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ABSTRACT

Exchange rate fluctuations are often suggested as
'~being a major facspr in the determination of: (a) Canadian

agricultural prices; and (b) trade flows of Canaaian agri-
cultural commodities. Yet, in spite of major fluctuations
in the value of the Canadian doliar since the inception of
a flexible exchange rate system in 1970, little work has
‘been done to ciarify the effects of such fluctuations on
agricultural prices and trade.

This study attempted to examine the effects of such
fluctuations by meeting two objectives, -The first objective
was to review tradé theory and exchange rate theory as they
relate to agricultural cémmodity prices and trade flows.
This portion of the study adds to the understanding of
exchange rate fluctuations py developing a conceptual frame-
work within which to consiaer exchange rate fluctuations.

The second objective of the study was to invegtigate
a number of econametric models with a view to determining
whethgr a simple relationship could be demonstrated between
exchange rate fluctuations, Canadian hog prices and Canada-
United States trade flows in dressed pork products since, the

'inception of a flexible exchange rate system in 1970. 1In
meeting this objective, it was demonstrated that the effect

of a fluctuation in the Canada-United States currency

iv




§

exchange rate was got identical te an equivalent fluctuation
in the United States hog price insofar as they affected the
Toronto hog price during the period January 1970 to December
1979. Rather, it was shown that a ménthly fluctuation in
the U.S. hog price was incorporated into the Toronto hog.
price more éompletely and in a more predictable manner than
was an equivalent fluctuations in the Canada-U.S. currency
exchange rate.

When variationsfin Canadiﬁn exports, imports and net
trade in dressed pork products were analyéed, statisﬁically
significant exchange rate coefficients were demonstrated.

In analyzing trade flows for the period &uly 1976 to
December 13979, exchange rate elasticities of 4.45 and 8.46
wege estimated for monthly exports of dressed pork products.
Exchange rate elasticities of -4.74 and -4.71 were esti- ,
mated for monthly imports of dressed pork products during

this 42 month period. Net trade in dressed pork products -

was shown to increase 0.68 million pounds for every $0.01C./$U.S.

incredse in the exchange rate during the same period. ;

BRI S airer > S wnens



ACKNOWLEDGEMENTS

In completing this study, the author gratefully
acknowledges the assistance of a number of people: my
supervisor, M.M. Veeman, for her guidance and timely éen-
couragement; ﬁy committee members, J.J. Richtef and T.L.
Powrie, for their helpful comments and suggestions; depart-
ment analysts, J.H. Copelandland C.A. Shier, for their
prompt and capable computer work; and ny typist, Joanna
Lubberts, for patiently and competently typing this thesis.
A special thankqialso goes to the entire Department oflRural
Economy staff, and to fellow graduate students, who provided
a most pleasant atmosphere within which to study. Finally,
I wish to thank my parents and sisters, without whose en-

couragement, patience and understanding, this study would

not have been completed. . ;

skt s

vi




TABLE OF CONTENTS
Chapter P Page

I INTRODUCTION ® ® 8 0 8 6 0 @ 0 0 4O T s e T S OB R PR I AN s e e l
Background to the Problem ..........oce0u..s. 1
Objectives Of the StudY .eeveeeeessvencanens. 2

Organization of/the Study cieviiier o 3

II THE DEVELOPMENT OF A CONCEPTUAL FRAMEWORK ..... 5
A Basic Twg-Country Model of Trade Ceeeeesem 6

The Intr7ﬁuction'of the Exchange Rate ....... 10 ,

Case I: Depreciation as Perceived

by ap Exporting Nation .............0e0e... 12

Case II: Appreciation as Perceived
by an Exporting Nation .....cceeevveveeaee. 17

Case III: Appreciation as Perceived ;
by an Importing Nation ceeesssecessacsnsoss 18

Case 1IV: Depreciation as Perceived
by an Importing Nation .....cccccvevevcvecees 22

sl 1 wnin

Aspecial Case ® & & 0 & 5 & P 0 S 00 s e e e B AV Oe N e o 23
The Introduction of Time'.................... 26

Smry ......I...0.....,.....-'......lt....'o 31

III A REVIEW OF SELECTED EMPIRICAL STUDIES ........ 32

The Research in ReView .....cecececececencsces 32

Slmary S 6 5 0 0 00 00 000 C OO PO PN OO LSNP N EIELEASL N 37

vii




Chapter | / Page
. | o
v CANADIAN PORK PRODUCTION IM A N@RTH
AMERICAN MA.RKET .oco-.oa.oo.--..;gn-'o--g-cc'- 38

o
IntrOdUCtion '--cccttooo$—0’4. .o\‘-u'o ''''' L) 38

Canadian Hog ang Pork\quaMctlon
in Perspectiée e e ey ~.,................. 38

Canada-United’Sta%es Price*helationships .o 42

Canadian Trade in bressed Pork
Products, 1970 - 1979 %......covinrunnnnn. .. 43

Sumary A R T T 48

V METHOmLOGY .........I..l.....l......l........ 49
Introduction and Scope of the Analysis ceees 49

