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' STABILIZATION WITH A DEFICIENCY PAYMENT PROGRAM - SOME
* THEORETICAL CONSIDERATIONS AND EHPIRICAL

ANALYSIS FROM THE CANADIAN SITUATION

Canada has recently embarked oﬁ an égriculfural stabilization policy
which includes a number of individual commodity programs. These rely on de-
ficiency payments as the ?oliby instrument. ‘To date programs have been intro-

duced for Canadian beef cattle and hogs. Given the economic environment in

which Canada's agriculture exists, there are a number of considerations which

'are‘important‘fdr the analysis of long range costs and benefits of these pro-

grams. Fipst, when'trade in livestock ﬁroducts between Canada and the United
States occurs, we are faced with an open economy‘gituation in which only one
partner is participafing in.the'ptogrambl/ Second,’sin@e Canada represents
bnly a fraction of‘thé total Worth American market for pork and beef (approx-
imately 10 percent), Canadian prices'a:e establishedbexogenously.v Therefore,
any supply responéeiresnlting‘fiom the Canédian progrém'will have little

effect on theée prices. Third, the cyclical nature of the markets for live-

stock means that the effects of the programs camnot be measured instantan-

;eouslyQ Rather;vthey must be measured over time in a lagged adjustment frame-

 work.

VA number of recent studies havé ﬁnalyzed ﬁhe costs and benefits of-
commodity.pricé §tabilizatioﬁ. Most of theée studies héve started from one
of several premiéééqéhich limit the applicability of ﬁheir results to the
anaiysis of costsband benefits of programs of the type developed in Canada.
These limitations include: first, a closed ecdnomy approach, e.g.-Massell,

Turnovsky and Jﬁst; or, secdnd, an open economy approach which includes parti~-



-

2

cipati;n by‘ajnumber 6f frading partners,ve.g. Huéth and Schmitz. Ea¢h of these
sfudies'§onsiders costless inventory management ésvthe only poli¢y instrument,
and,‘with the exceptioﬁs of Turnovsky and Just,‘assumes instantane@us adjusﬁe
ments of,produéfion to price changes.

| The resulte of these studiés, in essence, are that commodity price
stabilization‘léads to net gains to all participants in tﬁe market provided com-
pensation is made by the gainers to the losers. Thé-éodrce“of instability is
crucial in deterﬁining Qho ave the gainers and»losérs. nSpecifically, producers

in an open economy benefit from coﬁﬁodity-price sfabilization achieved through

‘costless international stock management when the instability is generated by

fluctuating yields or costs of production in that country. Consumers in all
economies and other producers lose. Ccnversely, consumers gain from similar

stabilization measures when the source of fluctuation is their demand function;

‘consumers in other economies and producers everywhere lose.

The welfare implications of these conclusions seem applicable to the

Canadian hog ecoremy. Assuming that North American pork prices are determined

in the U.S. market, they svggest that it weuld not be in Canada's interest to

join with the U.S. in a price stabilization program. However, the policy in-

strument currently being used is not costless international stock management

but, as stated abeve, a deficiency payments program implemented oﬁly in Canada.

‘Hence, the direct application to the Canadian hog economy of policy conclusions

stemming from existing welfaré analysés may be‘ﬁisleading.

‘ This paper, therefore, has three objectives;‘ The first is to extend
'the framework of the studies cited above to evalqéte the potential net economic
benefits of programs such as Canada's. The’seéend is to show,iwith an‘empirica;

analysis of price and margin deficiency progrems for the Canadian pork sector,
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the actual benefits resulting from such prdgrams. ‘The third is to compare the

stabilizing effects of these two policy instruments. .

Welfare Analysisipf Stabilization with a Price Deficiency Payment Program

The following model repfesents a commodity mérkét‘in'a:coun;ry:thét ié
a’nei exporter §f'thé.good, It is aséuméd that‘price is determined exogenously
and that only two vaiues fo and P1 perta1n'cyclica1ly. ‘Furthermpre, production:
takes élace with a time.lag of one period. |
(1) Demand : ,qtd =A-a Pt€ '

(2) Domestic Supp;y:' qts = -B‘+bb Pt*:
(3) Price Expectations: ft* = Pt—I’

