's Trade (1 1bs)

Canada - U.S. Exports to Total Impofts'from Total

U.s. Exports U.S. Imports

1961 975 10,730 44 58 42 42
1962 984 11,224 46 52 35 35
1963 980 11,863 47 52 88 88
1964 i,oeo 12,019 51 59 54 l 54
1965 1,006  10.736 56 61 28 37
1966 © 1,014 11,130 . 46 51 25 37
1967 1,181 12,377 55 61 28 29
1968 1,181 12,867 56 63 40 41
196¢ 1,134  12.774 50 58 68 70
1970 1,328 13,248 60 72 24 26
1971 1,510 14,608 68 08 15 17

Sources: Livestock and Meat Statistics,'U.S.D.A.

- Livestock and Animal Products Statistics, A.P.B.S.
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Table 1 indicates that imports of U.S. pork into Canada have been
much more volatile than Canadian éxports to.the U.S. The Federal Task
Fofce on Agriculture [10] and the USDA [9] have shown that this volétility
results largely from short run price differénces between Canada and the

2/

This indicates that the U.S. and Canadian markets are directly

.linked through trade and that arbitrage:takes place when price differentials

L\

exceed transfer costs and tariff charges.

2.2 Linkages and Structural Characteristics Within the Canadian Market
Although no data exist on within Canada trade flows, it can be
inferred from spatial price differentials that trade between Eastern and

3/

Western Canadian markets=' is carried out under competitive conditions.
Over the past two decades quarterly wholesale prices in the major market
centres of Toronto and Calgary have been characterized by a nearly constant
price differential [4]. This implies rapid adjustment to price différences
between the two markets.

There ére major structural-differences in the nature of Suﬁply
response in the two regions. These are mainly Because of Canadian Wheat
Board operations relating to Western produced feedgrains. Kerr [15] has
shown that beéause of these operations, thé two major regions have ver&

different structural characteristics. Specifically, while both Eastern

and Western Canadian production responds to pork price changes, in the

2

3

As was noted above, the export market was less strongly related to rela-
tive prices because of the specialized U.S. market for Canadian pork.

However, since 1968, due to a relatively faster growth in Canadian pork
production, quarterly Canadian exports to the U.S. have shown some response
to the same price differnntial.

Eastern Canada is made up of the Provinces of Ontario, Quebec and the
Atlantic Provinces. Western Canada is made up of the Prairie Provinces
- and British Columbia. ‘ ‘
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Prairie Provinces, pork production is also a function of the state of the
grain economy as exemplified by stocks of Western feedgrains.v Eastern
Canadian production is more dependent.on such factore as alternative produc-
tion opéortunities and feed grain prices. DMNost studies of the U.S. markef
(e.g. Crom [6] and Harlow [13]) do not suggest that simiiar structural

differences exist there.

2,3 Seasonal and Cyclical CharacferistiCs of the Sector

Seasonal variation exists in both supply ana consumption of pork.
Seasoﬂélity is probably most important on the supply side since producers
have traditionally adjusted farrowings to avoid adverse winter wea;her
conditibns. While this factor is Becoming less important over time because
of technological improvements in farrowing facilities,.moet studies of the
U.S. pork market, including those cited above by Harlow [13] and Crom [6],
have included seasonal variables in behavioural equationsvwith statistical
success, In Caznada, studies by Marshall [17], Pando [21] and C.D.A. [5]
have shown a definite seasonality in pork supply.

Seasonality in consumptioh exists because of shifts in consumer
preferences between seasons. The study By Crom indicéted‘some seasonality
exists in_the U.S. market. Preliminary analysis of demaﬁd relationships
for the present study [29] indicates that significant seasonality exists in
both the Canadian and U.S. markets.

Because of this seasonality, cold storage stocks of pork carcasses
and cuts play an ‘important roles in smoothing seasonal price fluctuations by
fationing produce'over time. Ip periods when production is high, we would

- expect inventories to build up since wholesalers exﬁect that in forthcoming
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periodé production will be low and prices will be higher. Given these
expectations, the interéction of changes in stocks with changes in produc-
tion and demaﬁd will cause a leveling off of prices within'a particular
year. In peak production periods, a build up of stocks will bid prices
higher than they would be without stock holdings. In low production periods,
stocks will be depleted to force pricesquwer. This implies that the demand
by the marketing system~forvcold storage stocks is closely related to both
pork prices and traders' knowledge of the seasonal pfoduction pattern.