The Effect of Exchange Rate Fluctuations ‘
on the Canadian Hog Price .....cievennnnnan.. 50 |

The Effect of Exchange Rate Fluctuations

on Canada-United States Trade Flows in .
Dressed POrk Products ..c.e.eeeeeeeeeonnen.. 52 §
SOurceS Of Data R I A A R I 54 t#

Analytical Procedure St et et s ecte et nnen 60

Sumuy .....-.00...0......l.'...'.oll'..\... 61

VI EMPIRICAL ANALYSIS I R I 62

T Y =
Model 6.2 .viuuvinnnniniennennnnneennnannnnn. 68
T L O
Model 6.4 .eeennriniiiiiiiiiiiaea,, 79

Slmry 0............0.......oo.oooo-o...o.o 85

viti




e e ey SRS YT o L

Chapéer Page

’
vVIT EMPIRICAL ANALYSIS II ..... e eeesti oo cress. 86

Canadian Exports of Dressed Pork

Produ¢ts to the United States ........ cerenns 86
Model 7 L] l ® 9 8 & % & 0 a0 8 s e v e e 9 e ® & ® o o 9 » 0 *® & & o 0 s @ 8 7
Model 7 - 2 ® 9 & vy w8 ¢ 9 @& @0 0 0o ® % & 0 6 6 00 0 " s 0000 v - 9 2
Model 7 - 3 ® 5 ® g ® 8 & 2 v S PO G O e s .hQ *® ® & ® ¢ @ 0 2 v O e s s e 9 8

Canadian Imports of Dressed Pork
Products from the United States ...... Ceeeean 101

Model 7.4 ® 8 & g 4 O 0 45 P P S S S P T GO e O O e e e e s e * o o 9 101
MOdel 7-5 LG BRI R NI B I S I S A I T N N TP S PO, 106 E
Model 7.6 ....viviiuiineiinnncannnn ceenuans 110

Net Trade (Net Exports) of Dressed Pork
Products to the United States ............... 115

115

MOdal 7.7 .‘n;;oto.o.o-o...»ooc-ooooo-oo-n.o
MOdel 7.8 ® © 09 8 5V S Ve e s PSS e e ee 000 te 0L sem e 120

Slmary L A R I I A N N N R N 125

VIII SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
FOR FURTHER RESEARCH ..u.veevevceccacocnceeoases 126

Summary and Conclusions ..................... 126

Recommendations for Further Research ........ 131

BIBLAOGWHY ® 8 6 0% 40 2 000N St e e 0000 s e o0 00 133

APPENDIX A 4 itevvtvsveoncacocsnonscecanennanass 137

APPENDIXB.o'.o.lot.0.co.oco..o-oo.noo-o.oonoo 139 ’ Lo

APPENDIX € v vnveeennonennoneoennonannnennnnnn., 141

APPENDIXD l'.l'...'....."".O"l.'ﬂ..‘....‘... 144

APPENDIXE..'.....O"..O"._.'Q'.....Q'...‘.... 147

ix




LIST OF TABLES

Table ; Page

3.1 Price and Quantity Changes Resulting from
a One Percent Devaluation ............. e reraan . 34

4.1 Warld Pork Production +........ ceessaceaaa cecees 40

6.1 Correlation Matrix of Variables Included
in Model 6.1 ...iuiiiterennneenennnnncnnannnnnnn. 64

6.2 The Toronto Hog Price as a Linear Function
of Selected Independent Variables Using
OLSQ Regressioh Analysis - Model 6.1 ........... 65 -
I N
6.3 The Toronto Hog Price as a Linear Function
of Selected Independent Variables Using the
Cochrane-Orcutt Iterative Technique: ~
Model 6.1 ..veeciiinninneencenennnnnconcanennnne 67 !

6.4 Correlation Matrix of the Variables Included
in Model 6.2 .....l....“.‘.......l.I.I...-Q....l. 69

6.5 The Toronto Hog Price as a Linear Function i
of Selected Independent Variables Using
OLSQ Regression Analysis - Model 6.2 ........... 71

6.6 The Toronto Hog Price as a Linear Function
of Selected Independent Variables Using the
Cochrane-Orcutt Iterative Technique -
Model 6.2 ...cieeieieiniienecececnnencnnonnnnnnees T2

6.7 Correlation Matrix of the Variab%es Included
in Model 6.3 ...I...I.O..I.........l........'.... 75

q
i
4
:
?
4

6.8 The Toronto Hog Price as a Linear Function
of Selected Independent Variables Using OLSQ
Regression Analysis - Model 6.3 .......ceevueu.. 77