(4) Exogenous Price: ' L

t Pl‘v,
The objective of this seétion‘is to épélyée the‘iméact on producer

sﬁrplus of thevimplementation of a pricerdeficiency“ﬁayﬁént program in the situ-
ation where domeéfic érice depeﬁds solely on the external price. To obtain the
usual.measure of pro&ucer”éurplus'at a given level of output (namely, total
revenue less total ?ariable‘cost), equation (2) has to be rearranged to express
cost as a fuﬁctioﬁ of the planned level of output.gj Substitﬁting equation
(3)'info equation (2) and rearranging gives, | | |
(5) MC_=P 5 =1/bq°+3B/b | |

= 60 q#s + Bl where BO = }/b and Bl = B/p@
Hence‘total(yafiable‘costs‘at time'périéd t are,
) c, = sl (8, + 8y a) dg. ¥ |
Producer surplus is défined as

.p= -
,st Pt qt . CF
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Pt q - fot (B1 + BO q) d%‘f
which, after‘integration and substitution of equation (5) yields,
P - 2 |
M sFP=q @ -2 _)+8/24q,° |
From equation (7), the value of producer surplus may be calculated for any level

of output.

-1 P0 in Figure 1A, then

=qy from equatlon (2). However, since there is a production lag, by the

Suppose that in the first time period P

It

time the commodity is marketed, the second time period price has risen to

P Pl and producer revenue is actually P

¢ 94 and not that anticipated, P 0

1 -
Since costs are based on the planned 1eve1 of output they are unchanged at C

and equal to B 4 + 6 /2 q12, The first term in equation (7) is al and the

1

second is 2, (Figure 1A). 4/ Therefore, producer eurplus when P1 pertains,
sti, is given by,

P
(8 8¢ =8 3,

Now, in the second period producers_reSpond to Plfand the level of

~output is qy- By the time 9, is marketed in the third time period, price has

fallen to P, = PO._ Mnticipated revenue of P

1

costs remain at 02 (equation 6). In equation (7), the first term gives the

qziis~not‘realized while total

arsa -(al + a, + bz)_and the second term gives a; + a, + a,. The algebraic sum

-of the two yields,

P . -
¢ Sf (a »2).

Assume now that a producer price deficiency payment program is in-

" troduced such that producers receive the payment whenever the market price

falls below the guaranteed price. Let the guaranteed price be Pg. The model
as represented by equations (1) - (4) then needs to be modified. Specifically,

equation (3) becomes,
: :



Pt 1 P, 2P

i
, ZP otherwise,
and an equation is added 1nd1cating the tax costs of the program,
') = (P - 8 - "
(4 )"Tt (Pg th) q .

-iEigure 1A has been‘mOdified‘to accommodate the program (Figure 1B).

Producer surplos may egain be obtained for the two situvations. Corresponding

‘to equation (8), the new surplus when thevguarénteed price is operating, Sg ;, .
. ]
is,
P _ ; - .
(B s 1Ay tag tay tag ta,

and produce

For the second time period, when producers respond to Pl

an output of 4ys the surplus S P is,
v g,2

P, 4+a -
" Sg,2 a9 + a32 + ay bzz.

The gains to producers from implementation of the program may be ob-
tained‘by comparing equations (8) and (8') and equatioﬁs (9) and,(9')
b .- . , -
ST teaptaytapta T3y T 3 T2yt

P _
a0 s ¥

P_g Do, 4, - b -
an s 8,2 Sg,0 = Bp At B~ by~ Y + b21 Pa2 * bza

= a5+ agy + by + by,

Since it has been assumed that these two‘situatiOns occu:‘equally

~often because of the two ﬁeriod price cycle, the net gain to producers from the

Q12) 6P = 1/2 (a;, + a + 2a

an 1= @By ap

schrme, c? is,

32 ¥ bz +byg)e

However, the tax cost must be recognized. In Figure 1B this cost is

)e

given by the aree‘(alz + . a.,, + b21 +~b23) since,

32

The net benefit to the economy is then the difference between the net



benefit to prOducers and the tax cost. i.e.;"
G ,“ 1/2 T =1/2 (ag, + a,)-

This area is clearly positive and it is possibleltoﬂconclude that for»this model
and its assumptions the implementation of a'pricefdeficiencyvpayment ptogram'
benefits producers, increases the tax burden but provides a net gain overall.
b3y)

”Mbreover, it represents foreign exchange gain of 1/2 (a +b

31 * a3y F by ¥

- since exports are 1ncreased'by P (q - ql) in period; (i.e. when P prevails)

1
it should be relterated that the net gain occurs because of producer

response to the deficiency payment program and because of the assumption that

market prices are determined exogenously. Furthermore, the magnitude of the

net benefits and the tax cost for a given response function are dependent.upon .

the level of supportrincluded in the scheme.