Added to the seasonality of the hog market is its well known
cyclical property caused by lagged producer response to price changes. The
hog cyc1e has been~ihvestigated‘ihvdepth in the U.S. and ifarshall [18] has
shown that the Canadién cycle has been very closely tied to that of the
U.S. except when extremé surpluses or deficits of Western Canadian feed-

grains occur,

2.4 Market Equilibrium'in a Single.Period and Successive Periods

Given the structural characteristics described in the above sec-
tions, we may establish a working hypothesis that the potk sector behaves
as a competitive spatial system which érrivesvat a market equilibrium
through the process described below.

Existence of a lagged price relationship causes pork producticn
in a given region and time period to be p;edetermined. tikewise, we -may
consider that initial storage stocks in a givén region and time period are

4/

also predetermined.— Equilibrium prices, consumption and trade flows in a

given period are therefore jointly determined by interaction of the

ﬁ/ Initial stocks in t = initial stocks in t-1 + additions to stocks in
t-1 - reductions in stocks in t-1l. ‘
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predetermined production and storage stocks with demands for consumption

and demands for stocks during the period and by transfer costs between
regions. This describes the same system of equilibrating forces as was
presented by Samuelson [22] in analysing a simple spatial equilibrium system
except that the effects of stocks in rationing the product over time are in-
cluded. In the present casé; the influence of changes in stocks in eaéh
region during a given period can be Viéwéd as‘an added dimension of the
excess supply and demand concept.

Over successive periods market equilibrium is linked recursively
for two reasons. First, since levels of stocks can be considered ehdcgenous
to the system, prices, éonsumption and ' trade in period t+l will.be partly a
function of prices, consumption and trade in period t. Second there is a
recursive relationship becaﬁse of fhe lagged price resbonse. That is,
assuming the relevant price lag is five (quarterly) periods, then market
equilibrium in period t+l1 is related not onlybto that of period t, but also

to the prices observed by producers in t-5.

3.0 The llodel

Section 2.0 indicates thét a complex set of factors and inter-
relationships are involved in bringing about a given quarterlyzmarket situa-
tion in ‘the three major régions. The model specified incorporates these
into a quadratic price equilibrium format. In Figure 1, a schematic repre-
sentation of the'model is presented. The figure indicaﬁes all exogenous and
endogenous variables which interact to determine the three tegioﬁ equilibrium.
The upper segment of Figure 1 indicates the exogenous variables included in

. the anélysis of supply, demand, aﬁd_demand for stocks. These variables form
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thé exogenous part of the quadratic programming model. Quarterly demand for
consumption and stocks equations are incorporated directly in the model while
the supply equations are used to estimate predetermined quarterly production
levels. 1Initial storage supply is also predetermined. The spatial equili-
brium model is specified as a price formulation model, (see [24, chp. 8]).
‘The model endogenously determines‘optimum regional prices for a given period
in its prima; formulation and the resulting regional consumpﬁion, tfadé and
storage levels afe obtained from its dual. Thé.modél is run recursively for
successive quarteré by specifying structural quarteriy demand énd demand for
stock equatidns from their exogenous variable parameters and feeding back
storage stocks into the objective function for each successive quarter. A

- second recursive element appears in the feed back of generated prices into

the five quarter lagged supply functions.

3.1 ifathematical Formulation

lMathematically the m&del is formulated as a‘recursive quadratic
programming model which determines multiregion spatial equilibrium solutions
‘over_consecutive time periods.

Considering ohly one quarterly time period, we can define ﬁhe
following structural equations and identities which are included in the

model. -
(3.1.1) A demand function for pork consumption in each region,
c_ _c_,c L '
Yy T3y T iRy | @

where,
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» quantity of pork consumed in region i; (i=l,.;.,n),
intercept for pork consumption function in region i,
p;ice response coefficient for éénéumption in region i,

demand price in region i.

Over all regions, the consumption functions can be generalized in matrix

5/

notation to,~

Y% = 4% - 8% (2)

(3.1.2) A demand function for stocks of pork in each region

where,

s _ .8 _,8 '
¥y =3 = bipys | 3

closing level of stocks in region i,
intercept term for stock function in regionm i,

response of stock demand to changes in pork prices

in region i,

demand price for pork in région“i.

As with equation (1), we can generalize (3) in matrix form to

) s _s - '
Y =A -BP . 4
y (4)

5/

=" To include consideration of the relatively constant quantity of high

quality hams sold by Canada to the Eastern U.S., an extra '"dummy' region

is also included in the model. This region merely has ‘an associated inter-
cept term equal to actual shipments for model validation or estimated from
a trend line for prediction. Inclusion of this element allows the model to
fulfill the specialized demand and, at the same time, respond to price
changes with possible trade between any pair of regiouns.
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. . " f “
(3.1.3) A fixed level of production in each region defined as X, . 'This is
predetermined from estimated behavioural supply functions for each region.
For n regions we define a vector'Xf, an n x 1 vector of the predetermined

regional supply quantities. That is,

£ f f £ . |
X = (xl, Xgs o o xn) . (5)