6.9 The Toronto Hog Price as a Linear Function of
Selected Independent Variables Using the
Cochrane-Orcutt Iterative Technique - '
Model 6.3 ...iiiiiieriececcrnnncncncnnccnnnnnn.., 78 e




7.8

.in Model72 0..‘..0...‘....-.0.0-..'o..o..o--o

R R it Lt e UL e S

* ' Page

Correlation Matrix of the Variables Included
in Model 6.4 l.......!...'..-....‘.....'..l.l.l 81

The Canada-United States Hog Price Ratio as
a Linear Function of Selected Independent
Variables Using OLSQ Regression: Analysisg -

MOde164 LA A A A I I I I I T 82

The Canada-United States Hog Price Ratio as
a Linear ‘Function of Selected Independent
Variables Using the Cochrane-Orcutt

Iterative Technique - Model 6.4 ARREEETEETTRRE 84

Correlation Matrix of the ,Variables Included .
1n Model?l ....C....I.UQ'l...O.....‘.....’..O

Aggregate Canadian Exports of Dressed Pork
Products to the United States as a Linear
Function of Selected Independent Variables
Using QLSQ Regression Analysis -~ Model 7.1 .... 89
Aggregate Canadian Exports of Dressed Pork
Products to the United States as a Linear
Function of Selected Independent Variables
Using the Cochrane-Orcutt ITterative

TeChnlqu’ MOdel7l -nhoooo.o...-.ot.o-oo..o. 91

Correlation Matrix of the Variables Included

Per Capita Canadian Exports of Dressed Pork
Products to the United States as a Li
Function of Selected Variables Usin OLsSQ
Regression Analysis‘- Model Te2 eeeee™™mgevoesen

Per Capita Canadian Exports of Dressed Pork ,
Products to the United States as a Linear
Function of Selected Variables Using the
Cochrane-Orcutt Iterative Technique ~

Model 7.2 ...iiieniienncacnccooonnnasnccccnonees
Per Capita Canadian Exports of Dressed Pork
Products to the United States as a Logarithmic
Punction of Selected Variables Using OLSQ ’

Regression Analysis - Model 7.3 ............... 99
Per Capita Canadian Exports of Dressed Pork
Products.to the United States as a Logdrithmic
Function of Selected Variables Using the
Cochrane~-Orcutt Iterative Technique - 100

mdel73 .0000.'.0.0.0..l...ool....l'.,...c..l
. e ~

xi . i




7.12

7.13

7.17

7.18

Correlation Matrix of the Variables
Included in Model 7.4 ...ceeeeeeenvns cresas e es

Aggregate Canadian Imports of Dressed Pork
Products from the United States as a Linear
Function of Selected Independent Variables
Using OLSQ Regression Analysis - Model 7.4 ....

Aggregate Janadian Imports of Dressed Pork
Products from the United States as a Linear
Function of Selected Independent Variables
Using the Cochrane-Orcutt Iterative

Technique = Model 7.4 .icieerennecocassconccnss

Correlation Matrix of Variables Included
in Model 7.5 teeeeeeccosncsocnsoanns cetcceenenans

Per Capita Canadian Imports of Dreéssed Pork
Products from the United States as a Linear
Function of Selected Independent Variables.
Using OLSQ Regression Analysis - Model 7.5 ....

Per Capita Canadian Imports of Dressed Pork
Products from the United States as a Linear
Function of Selected Independent Variables
Using the Cochrane-Orcutt Iterative

Technique = Model 7.5 .tiieeernecenccccosoancnone

Per Cap:ta Canadian Imports of Dressed Pork
Products from the United States as a
Logarithmic Function of Selected Independent
Variables Using OLSQ Regression Analysis -
Model 7.6 ceceeeeccoccncncssacennscccccsansonns

Per Capita Canadian Imports of Dressed Pork
Products from the United States as a
Logarithmic Function of Selected Independent
Variables Using the Cochrane=Orcutt :
Iterative Technique - Model 7.6 ..c.ceeeeceeothes

Correlation Matrix of Variables Included
in Model 7.7 ® & ® & © & & O O & P O P G U S P E S O L P SO PO O E 80 e e e

Net Aggregate Canadian Trade in Dressed Pork
Products with the United States as a Linear °
Function of Selected Independent Variables
Using OLSQ Regression Analysis - Model 7.7 ....

»xii

Page

102

104

105

107

109

111

113

114

116

118



Table .