~ Empirical Analysis
~We turn now to the task of testing the theoretical results‘of the
previous section in an empirical analysis of potential stabilization programs

related to the Canadian pork sector.’

The Programs_

The Canadian porkistabilization program islrelatively new and hasv
most 11ke1y not reached its final form. There has‘been considerable debate're-.
garding whether a program should base deficiency payments on only price or on
‘ the margin between reyenue and some set of production costs.v Below, two al-
terative programs‘are ana1YZed. Program 1 establishes a guaranteed price at
95 percent of the previous five years' movingvaverage_market price.éj Program
2 recognizessthatvporkiproducersf net incomesuare‘affected by‘variations‘in_"

the prices of factors used in production. By far the nost~important'cost in
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hog production is feed. Hénce, in this program, the level of support is set at
6/

95 percent of the five years' moving average margin above feed costs.~

Nethod;of Analysis

In analyzing a program, we want first to_determine whether its bene~
fits are as thé foregoing theoretical analysi;-would imply. ﬁowéver, it is
also important to assess the magnitude of any such benefits, the tax costs, and,
(particularly’where alternative programs are‘being compared) measures of the
additional stability which results from the program.

To measure the»impact of these programs, we use the quarterly spatial
and temporal model of the Nofth_American pork sector which has been developed
at the University of Guelph (see Martin and Zwart and Zwart and Martin). The
model is a recur#ive-quadratié'programming procedure which predicts quarterly
suppliés of pork in each pf ;hree Nérth American regions - Eastern and Wgstetn
Canada aﬁd‘the United States. The predictions are then interfaced in the
model with carry-pver'éOld storage inventories, demand functions for consump-
tion, demand functions for inventory, and tariff and transfer charges to de-
termine prices, consumption levels, inventory levels and interregional trade
flows. The model is recursive in that the model-generated inventory lévels
are‘carried over into each successive quarter and model-generated prices are
fed through econometric supply equations to forecast»pork supplies in later
periods. | |

Martin and Zwart have shown, by validating this model over a ten year
period, that it is able to appfoximate clésely aétual prices, production, con-
sumption, trade and‘cold storage inventory levels in the industry (see Martin
and Zwart, page 63). |

The'proéedure for assessing the effects of a deficiency payment pro-
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gram is as follows. The model is re-run for an eleéén year period with the pro-

gram in place. In other words, we assume that the program was initiated in 1963

‘and run through 1974, and our objective is to measure the effect it would have

had over this period, given the econometric relétioﬁships included in the modeif
Several procedural stéps are implicit in the exercise. First, the computer pro;
gram calculates thé five year moving average price and margin.zj Second, if 95
peréent of the average price or margin in a given quarter is greater than the

actual market price or margin in that quarter, a deficiency payment is calcu-

 lated. Third, if a payment occurs in a quarter, the support price is used in

the supply equation to forecast supply in later periods through the geometric
lag relationship on ﬁhich the supply equations are based. In other words, we
assume that producers form their expectations and base'their decisions on the
prices they aétually,receive fdrkpork. Fourth, the model solves for prices,
consumption, trade and inﬁentory levels for the subsequent quarters, given the
supply predictions resulting from the deficiency payments. Fifth, industry
gross revenue, gross margin§/ and the tax costs resulting from the program

are calculated. Sixth, the level and fluctuations in a number of variables

are compared to the model's results with no program to assess the programs'

impacts.

This procedure deviates from the theoretical analysis presented above
in several ways. First, the theoreticél analysis assumes that prices are gen-
eratéd exogenously and, therefore, that excessldemand is perfectly elastic.

In the-quadratic progranming model, excess demand is sloped but is extremely
elastic.gj‘ Moreove:, it was assumed that priée,féllowed'a two period cycle.
This assumption is, éf course, relaxed in the model.