(3.1.4) A fixed level of initial stocks in each region, xz, which is equal
to closing stocks from the previous period. For n regions we define the

vector Kl’ an n x 1 vector containing initial stocks. That is,

S= S S S\~
o S A I | (6)

(3.1.5) A 4n® x 1 vector of per unit transfer costs denoted as,
T=(, D, E, F)* (7

where,

= ' ¥ 2
C = (cll’ Cips * = + Cps Cpps o = cnn)‘, ann x1

vector of transfer costs for shipping fresh pork to

the ith consuming region from the jth producing region,

, - 2
D= (dll’ d12’ .. dln’ d21, . . dnn) ,ann x1

vector of transfer costs for shipping fresh pork from

the ith consuming region to storage in the jth region,

E = (ell’ e12f s eoe 8 €y e . e enn) , an n xvll |
vector of transfer cost for shipping fresh pork for
consumption in the ith consuming region from storage
in the jth region, '

- - 2
F = (fll’ f12’ .« . fln’ f21, e e fnn) ,ann x 1

vector of transfer costs for shipping pork for storage

to the ith region from storage in the jth region.
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(3.1.6) The Single Period Model

Using equations (2), (4), (5), (6), and (7) an optimizing model
for one period is constructed based on the fixed supply épatial price-
equilibrium model developed by Takayama and Judge [24,'chp. 8].. Takayama
and Judge call the objective function of their m)del net indirect wélfare
in the price formulation. They have shown in an ﬁaflier'article [25] that
this formulation results in a welfare function which is exacfly equivalent
to the net summed areas under excess rggional demas ¢ and éupply functions
- at equilibrium. After integration, the following prilnaal quadraticApfogramr

6/

ming problem results,—

—

Maximise N.I.W. = AP - LP“BP - XP_ - | (8
| © APy - MPUBP, X | ®)
subject to,
GP<T - o (9
P,X >0 ) Qo)

where,
A = an n x 1 vector of regional demand interceptc,

B = an n x n matrix of regional demand price respcnse
coefficients, '
X = an n x 1 vector of predetermined regional supply”

quantities,

-éj In the Takayama énd Judge cortext, the problem is finally specified in

a primal-dual formulation and'Py and Py are specified with slack
activities (i.e. P =py ~ W, P,'= px + v) to insure quantities in the
dual which are non=negative. 1In the present formulation these two

. characteristics are not described for the following reasons. First,
the primal-dual formulation is not needed for our solution algorithm
described in Cutler and Pass [7] which insures that the Kuhn-Tucker
conditions for the model are met. Second, in programming the model,
we found that there was no danyer of non-positive quantities in the
dual. Thus, for simplicity, tle slack activities are omitted although
they were included in the orig: nal specification, see Zwart [29].
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Py = an n x 1 vector of regional demand prices,
Px = an n x 1 vector of regional supply prices,
P = the 2n x 1 vector [Py, Px]; |
(e = an n2 X n transfer matrix [G;, G;] of the fdrm
[ -1 |
1 -1
1 -1
1 -1
1 -1
1 -1
1 -1
1 -1
1 -1

which relates regional'pfices to transfer costs,
and T = an n2 x 1 veétor of transfer costs.

In the present model, (8) and (9) are adjusted to add the stock
considerations described in (4), (6) and (7). This results in a primal
quadratic programming model presented below in (11) through (15) which

optimizes a net indirect welfare function adjusted for the storage activities.

: c s s f s
Maximise N.I.W. = AP - % B°P + A°P - 4 B°P - X'P - X°P 11)
Maximise By %Py y y éPy y x x (11)

"~ subject to,
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GP<C | | 12)

GP <D ' ’ (13)

GP <E ’ (14)

GP<F _ ‘ (15)
P, x5, x> 0

where the symbols are as defined above.

The modél becomes recursive by sbecifying alternative demand, stock
and supply relations estimated‘for the various periodsb(quarters). Then,
closing stocks froﬁ period tfl are inserted into the Xi objective function
elements for period t and actual or generated prices (depending upon the
quarter) from period t-5 are fed back into the ﬁehavioural supply equations

to predetermine regional supply quantitiés in period t.

4.0 - Behavioural Equations

Behavioural equations analyzing regional supply, demand and
stock response were estimated econometrically from quarterly time series
data observed from 1961 through 1971. For the purposes of this paper, a
- discussion of the basis for specificétidn of the econometric equations will
not be presented. However, the estimated equations for the United SFates,

Eastern Canada and Western Canada are presented below.