7.19

>

Net Aggregate Canadian Trade in Dressed Pork
Products with the United States as a Linear
Function of Selected Independent.Variables
Using the Cochrane-Orcutt Iterative Tech-

nique - Model 7.7

Correlation Matrix of Variables Included

in Model 7.8

® 0 0 060 ® 0 8 8 00 s 000 L E PN s e e e s e

Per Capita Net Canadian Exports of Dressed
Pork Products to the United States as a
Linear Function gf Selected Independent
Variables Using OLSQ Regression Analysis -

Model 7.8

) .
o-o-.o.-.oo"o--.---oo,bo-oo-c--‘,.---ooo-

Per Capita Net Canadian Exports of Dressed
Pork Products to the United States as a

Linear Function of Selected Independent

Using the Cochrane-Orcutt

Technique - Model 7.8 ..cceeccssnsass

Variables
Iterative

A Summary

Estimated
Products,

=

of the Exchange Rate Coefficients
in Analyzing Trade in Dressed Pork

1970 - 1979

Page

119

121

122

123

130



LIST OF FIGURES

The Canada-United States Currency Exchange

Rate, 1970 = 1979 ..iceceeeccocscsococnsnasanes .o
Determination of an Equilibrium

Trade Patfern ...ececcececsscsscscsscscscsccse ceead
Exchange Rate SCenariOS ....cscececcoccccccsccs

Depreciation as Perceived by an Exporting
NAtiON cieeececcossoccccccansoccnes ceeccssscnaens

Appreciation as Perceived by an Exporting

NALLIOIN ceeceoasosvesossssassssacssossccsesssonssans

Appreciation as Perceived by an Importing

Nation ® © 06 8 6 0 5 8 55 8 00 8 T OO 0SSO P O OO LSS LSl s

' Depreciation as Perceived by an Importing

Nation ® 9 © 5 00 8 © 95 0 5 6 0 6 05 9 GO ST 0S8 P ES S ST SO seleso

Exporting Nation Much Smaller Than Importlng
Nation (as Perceived by the Exporting

Natlon) T EEEREEEEEEEE I A B B A SRR I 2L A A A

Importing Nation Much Smaller Than Exporting
Nation (as Perceived by the Importing

Natlon) T EEREEREEEEEEE e I Ay B AR BRI B R A A A A

A Comparison of the Short-Run and Long-Run
Effects of a Currency Depreciation on
Prlces and Trade oo-oo......-o-ooc-o-oooo-ooo-.'.

A Schematic Repfesentation of Factors
Affecting Canadian Hog Prices and Canada-U.S.
Pork Trade ......'....'............I.........'..

The Historical Relationship Between

Canadian and U.S. Hog Prices, 1970 - 1979 ......

Annual Exports, Imports and Net -Trade
in Dressed Pork Products, 1970 - 1979 ....ccecen

xiv

Page

11

12

18

19

22

23

25

28

41

44

45



Page
Monthly Canada-United States Trade in
Dressed Pork Products, 1970 - 1979 ............. 47
A Summary of the Model Specifications

Investigated in Analyzing Canada-United States
Trade in Dressed Pork Products ......... ceesess. 55

S

XxXv



CHAPTER I

INTRODUCTION

Background to the Problem

An international transaction can be considered to
have two parts: (a) a currency transaction, and (b) a com-
hpdity transaction. The currency transaction involves the
exchange of domestic currency for that of an exporting
nation while the commodity transaction involves the exchange
of this foreign currency for the desired commodity. If the -
tbtal price to the importer depends on both the value of the
exchange rate and the price of the commodity in terms of
foreign currency, and if quantity demanded is a function of
total price, then some relationship should exist between
price, quantity traded and the exchange rate.l

In May 1970,‘Canada adopted a floating exchange rate
system. Since that fime; the Canada-U.S. currency exchange rate
(hereafteé\referred to as the exchange rate) has varied from
$0.9576 C/$U.S. in 1974 to $1.2019 C/$U.S. in February of
1979 (see Figure 1). Given the extent of these fluctuations,

an opportunity exists to study the effect, if any, that

exchange rate fluctuations have had on agricultural prices

3 ' .
lThe exchange rate in this study is defined as the

price of foreign currency in terms of domestic currency.



Figure 1.1 The Canada-United States Currency Exchange
Rate 1970 - 1979
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: issues,

and on agricultural trade flows during this period.

[ 4

Objectives of the Study

The objectives of this study were: (a) to review
trade theory and exchange rate theéry as they relate to
Prices and to trade flows of agricultural commodities:; and
(b) to investigate a number'of alternative econometric
models with a view to determining whether a simple relation-
ship could be demonstrated between exchange rate fluctua-

tions, Canadian hog prices and Canada-U.S. pork trade'flows



since the inception of a flexible exchange rate system in

1970.

Organization of the Study

Chapter II reviews trade theory and exchange rate
theory thereby developing a conceptual framework within
which to consider exchange rate fluctuations.

Chapter III reviews three studies which have been
conducted with a view to determining the sensitivity of
agricultural prices and traderto changes in the exchange
rate, '

Chapter IV outlines some characteristics of the
Canadian and North American pork marke£ thereby providing
the reader with sufficient background to understaﬂd the
analytical portion of this study.