Second, the supply equation included in the theoretical model
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(equation (2)) implies é simple}expectatibns hypothesis whiie the supply equa-
tions inéluded_in the recursive model are 6f the geometricaliy distributed form.
Furthermore, the expectations hypothesis is applied to other'variables in the
supply eduation besideé.hog prices. While this fdrmulatidn does not alter the
nature of the analysis, it does make calcula;ipn of producer surplus difficult,
as will be noted below.

Finally, the theoretical analysis'tréated the case in which the
country administefing the stabilization program is viewed as a single homogen~
eous région. The empifical analysis separates Canada into two regiomns. The
major reason for this is the institutioﬁal nature of the feed grain market in
Canada which has substantially different effects on livestock supply response
in the East and West. Results of the analysis are presented below fqr only
Eastern Canada since it represents approximately 60 to 70 percent of Canadian
production; |

Results of the Analysis

Results of ‘the analysis of the two programs are presented in Figures

2 through 4 and Table 1. Model-generated ma:ket’prices with no program and

the deficiency programs do nocvdiffer (Figute 2)f Hence we can conclude that,
because of the extremelj elastic excess demand.facing Canada, the modél approx-
imates the situation in bur‘theoretiéal analysis of.exogenously determined
mafket prices. |

. It is clear that the two programs would have resulted in substan-
tially different deficiency paymeﬁt patterns;‘ With Program 1, payments wduld‘
have been made‘in 1967f68 and 1970-72 (Figﬁre 2A). Prdgrém 2 would have re-

sulted in payments in 1963~65, 1967-68, 1970-71 and 1973-74 (Figure 2B). Under
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this program smaller payments'would have been made in 1970-71 when both hog and

feed prices were low. However, substantial payments would have been made in
1973-74 when hog prices were relatively high, but feed prices were at record
levels. |

The patterns of deficiency payments resulting from the two programs

 generate substantially different supply response patterns (Figure 3A and B).

Program 1 would have'resulted in increased supplies of pork during the period

from 1971 through 1974. However, in response to the payments made under Program

2, pork production would have been increased in a number of quarters over the

eleven year period.
- Industry gross margin would have been altered by the program (Figure _
4). Gross margin is calculated by subtracting feed costs, based on 800 pounds
10/

of feed per hog and actual feed prices, from gross revenue.~—~ Both programs

would have supported gross margins during the cycliéal dovnturns of 1967-68

and 1970~72. However, Program 2 would have added to gross margins during most

- quarters in the early 1960's and, more importantly, during the last quarter of

1973 and the first two quarters .of 1974,

The above results show the effects the deficiency-payments programs
would have had over this period, and confirm our assumption that the programs
in Canada would have had no effect on market prices for pork. However, they
are not sufficient tobconfirm the results of our theoretical amalysis which
suggests that the net economic benefits of such a program outweigh its costs
and that exports would be increased. In Table 1, the total tax costs, net

benefits, in terms of industry gross revenue and gross margin, and the net

| change in exports are presented for the two programs over the period analyzed.

Due to the formulation of the supply equation for Eastern Canada, it is not
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possible to estimate prqddcer surplus. However the chenge in gross margin may
be a reasonable epproximation. Obviouslytthe use of gress margin as a proxy for
producer surplus assumes that the marginal‘costs of hog production ere constant
and equal to marginal feed costs. Hence, the use of gross margin overestimates
producers surplus in both the pregram and no program cases. However, the analysis
would suggest that the additional gross revenue and gross margin generated by
the programs exceed their tax costs. These results clearly occur because the
increased supplies resultiﬁg from the deficiency payments in pefiods of low
market prices, reach the market and are sold domestically or exported in later,
higher price periods. Mbreover‘ in the case of Program 2, the net benefits are
probably mis-stated since the largest deflciency payments would have occurred

in the last three quarters of the period analyzed and would have resulted in
increased supplies, and presumably greater benefits, during later 1974 and 1975.
On the other hand, the import‘restrictions on Canadian pork which were enaeted
by the U.S. Government in dctobef of 1974 might have caﬁsed a depressing effect
on Canadian market prices during this period since access to the U.S. market is

limited.