4.1 Behavioural Supply Eduatioﬁs :

Following the érgument of Fox-[ll] that quantity supplied in a
period is 1arge1y.predetermined because of lagged épecificationé of price
expectations, the regional supply functions are estimated using ordinéry

least squares regression methods. All three supply models are estimated
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using distributed lag specificaﬁions with lags as éxpiained below. Empiri-
cal estimates of the structural coefficients are presented ip Téble 2.
Variables incigded‘in the supply models are~identified as follows:
o Dependenf variable is Quantity of hogs siaughteted (millibns‘of
1bs. éarcass wt.) in a fegion, |

PH is slaughtér price of hogs lagged.fiVe quarters. In the

t-5
' U.S. model, this is specified as the average of seven
market prices for barrows and gilﬁé as reported in [27]
adjusted to Canadian dollars and converted to carcass
_weights. vFor the Eastern and Western Canada models, it is
specified as the Toronto énd Calgary pfices of index 100
hogs‘as reportéd in.[4].

PF

=5 is a feed price variable included in the U.S. and Eastern

Canadian mode1s. For the U.S. this variable is specified as
a weighted price per ton of hdg feed (.88 times corn price
plus .12 times price of 44% soybean meal at Decatur;
Illinois) derived from [26]. For the Eastern Canada mbdel,

- PF is an average of feedgrain prices in Eastern Canada
.derived from [1] and.[23]. |

Fs is included in only the Western Canada model as a measure

t-5
of feedgrain availability in that‘region._ It is specified
as stocks of wheat and barley on farms in the Prairie

Provinces at March 3lst as repofted in [23];



Table 2

Estimated Structural Supply Equation

Estimated Coefficients

- . (t-statistics in parentheses) -2
Region Intercept R
Py s Flees FSes B Bea
United States First Quarter 630.150 18.55% -1.40 =16.25%%% .617* .904
' _ (3.30) (-.28) (-1.31) (5.04)
-Second Quarter 547.150 ' ,
- Third Quarfer. "476.260
Fourth Quarter 1,096.450
' Eastern Canada  First Quarter 10.487 1.148% ~.149 -.372 . 746% .95
- ' ' (4.42) (-.50) (-.45) (7.85)
Second Quarter 3.293
Third. Quarter 9,343
Fourth Quarter 20.731
Western Canada  First Quarter 9.240 1.21% (388 -3.74% .559% .86
_ ‘ (2.71) (.83) (-2.51) (5.10)
Second Quarter 4,442 : o
Third Quiirter -13,112
Fourth Quarter 10.035

* Significant at .0l probability level
*%% Significant at .10 probability level

-9'[_
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BPDt—S’iS an opportunity cost véfiable inclu&ed to measure the
effects ofAéhanges in beef prices on hog pro&uction in
each region. For Eastern‘and Western Canada ﬁhis variable
is specified as the margin between good feéder and'good
slaughter steers at Tofonto and Calgary respectively, as
reported in [4]. TFor the U.S. model, tﬁe variable is
specified similarly for éhé Omaha market [27] in Canadian
dollars.

QSt_1 is the quantity supplied in each regionAlagged one‘périod.

This variable completes the distributed lag spécification.

In additibn to these variables, slope and intercept dummy variables
were also included in thé equations to test hypotheses about seaéonality of
production. Seasonal dummies on the direct price response coefficients were
tested with pértial F statistics and the hypothesis that there was séasonal
variation in price response was not accepted. However, the seasonal inter-
cept dummies resulted in highly significant partial f statistics (at the
one percenﬁ level in the U.S. model and at the five percent level for both
Canadian models). These provided the estimated quarterly intercept terms

indicated in Table 2.

4.2 Behavioural Demand for Consumption and Demand for Stbck Equations
Quarterly demand and demand for stock equations were eétimated

simultaneously for each region as it was.hypothesized that both quantity

consumed and quantity held in stock are, in part, related to current period

prices. The demand for consumption equations are specified on a per capita
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basis with exogenous variables included relating prices of competing ﬁeat-
commodities and aggregate per capita income to per capita consumption.

Since per capita consumption is not available on a rogiooal basis in Canada,
.an aggregate pork demand function was estimated, which was finally;disag-
gregated to the tﬁo region levels based on regional population. The.latter,
disaggregated consumptioo‘functions were usod‘for the stroctufal,equations
in the spatiai_model.

The demand for stocks models were specified as distributed‘lag
equaoions wifh anoexogeoous variable included to measure stock responsé to
~ the relative number of’hogs slaughtered in a gi#en pefiod;
Empirical‘structural parameters of these equaﬁions'from two stage
| leastvsquares regressioﬁ are preéented in Tables 3 and 4. The ;—statistics
reported in Tables 3 and 4 are the unadjusted two stage least squares t
vaiues. ‘The équations were‘also fitted uoing ordinary,least squares.