Chapter V provides a brief outline of.the methodo-~
logies employed in the study. It then proceeds to review
the data base used in the analysis as well as to outline the
models investigated in the study.

i Chapter VI presents the results of an analysis de-
signed .t¢ :wudy the deégree to which month-to-month fluctua-
“tions in . 2xchange rate have been incorporated into
Canadian ho< w»rices.

Chapte VII .resents the results of an analysis de-
signed to study the degyree *- which monthly exports, imports
and net trade .n cressed pork products have been affected by

monthly fluctuations in the exchange rate.



Chapter VIII summarizes the results of the analysis,
p :

draws conclusions from these results and makes recommenda-

.

tions regarding future research.



CHAPTER II

THE DEVELOPMENT OF
A CONCEPTUAL FRAMEWORK

One of the stated objectives of this étudy was to
review trade theory and exchange rate theory as they relate
to prices and to trade flows of agricultural commodities.
Chapter II meets this 6Bjective by first develbping a simple
two-country model of trade. It then introduces the exchange
rate to the model thereby developing a conceptual framework

within which to consider exchange rate fluctuations.l

<

lThe following sources provided the basis for much
of the gqmagjitative substance of Chapter II: -

Charles P. Kindleberger and Peter ‘'H. Lindert,
International Economics, (Homewood, Illinois: Richard D.

William E. Kost, "Effects of an. Exchange Rate
Change on Agricultural Trade," Agricultural Economics Re-
search, 28 (July 1976): 99-106" . :

The quantitative analysis in Chapter II, although
related to that of Bredahl and Gallager, was arrived at
independently of that source un}ess otherwise noted. To
the extent that the notation has been chosen so as to be
consistent with that source, the author acknowledges the
following article: :

Maury E. Bredahl and Paul Gallager, "Comment on
'Effects of an Exchange Rate Change on Agricultural
.Trade,'" Agricultural Economics Research, 29 (April 1977):
45-~48. . - '




A Basic Two-Country Model of Trade

The following discussion assumes a two~country world
consisting of Canada (CAN) and the rest of the world (ROW) ,
dealing in a single commodity--A. The model also includes
the following additional assumptions:

1. Both countries have market economies;

2. Transport costs are nil;

3. One $ROW equals one $CAN;

4. Supply and demand functions for commodity A can be
defined for both countries; and

5. Time period "t" is sufficiently long to allow a supply

response. =~

Given this scenario, Figure 2.1 illustrates graphi-
cally the equilibrium which will develop. Figures 2.la and
2.1c illustrate the supply/demand and the price/quantit.
relationships whié; would prevail in the individual reg.ons
'in the absence of trade. 1If trade is allowed, the equili-
brium illustrated in Figure 2.1b develops. The excess sup-
ply function (ES) represents the quantity of A available for
export at every price level and is derived by horizontally
subtraéting the domestic demand of the eprrting country
from the domestic supply at every price level. The horizon-~
tal subtraction of the domestic supply of the importing
country from the domestic demand yields an excess demand
function (ED). This function represents thé quantity of

commodity A which must be imported at every pricéxlevel to

satisfy ROW demand. Equilibrium occurs when the quantity



Figure 2.1 Determination of an Equilibrium
Trade Pattern

a) Exporting Nation b) Trade Sector ¢) Importing Nation
(CAN) (ROW)
) $CAN
o}
SCAN SR(r)V SROW

SrRow

SCAN

Pl

'
]
)
]
]
'
|
)
A

Drow

(O Q2
Quantity/t Quantity Traded/t Quantity/t

demanded by ROW equals the quantity supplied by CAN. 1In
Figure 2.1b, this occurs when CAN exports quantity Q% at the
equilibrium price P°'. .

| The equilibrium illustrated graphically in Fiéure
2.1b can also betaescribéd quantitatively. If both the ES

and ED functions are assumed to be linear, the following

relationships exist:

ES': Qg = ay + 8;P B1 > 0 (2.1)
ED': Qo + a; + B,P B < 0 (2.2)
%s = Qgp ' (2.3)
where:
QEs = excess supply of A;
QED = excess demand for A;

a; and a; = intercept terms;

A A g i,




a

B1 and B, = price coefficients; and
P = price in either $ROW or S$CAN.

Equations 2.1 and 2.2 have the following algebraic solutioﬁ:
r 2 8 - a .
P -g':——_—-E-ll (2,4)
v o= 8 azf
Qp 'Lgi—:-g‘f'l (2.5)

where:
P' = equilibrium price; and

Q) = equilibrium quantity traded.

This quantitative approach can be extended by intro~
ducing elasticity measurements to describe the ES and ED
functions. The elasticity of the excess supply function may

be defined as:l .