Comparison of the Stabilizing Effects of the Price and
Margin Deficiency Programs

One point that has never been made clear by the Government of Canada
in embarking on a stabilization policy is, what is to be stabilized? The ob-
jective could be to stabilize prices received by producers, supply, grose

11/

revenue or gross margin. The two programs analyzed in this paper have sub-
stantially different implicatlons for achieving these alternative obJectlves.

To show this, we present in Table 2, the means (X) of each of the
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variablés mentioned above over the period analyzed ahd the standard deviations
(S) of the percentage change in each variable in fhe séme quarter one year
apart with each program and no program. An example méy heip exﬁlain this, 1In
order to compute (8) for prices received with no program, a distribution was
found by calculating the percentage change in price'between the second quarter
of ;963 and the second quartef of 1964, the third quarter of 1963 and the fourth
quafter of 1964, and so on. Then the standaid deviation was calculated as a
meaéure of variability. Four quarter percentage changes are used to avoid
fluctuations resulting from seasonal factors. '

As would be expectéd’from the foregoing, both programs would have re-
sulted in increased meanvvalues of all four variables and the margin deficiency
program would have increased the means of all variables but supply by greater
amounts. Examination df‘the standard deviations‘iﬁdicates that Program 1 would
have had a greater ’stabilizing effect on prices while the opposite is true for
pork supply. iProgram i wbuldvhave reduced the variation in gross revenue,
while Program 2 would have resulted in a marginal increase in variation.

Both programs would have resulted in substantial reductions in the
variation éf‘gross margin. But the margin déficiency program would have reduced
the variafibﬁ by a greater percentage.

The stabilizing effects of the two programs are clearly different.

It is our feeling that the most important variable to stabilize is gross margig.
This is particularly_true given the recent extréme variability that has arisen
in the feed grain sector - and that which is likely to occur in the foreseeable
future. If the objecti%e of a etabilization program is to provide a more
certain basis upon which producers make decisions, the evidence pfeSented here

indicates that a program which bases deficiency’payments on fluctuations in
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 costs and price, as the margin deficiency program does, may be the better approach

since it appears to result in less variation in gross margin and in supply.

Summary and Conclusions

This paperbhas shown that theoretically, a stabilizaﬁion program based
on'deficiency payments when prices are exogenecely determined can resulﬁ in
economic benefits to society which exceed the tax costs. The theoreticaljre—
sult was confirmed by analyzing the repercussions of two alternative approaches
(price deficiency and margin deficiency program) to stabllization of the
Canadian pork sector over an eleven year period The analysis shows that both
programs would have resulted in additions tojgrcss revenue and gross margin
which were greater than the tax costs of the program.

A thlrd conclusion relates to the stab11121ng effects of the altern-
ative approaches.. Each approach ‘has substantially different stabilizing
effects on a number of variebles. The margin deficiency approech would have -
resulted in greater stability of both pork supply and gross margin. Hence it
can be coccluded that a margin deficiency program is advantageous in an in-
dustry, like the cork industry, in which changes in producers’ net incomes de-
pend on changes in both finai product and input prices. - |

| There is one shortcoming of the analysis which shoﬁld be ﬁoced. One
would expect that if a stabilization program is éffective iﬁ reducing instability
and, therefore, uncertainty, there could Ee albcsitive supply responee to the
reduced uncertainty. With uncertainty, producers tend to diversify their
operations, and the level of investment is affecced by internal and external
capital rationing. When uncertainty is reduced,vthese factors mey become leSS-

important and supplies may be increased for a given price level (Blandford and
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Currie). The model used for our analysis cannot measure the response to re-

duced uncertainty which could result from the programs analyzed hefe. With in-

creasing government iﬁtervention in the market place, it is essential that

. research be conducted to analyze thé sensitivity of supply respoﬁse to reduced

price or iﬁcome uncertainty. On the other hand, the methodology used in this
anélysis provides an estimate of the time path of adjustﬁents in short-run
equilibrium yrices anqudantities which arise from a shqch such as a stabiliz-
ation program;

| ’This analysis suggests that deficienCy’payment;programs could pro~-
vide a feasible approach to stabilization for felatively small economies pro-

ducing primary commodities which are traded in unstable world markets.
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FIGURE 1: Unstable Prices and Welfare
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FIGURE 2: Hog Price, Eastern Canada, .Pi‘ografns 1 and 2, |
1963-1974 ($/cwt.)
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FIGURE 3: Pork Supply, Eastern Canada, Programs 1 and 2,