Both the structural coefficionts ahd the tvvalﬁes were oearly idon£ica1
. for the two procedures.’ Thus, we asoume ohat any'bias introduced by the
siﬁultaneous procedure is minimal.

Variable specifications for the demand and demand for stocks
equations‘are as follows.

' Dépendent variable is qoarterly per capita consumptioﬁ'of pork
in ibs. as reported in {27] and [3] for ﬁhe U.S. and
Canada demand functions resoectively. The dependent
variablo for the stock eqoations is the end of quartér

.col& Storage stocks held in a region as reported by t27]

"~ and [3] for the U.S. and Canada respectively.



Table 3

Estimated Structural Demand Equations

Estimated Coefficients

Region ' Intercept = (t—stat;stlcs in p;rentheses) . R
. N > b Y
‘United States | First Quarter 10.457 : -.213*  .099% .018%%% 2.195% .98
C ” . ' (-26.29) (4.91) (1.49) (22.98)
Second Quarter 9.840 ‘ '
Third Quarter 10.136
Fourth Quarter 11.334
Canada ' First Quarter 14.785 -.219% 2.175% .94
: o , , ' - (~16.72) .(19.76)
Second Quarter = 14.354 :
Third Quarter . 14.517
Fourth Quarter  15.043

* Significant at the .0l probability level
*%% GSignificant at the .10 probability level

- 6T -



Table 4

Estimated Structural Stock Equations

Estimated Coefficients

Region : Intercept (t;statlstlcs in pgrenthgies) : RZ
h . % t-1
United States  First Quarter 5.992 . -3,827% .109% .278% .89
(-4.14) (6.19) (2.77)
Second Quarter 2.632
Third Quarter ~92.932
Fourth Quarter ~61.101
Eastern Canada  First Quarter 1.767 -.124 .687% .060%% .83
’ (-1.16) (5.30) (2.17)
Second Quarter .231
Third Quarter =5.390
Fourth Quarter -2.780
Western Canada First Quarter -.730 -.041 L W21 7%%% .105% .86
. ‘ (-.51) (1.64) (5.15)
Second Quarter -.160 :
Third Quarter -4,984
Fourth Quarter -3.125

-oz—

o Significant at .0l probability level
*% Significant at .05 probability level
*%% Gignificant at .10 probability level
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.Ph is current wholesale price of hogs as-obs;réed»in the supply
models. | | |
vais priceof‘broilers in retail stores in urban areés (convérted_

to Canadian dollars) as reported in [28].

Pb is the Whplesale price*of.fresh choice steer carcasses 60@
‘to 700 1bs. at New York (converted to Cénadiaﬁ dollafs)i
as réported in [28].’ | |

Y is per capita diéposableviﬁcome measuredvin Canadianvdollaré.

Qs is the quantity'slaughte£ed during a given<quart§r;in each

region. | |
bEI is the ending stock of cold stbrage>pork products in each

t-1

region at the end of the previous petiod.

As with the supply functions, seasonalvdummy”siopg and intercept
variables représenting the four quarters wére specified for both thé éemand
and demand for cohsumptipn equations.i Paftial F;étatisfics fof the slopé'

. dummies wére not significant,'but the intercept dummies was significént at
the one percent érobability ievel for botb U;S{requations, and at th; five
percent level for all the Cénadian equations. These resulted in fhe

quarterly intercepts reported in Tables 3 and 4.

5.0 o ValidaFion of the Modei‘

The model was validated over twelve periods from the beginning
of 1968 through the end of 1970 by comparing generated to actual regional
prices, consumptidn, production, trade and stocks. As the North American

‘pork sector does not exist as a closed system, trade with other regions was
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treated exogenously byvadjuSting regiohal éupply funcfions for trade
levels with other.countries.v

Results of the validation procedure are presented below. Actual
and generated price, consumption and trade 1eveis are included in Taﬂle 5.
Production and stock levels are presenfed in Table 6. These are also shown
graphically in figures 2 through 6. For each enddgenous.Variablé‘and
region, an inequality coefficient (U) as;defined by Naylor [20] was esii—
mated as a measufe of the predictive power of the model. These are includéd
in the Tables.

It is clear that the model was able to predict ali the major
cyclical turning points over this period. Also, the relatively low inequélity
coefficients aré indicative of the model's ability to predict actual 1eveis

of the endogenous variables.