P
"es 3 © X (2.6
wggke:

Npg = excess supply elasticity;-and

X = exports.
Similarly, the elasticity of the excess demand function may
be defined as:

oM

_ P
"ep = 3% " M (2.7}

where: )

lThe excess supply function is an export supply func~
tion as perceived by an exporting country and an import sup~
ply function as perceived by an importing country. Likewise,
the excess demand function is an export demand and import
demand function as perceived by an exporting and importing
nation, respectively.

oy 2 e ai

;
ﬁ
i
#
i




Ngp = excess demsnd elasticity; and

M = imports.

These elasticities are related to, and can be de~
rived from, the elastivities of the parent supply and demand
curves. In the cane of an exporting nation CAN, the elagti-~
city of export supply <an be derived from the following

relationship:*

CAN

Volume of exporty (X) = domestic supply (5 )

- domestic demand (D). (2.8)

The partial derivative with respect to price is:

3x _ aSCAN AN

ﬁx ‘ép -~ 5? v (2:9)

Appropriate multiplication gives:

- (= ] - ] B

Rearranglng gives:

ax . 2| o |as™™ sCANT  [aptAN p J DCAN]
3P X 3P s¥2] [x 3 oA ] |x

(2.11)
That is:
CAN. CAN CAN , CAN
Ngs ng (8 AR - np (D /X) (2.12)
where:
Ngs = elasticity ©f export supply (or excess supply

elasticity) 2

ngAN = elasticity Of demand for A in CAN: and

gAN = elasticity Of supply for A in’ CAN,

v

_ e sty e S

RS e SIS S SR e S

{
¥
4
3
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Similarly, it can be shown that for the importing

nation ROW in Figure 2.1:

- .ROW _ROW ROW ,  ROW ‘ ‘
Ngp ™ Np (B /M) = ng 7 (8777/M) (2.13) .
where:
nED = elasticity of import demand (or excess demand !
elasticity);
ROW _ L : ‘
N = elasticity of demand for A in ROW:
ROW .. .
Ng = elasticity of supply for A in ROW: and

M = imports.

Given an initial equilibrium and the conceptual | | 5
framework outlined above, it is possible to visualize the |
effect of a disturbance to the é&stem presented in" Figure
2.1. The source of any disturbance determines whether the'
ED or ES function shifts, whereas the magnitude of the'd;s-
turbance coupled with the elasticities of the egcess demand \

and supply functions determine the price and quantity change. .
\ /
The Introduction of the Exchange Rate ~—
A

To this point, exchange rate considerations have
been ignored. If Assumption :3) is now relaxed and the ex-
change rate is allowed to vary, what‘yill be the effect on’
prices and trade?

This discussion begins with the equilibrium estab-
lished in Figure 2.1. How this equilibrium is affected by

a change in the exchange rate depends on the perspective
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being considered. To a resident of CAN, the trade sector in
kY

Figure 2.1 will normally be pé(g?ived in terms of $CAN
whereas a resident of ROW normally perceives the trade sec-

tor in terms of SROW. The effect on Figure 2.1 depends on

which of these two perspectives is‘being considered~-that of
~ the exporter or that of the importer. Furthermore, thecex— L
change rate may either increase or it may decrease thereby ﬂ

giving a total of four possible scenarios (see Figure 2.2).l

These will be 'considered in turn.

i e L
G

Figure 2.2 Exchange Rate Scenarios

&
&
w
e
&
!’§
3

PERSPECTIVE

Exporting Country Importing Cbuntry
Export Commodity Import Commodity

Relative Depreciation | CASE I _CASE 1V 7
Relative Appreciation CASE II CASE III %
= i

%

?

aan,

TR e,

official inter-~ 3
rate by mone-- ;
refer to market- 3

) lDevaluation/revaluation refer to the
vention and readjustment of a fixed exchange
tary authorities. Depreciation/appreciation
induced fluctuations in the exchange rate as occur under a
floating or flexible exchange rate system. Because Canada
enjoys a floating exchange rate system, the latter terms will
normally be used in this study. The economic concepts pre-
sented, however, apply equally in the case of devaluation/

revaluatidn. - ;
. .
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{
‘Case I: Depreciation as Perceived by an Exporting Nation

This example begins with the equilibrium established
prior to the introduction of exchanggvrates and, using a
comparative static approach,ﬁillugtfates the effect on this
equilibrium of a change in the exchange rate fr;m R' to R"

(see Figure 2.3).

Figure 2.3 Depreciation as Percevied by an
Exporting Nation

a) Exporting Nation b) Trade Sector c) Importing Nation
(CaN) ' (ROW)
$CAN .
$CAN - SROW
SROW
, SROW
Price p"
Pl
Py A ,, DROW
Q1 2
- Quantity/t Quantity/t

Equations 2.1 and 2.2 described the initial excess
supply and demand ‘functions as:

- ES8': QES = a; + B;P B1 2‘0

ED'

QED = @z + B?P B2 2 0.