1963~1974 (Million Cwt.)
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Million FIGURE 4: GCross Margin, Eastern Canada, Programs 1 and
°°11°Z§ 2, 1963-1974 (Million Dollars) : )
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TABLE 1: Tax Costs, Additional Cross Revenue and Additional
Gross Margin from Deficiency Payment Program; 1963-1974

Change 4in
Net Exports
Tax Gross Change in Gross Change in to the
Costs Revenue Gross Revenue Margin Gross Margin United States

1963-1974 1963-1974 1963-1974 1963-1974 1963-1974 1963-1974

M. $) M. $) M. $) M. §) M. $) (M. Lbs.)
No Program - 2,864.1 - . 1,254.1 - -—
Price Defic- ‘ : .
iency Program 36 2,929.4 65.3 1,315.9 - 61.8

Margin Defic-
iency Program 84.6 2,978.6 115.5 1,351.4 97.3

6T



20

TABLE 2: Meaps (X) of Prices Received, Pork Supply, Gross Revenue and
Gross Margin, With No Program and Programs 1 and 2, 1963-
1974, and Standard Deviations of Four Quarter Percentage
Changes, Eastern Canada - '

et
wn

Prices Received

No,Ptogfam v -~ $33.23 - ' B 18.302
. Price Deficiency Program 33,57 o - 15.77
vMargin Deficiency Prdéram - 34.06 | . i 16.30

Pork Supply

No Program 191 M. owt) 8.52
Price,Deficiency Program 1.93. ‘ ‘ | - 7.11

~ Margin Deficiency Pfogfam 1.93 o 7 o 6.97 7

Gross Revenue

No Program  $63.65 (Million) 12.71

Price Defiéienéy Program 65.101' ‘  . e v10;90

Margin Déficiency P;ogfam 66.19 o o - o 12.94
‘GrOSS-Margin ,

Yo Program  $27.88 (uillion) 9.2

Pfiée,Deficienc& Pfogram | 28.97 :A, - :_'» | - , ,31.62

MarginvDeficiency Program 30;93 , , - 27.79




21

FOOTNOTES

During 1974-75 each country has imposed restrictiﬁns on imports from fhe
other. We aSsﬁme_that such restrictions are shorﬁ—run iﬁ nature.

It should be emphaéized that costs are a function bf ihe planned level of
oﬁtput and that this level cannot be adjusted‘instantaneously tb price
change. | | |

The’superscript;pn q, has been dropped for convenience. In,what follows,

_qtd is not relevant since consumer surplus is not altered by the deficiency

payment program.

Since 8o is the slope of the short run marginal cost function, BO = (PO -

2

Bl)/ql‘ Therefore 1/2,60 a4 = 1/2 (PO,- Bi), which is the area a,-

.In bill C-50, which is presently being debated in Parliament, support will

Bé‘established at 90'percent of the relevént series. However, the bill
allows for voluntary top loading by the‘Provincés.‘ iherefore, the level
of support is set at 95 percent in the pfograms illustréted here.
The,support_margin in §ur caée is calculated as 95 percent of the average
difference between the price pér hundred pounds of pork (carcass wt.) and‘
the cost of feed per hundred éounds of pérk-(assuming 800 1bs. of feed/
hog) . . | |

Sinceithere are thvCanadian regioﬁs in the model, the price or margin is
a weighted average ofsprice\or margin in Easﬁern and Wesierﬁ Canada at
Toronto and‘Calgary5 respectively. | ”

Gross margin is defined as gross revenue minus feed cost.

Using the formula e.=¢€D=-¢ S.frovarcutt,'whete €. is the elasticity
: E e I Dy ST o , I o

and €, are the demand and supply

of U.S. import demand from Canada, ¢,
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_elasticities in the U. S., D and S aré-the demand and supply levels in the

.V:U So and I is the level of imports from Canada9 the elast1c1ty of import

10/

11/

demand in the U.S.. from Canada is approx1mately 200'

»Grpss_margln in any'quarter t is based on feed prices in t-1 on the assump-

tion that most of the feed used to'growfand,finish a hog'is fed during the

| quartér_immediately preceeding thé'ohe in which the hog is marketed.

In this case, gross margin is used as a proxy for net income.
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