6.0 ' A Policy Experiment

As one possible application of the model, an experiment was under-
taken to measure the impact qf a change in tariff policy‘ove: time. The
éxperimeut concerned reduction of tariff charges between tﬁe tvro couﬁtries.
Prior to 1968, tariff levels for pork were $1.25 per hundredﬁeight for
products ﬁoving into both countries. Beginning in l968vthese'1evels_were
reduceq‘according”to agreements reached under the Kennedy unﬁd of G.A.T.T.
negotiatiohs to a level of $.50 per hundred over ﬁost of the pefiod through
- 1970. Ourvexperiment was_aiméd at determining the effects of a change in
tariff charges on all epdogenous variables in the model as wéll as on con-

7/

sumer and producer welfare in each region.—’ To carry out the experiment,

7/

- =’ gince the prevailing tariff charges over the period were reiatively
negligible the experiment was conducted assuming that tariffs were
eliminated completely over the period, -



Zedle %

Aetuid and lenztatzt wegional Prices, Consumption and Tucdas

o

Pricoa (L8/cwti)

Comsurptica {H. 1ba)

- Baporta Prom Of, 1ts)

sriod .United States 'Fastemn Canad:s ‘Western Canada | United States Conada United States | Canada
Gener= | Gener— Gener~ Genex- Genor- . Genog- | Cene r
. Actual aced ‘Aetual ared Actual ated Actual ated Actual oated fetual ated ’ﬁctuai ated
68 : . |
uvarter 1 $27.38 §27.51 $§28.23 $28.91 $24.62 826,00 3281 3305.9 272.4 270.8 3.17 ) 14 .06 8.8
' 2 127.93 29.68 28.569 32.25 24.66 29.34 3203 3125.8 261.3 260.3 2.64 .S58 16.63 11.8
3 29.31  3C.74 33.59 32.55 29.80 29.64 3219 3159.6 {249.9  255,7 11.94 0 12.20 s.o
4 26.20 29,14 33.60 31.70 30.37 28.79 3573 3474.6 260.3  272.8 18.67 23.19 11.35 $.0
warter 1 29.06 30.98 - 33.61 33.54 29.77 30.63 3403 3259.2 248.1 260.8 26.462 25.27 12.00 16.0
T 2 }132.87 33.16 34.19 35.72 30.380 32.81 3253 3137.5 250.4 248.6 [18.02 13.45 14.96 12. 4.
3 37.862 37.05 37.13 38.98 35,11 36.07 3143  3125.7 238,7 250.0 11.29 -9 10.46 7.9
4 37.40 34,26 "37.81 35.81 35.67 33.91 3352 3456.9 261.1  283.5 11.26 9.53 10.66 8.3
970 3 .
Jjuarter 1 38.88 34.58 38.34 37.14 35.01 34.23 3103 3296.9 263.2 . 258.7 5.58 5.458 12.42 9.4
2 133.75 - 33,34 33.40 35.81 32,95 32.89% 3215 3218.8 [259.1 255.8 2.94 -0 17.42 1.7
3 30.72 33.¢%8 3G.85 34.78 27.18  31.87 3346 3188.2 280.3 261.0 5.53 ] 15.73 9.8
5 22.32 28.39 26,99 ° 31.26 23.15 28.35 | 32885 3624.9 303.4 297.0 . 7.78 0 12.93 9.6
¥ coefficient L0484 .035 043 .019 <0158 239




Table ¢

Actual and'Génerated Production and Stocks

o  Pfoduction (M. 1bs)

Stock (M. 1lbs)

Yeriod United States Eastern Canada ' ~ Western Canada -Uni ted Siates Eastern Canada Weétern Canada
Actual Generated | Actual Generated | Actual Generated | Actual - Generated |Actual Generated | Actual Cenerated
1968 , '>'. g :v, . . . L S ,
‘Quarter 1 '.‘3197'* 3262.2 177.83  178.52 110.22  110.83 306 336 12.21 15.21 10.92 11.79
2 3118  3011.7 165.27 165.62 [108.67 107.19 326 311 11.71 16.61 10.81 12.47
3 | 2998 2948.3 .150.37 161.72 90.53 91.66 197 197 8.34 11.67 5.25 6.15
‘ 4 3554 7_3476.1 159.44 160.25 '92.60 ©98.88 256 261 7.11 10.91 6.56 7.40
1969 | - N | | | o o
Quarter 1 13351 3259.4 1153.79 155,32 94.64 96 .04 270 316 11.01 14.42 8.82 9.72
2 13137 3038.1 |148.80 145.81 | 98.98  97.9 246 303 [11.51  14.45 [10.29 10.91
.;3 2986 '2902.5 147.09  149.57 81.76  87.79 174 166 : 7.67 . 8.67 5.42 5.15
4 3300 3440.6 166.55 162.97 | 91.75 101. 44 211 229 8.07  8.66 7.06 7.28
1970 | s | o |
Quarter 1 3056 - 3268.6 166.47 162.50 © [107.25 107.88 268 294 [11.91 12.85 8.60 10.80
: 3133 3114.9 159.68 156.88 120{29  114.15 304 296 . 14.35 - 14.01 13.18 12.85
3 }3154 12989.3 164.61 160.59. 108.12 = 105.10 210 185 11.54 ‘ 9.56 6.67 - 7.56
& , | 3905 3611.7 178.18 ’179;44 - 1138.52  132.49 336 273 15.28 10.67 ' 11.59 = 11.28
Coefficient "
of . " _ , '
Inequality - .021 - .013 021 .059 .125 - 053
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the model was run with and without tariffs for each of the twelve quarters