Since Figures 2.3a and 2.3b are already expressed in terms

.
‘
3

ps. - . e
oIS TIN & DT PSS U S SO S
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of $CAN, and since the transaction is being viewed from a
CAN perspective, the position of the ES curve does not
change. The position of the ED curve as viewed by a resi-
- dent of CAN does change. As an example, if R' = $1CAN/$ROW
and R" = $2CAN/SROW, the effect of a depreciation can be
shown to be an, upward shift in tho:ED curve (i.e. every
quantity is still available, only at twice the‘original
price in terms of $CAN). The result is a new function ED"

which can be described as follows:

ED": Qpp = a; + RiB2P B, <0 ° © (2.14)

where: u
R' = Ynitial ekchange rate as perceived by CAN; and 5
R" = final exchange rate as perceived by CAN. i

The new equilibrium becomes Q%P", where:

A pernaanr i L
B i .

p" = ﬁﬁL_Z_EA_ ‘ (2f15)

. ﬁwﬁz - B, !
and %
' 3

§w0132 - azB; %

Q; = ] - - (2.16) i

: 3

o B2 - B E

"
i

M. .

Expressédiin terms of elasticities, Equations 2.15

and 2.16 become:l

lEquations 2.17 and 2.18 are derived. by incdrporat— :
ing the following relationships (derived from Equations
2.1 and 2.2) into Equations 2.15 and 2.16:

a1 = Qn (1 - nEé) : @z = Qn (1 = ngp).
NgsQp . - _ MgpQp
By = —pr Bz = —Fv—
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pr = _ p _ (2.17)

and
R' ) :
R" "ep{l = ngg) = ngg(l - ngp)
Q';‘ = R' = Q";:‘ (2.18)
BE" "ep T "Es
where: -
Ngp = elasticity of export demand at Q%P';
Npg = elasticity of export supply at QéP';
N (
P" = final price ($CAN); and
Q% = final quantity traded.

Given an initial equilibrium;(QéP') and a final
equilibrium (Q%P"), it is possible. to express in the form of

an interval elasticity the effects of a change in the ex-

change rate from R' to R" as follows:t
n .
E, _ = ED (2.19)
P,R _ R
"ep’ T R "Es
and
n n .
Eq R D wES - (2.20)
"ep T~ RV "Es {
wher;e:r
1

Calcu;ated as follows:

p" - p' R
EERTR-R °Bv

B = Qr = Op . R
Q,R R¥ —R! 6;

LIPS S i! PPERSTIN
RN RO ANT Y i

oz i
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E = interval elasticity of the equilibrium price

with regard to the exchange rate over the rauge

R' to R";

EQ,R = interval elasticitg of the equilibrium quantity
-with regard to the exchange rate over the range
R' to R";

Ngp = elasticity of excess demand at Q%P'; and

Ngg = elasticity of excess supply at QéP'.

The point of elasticity of the equilibrium price and

quantity with respect to the exchange rate can be expressed
1

as:
n :
Ef o = ;——%?l—- | " (2.21)
S ED _ 'ES .
Ny n -
Ef r = EE_2S : (2.22)
! ED ES
where:
E; R ™ point elasticity of the equilibrium price with
14

respect to the exchange rate; and
E* _ = point elasticity of the equilibrium quantity

with respect to the exchange rate.

»

lcalculated as:
_ limit "ED
P,R R" —> R' _ R
’ : "ep - R' "Es

gy = limit "ep "Es
Q'R Rl‘ —_— R' - R
. "ep T R" "Es

Equations 2.21 and 2.22 are identical to the exchange rate
elasticities derived in: Maury E. Bredahl and Paul Gallager,

Ibido] ppo 45-4Bc . N 4

ttiitlivg ‘ .

S it
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Equations 2.17 to 2.22, inclusive, serve to quantify
the shift in the ED.curve illustrated in Figure 2.3b. Equa-
tions 2.17 and 2.18 provide a means for determining the new
equilibrium Q;P" and will not be discussed further. Equa¥

tions 2.19 and 2.20 will be examined and analyzed further at

this time.1 .

Equations 2.19 and 2.20 can be rewritten as:

(2.23)

1

E = . aa

l- [ 2

- RT TED

and

E__ = L3 (2.24)
QrR- T R T :

"es R "ED

The denominator of Equation 2.23 must be equal to or greater

than 1 since the following conditions are assumed to hold:

Npg 2 0 (2.25)

Ngp < 0. (2.26)

Equation 2.23 has a minimum value of zero when the denomina-

tor is equal to infinity and a maximum value of 1 when:

R" | DES _
RY Nep

. o)
Expressed in words, a one percent depreciation of an expor-

ter's currency will result In a minimum 0 and a maximum one

percent increase in the domestic price of commodity A, given

the assumptions of the model.

lThe analysis contained in the following three para-
graphs was largely adapted from: Maury E. Bredahl and Paul

Gallager, Ibid., pp. 45-48.

e
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The denominator of Equation '2.24 is necessarily

positive.: Therefore, can take on positive values be-

E
Q,R

tween zero and infinity depending on the values of Ngg and

both approach

N.n- The value approaches zero as n and n

ED ES ED

zero and it approaches infinity as n and n approach

ES ED
infinity. Expressed in words, a one percent depreciation of

Wan exporter;s currency could result iq any non-negative per-
centage change in exports..