in these three years.

6.1 Effects onvEndogenous Variables

| Iﬁ a static equilibrium framework, a reduction in‘tafiffs would
have the éffeét of iﬁcréasing trade between the two countries. This, in
turn, would‘increase pricesv(and production) in the U.S. and décrease
prices‘(and production) in‘Canadaagl " In the preseﬁt case, éince‘supply.
in a given period is predetermiﬁed through the'lagged price response’func-
tion, initiél price ghaﬁges occurringufrom changes iﬁ tariffé would Be
expected to have reﬁercﬁssions in‘later periods. This'is bo;nexout in
Tables 7 and 8 where the results of the twelve period analysis with énd
without tariffs are presented. Iable 7.indicates that abolishing tariffs
caﬁsed the model to generate increased exports from the U.S. in some early
periods. These»reéulted‘in price changes as expected. However, because
of the lagged érice response, pricé changéé in early periods Caused produc-
tion to incréase in the U.S. and to decrease inVCanada in 1ater.peri?ds'
as indicated in Table 8; Thus, the change in tariff poliéy, in fact,

" affected later periods in a manner which was opposite to static expectations.

6.2 Effects oﬁ‘Pfoducer and Consumer Surplus

Following the above analysis, the statié expectationé concerning
changes iﬁ priceé and productionlfromva decrease in tariffs»woﬁld lead to
static'expectations of gains in economic surplus for'conéumers in the

importing region.and producers in the exporting region and losses in

8/

- =/ This is due to the fact that Canada was on a net import basis during
the period. ' ' ‘



Prices and Trade With Continued Tariff and No Tariff

Table 7

Rrices ($/100 ib)

« United States

Exports From

30.36

) _ Eastern Canada Vestern Canada U.S. to Canada (mill 1b
Period Taxriff No Tariff Tariff No Tariff Tariff No Tariff Tariff Ho Tariff
Quarter 1| 27.51  27.51 28.91  28.91 26.00  26.00 0 0

2| 29.67 .. 29.63 32.37  32.25 29.46  29.34 0 .59

30 30.74  30.74 32.56  32.55 29.65  29.64 0 0

T-4| 29,02 29.14 32.83  31.70 29,92 28.79 17.83 23,19
Quarter 1| 30.31  30.98 34,71 33.54 31.81  30.63 22,09 25,27
2] 3313 33.16 36.94  35.72 34,03  32.81 12.77 18.45

3} 37.00  37.05 38.98  38.98  36.07  36.07 0 0

4| 34,12 34,26 37.93  36.81 35.02  33.91 3.00 9.53

Quarter 1| 34.49  35.58 37.72  37.14 34,81  34.23 0 5.45
2| 33.62  33.34 34,81  35.81 31,90 - 32.90 0 0

3] 33.87 33.38 33.51  34.78 30.6 31.87 0 0
4] 29.23  28.99 31.26 27.45  28.35 0o 0

- 97 -




- Teble 8 : ‘ ' :

Consﬁmption and Production With and Without Tariff

Consumption (mill 1b) . " Production (mill 1b)

. United States Canada United States Eastern Canada . Western Canada
Period Tariff No Tariff Tariff No Tariff Tariff No Tariff Tariff No Tariff Tariff Yo Tariff
1968 '; : - ) : | | B | - - ,‘
Quarter 1 3305 ' 3305 270.79  270.79 3262 3262 178.52 178.52 110.83 110.83

2 3126 . 3127 259,71 260.29 3011 3011 165.02 165.62 107.19 107.19
3 3159 3159 255.64  255.68 2948 2948 161.72  161.72 91.66 91.66
4 '3474 3479 267.63 272.80 3470 3476 160.25 160.25 98.83 98.88
Quarter 1 3259 3262 - 257.75 260,80 3259 3259 . 155.32 155,32 96,04 96.04
2 3137 3138 243.03> 248,60 3038 3038 145,81  145.81 97.94 97.94
3 3125 . 3128 240.94 240,98 2502 2902 149.71 149,57 87.96 ~ 87.7%
& 3456 3463 253.45 263.46 - 3440 3440 - 163.52 162,97 101,55 101.44
1970 o . | |
Quarter 1 - 3286 - 3301 256,04  258.74 3é66 3268 164.19  162.56 169.31 107.88
| 2 3215 3203 260.44 255,81 - 3112 3115 159.56 156.58 116.38 114.15
3 3188 3193 272.29 - 261,11 2987 2989 - 164.21  160.59 107.83 105,10

&

3624 3614 . 301.45 297.24 3608 3611 182.15 179.44 134,02  132.49
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economic surplus to producers in the importing region and consumers in the
exporting region. - |

In Table 9;-we present percentage changes in consumer snd producer
snrplus in each region and period which resulted from removal of the’tariffgg/
‘This informarion indicates thet'in,earlf periods; the model'provided results
consistent with static expectations. However, when productlon responded to
early perlod price changes in 1ater periods, the welfare effects were dif-
ferent than would have been expected from static analysis.

7.0 Conclusions and Suggested Further Applications
' of the Model

:The'analysis above leads us to the following two conoluslons.
Our basic hypothesis in undertaking rhis analysis was that the
North American pork sector behaves competitively. This hypothesis led to
vthe'specification of a competitive.spatial*eqoilibrium model. Validation.
of the model in,section 4.0 indieates thatfa high degree of reliability is
attained by the model Althongh the inequality coefficients do not provide
a rigorous statlstlcal test, thelr levels are sufficiently small to suggest
thet a competitlve model can be used to represent the market and therefore
that the competitive hypothesis can be accepted.
| A second coneluSion concerns the observed impacrs of'a policy
change orer time when the sysrembaffected has dynamic elements. Analeis
in section 6.0 snows that when interdependence between time periods exists;
the effects of a change in policy can be substantially different than static
‘analysis would lmoly; We resist a temptation to a;temnf'to generalize our

results here since tﬁevcomplete reversal of the effects of a tariff'policy

o/ Formulas for calculating consumer and producer surplus are presented in
zwart [29]. :



Table 9

‘Percentage Loss or Gain in Producer and Consumer Surplus

From A Tariff Decrease of $1.25

Pnited States

HWestern Canada

Bastern Canada

-c75

Consumer' Producer Consumer Producer Consuner Producer
Period Surplus Surplus Surplus Surplus Surplus Surplus
2968
Quarter 1 0 [ 0 0 0 0
2 =02 +.03 +.41 ~41 +.42 -.37
3 0 o +.03 -.03 +.03 -.03
. & -,29 +.41 +3.61 -3.92 +3.78 -3.56
1963 ' : g
Quarter 1 -.18 +.22 . 43.95 -3.85 +4.11 -3.48
2 -.08 +.12 44,28 -3.72 +4,51 -3.41
3 -.13 +.14 0 -.19 0 -.09
L& =350 +.41 +3.72 ~3.38 +3.94 -3.39
As7c " - : . -
, Quarter 1 -.23 +.32 +1.98 -3.04 42,09 c=2,62
| 2 475 -.76 ~3.48 +1.11 -3.71 +.94
3 -.30 +.39 =433 +1.49 4,55 +1.48"
4 +.58 T -2.73 +2.02 4,53

-.63 -
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change in later periods resﬁlted from a lack of trade in these periods.
However, the observed effects over time are importaﬁt enough to conclude
that consideration of the temporai linkages of markets are basic to assess-
ing the economic impacts qf decisions made by policy makers.,

Since the ﬁ§de1 reflects the spatial structﬁre of the sector and,
at the same time, includes several exogenous variables in the underlying
behavioural équations, a number of addiﬁibnal applicétions.can be suggested.

First, the model can be used to evaluate the effects of any
structural or policy chaﬁges which would influence the éupply or demand
functions in any of the regions. Examples presently relevant in Canﬁda»
would inﬁlude changes‘in any of the foilowing: the FeedvFreight Assistance
Prograﬁ, formula pricing of feedgrains, proposed pork supply control programs,
or price ceilings on pork or pork substitutes; The recﬁrsive nature of the
model allows analysis of these changes not only in static terms, but also
in terms of their affects over time and at particular points on the lag
cycle;

second, the recursive nature of the model will also allow it to
be used for short run bredictionsﬂof price and production pattern. It's
predictive ability will be partly dependent on extrapolation of trends in

the exogenous variables.,
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FARM HOG PRICES
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Figure 3

CONSUMPTION OF PORK
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Figure 4

CANADA - U.S. TRADE
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Figure 5

HOG SLAUGHTER
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Figure 6

COLD STORAGE STOCKS OF PORK
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