Both the interval elasticity of the equilibrium érice
with respect to the exchange rate and the interval elasticity
‘of the quantfty traded with respeét to the exchangg rate have
been determined and discussed. What remaiﬂs is to determine
whether, in a given situaﬁion, the effect of an exchange rate
change will be reflected by a change in price or a change in
quantity traded. To accomplish this, a ratio of the quan-
tity effect to the price effect can be calculated as follows:
Q,R _ n ‘ _ | (2.27)
P,R
Which effect is &reater, therefore, depends on the value of
the elasticity of export supply. This is intuitively reason-

able since, asvperceived by an exporter, the ED function is

shifting along the ES function.

.

Case II: Appreciation as Perceived by an Exporting Nation

This scenario is illustrated graphically in Figure
2.4. Case II differs frqm Case 1 in that in Case II the

value of R" is allowed to decrease relative to R' with the

<. N - ) 4
P PRI TR LSRR AP P T RS o i L S S
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Figure 2.4 Appreciation as Perceived by an
Exporting Nation

a) Exporting Nation b) Trade Sector c) Importing Nation
(CAN) ROW)

SCAN | SCAN

PRICE

Py

result that the ED function shifts downward rather than up-
ward. Case II is simply the reverse of Case I. Aall quanfi-
tative ‘relationships derived for Case I apply equally for

Case II. - s

Case III: Appreciation as Perceived by an Importing Nation

Case III may be viewed in one of two ways. It’may
be Qiewed as being the ROW perception of Case I (a CAN ex-
port is a Row'import and a CAN depreciation is a ROW appre-
ciation). Alternatively, by reversing CAN and ROW in the
original model thereby making CAN the importer, Case III may
be considered to portray the effect of an app;eciation on
Canadian imports. So. as to maintain a domestic persepctive,
tbis discussion will use the latter approach.

Figure 2.5 illustratgs graphically how an importing

country perceives a domestic currency appreciation (or a

o

L T OO DALY
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Figure 2.5 Appreciation as Perceived by an
Inporting Nation

a) Enxﬁﬂjng Country b) Trade Sector ¢) Importing Country i
(ROW) X ’ (CAN) {
$ROW]| $CaN| . $CAN !
s 3

Pl

!

[

. |

|

-

| i D
7 2% ,
Quantity/t Quantity Traded/t Quar.tity/t

foreign currency depreciation). Just as the domestically - N !

determined function (the ES function) was unaffected b& a
change in the exchange rate in Case i, s0 the domestically
detérmined function (the ED function) is unaffected iﬁ Case
III. 'The ES function, however, is perceived to shift down-
ward.  To illustrate, cohsider an e#chaﬂée rate appreciation 3
from $1 CAN/SROW to $0.5 CAN/$RQW. Every quantity can still
be imported, but at half of the original price in terms of 0
$SCAN (i.e. a downward shift in the ES function as illus-
trated in Figure 2.5).

As with Case I, Case III caniﬁe described quantita-

tively. The three functions illustrated graphically in

et A AR SRR e, e A LT e T N e, e L T 4 s e

Figure 2.5b can be described quantitatively as follows:

)

Ko i e s i S8 w T 100
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(2.28)

ES': QES = o, + B,P ' g, 20

R!
ES": QES = ay + R B, P B, 20 (2.29)
Ep': QED = o, + B,P B2 £ 0 ~ (2.30)

The algebraic solution of ED' and ES" yields a new point'of

equilibrium Q;P" where:

pr o= —2 82 ' (2.31)

B - =w B1

.
on = @182 - gw ®28:1 | (2.32)
8, - By B
2 'RTl

’ Expressed in terms of elasticities, Equations 2.31 a#nd 2.32

become:
n -n
P",-_-. ED - ES P! (2-33)
“"ED T R "EsS
_ | " |
on = (1 - ngg) Ngp = gF (1 = gp) Ngg o ' (2.38)
T R' T *

"ep = ®™ "Es

Fér any exchange rate change, this ratio of the per-
éentage change in the equilibrium price and quantity amsd the
percentage change in the exchange rate is given by the

interval elasticity as follows:l

lCalculated as:
sp | R .
AR = PV

e R et o S a7 s s

i A BRIt

it 2otk L

| PPN
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3 ES
EP,R = - Ul (2.35)
"es = ®R' "ED
Ner N
ED"ES |
Eq, o o (2.36)

"es - R" "D

Put into reduced form, Equations 2.35 and 2.36

become:l
E = 1 (2.37)
P,R , _ R" "MED :
RT ° Tgs
and
E = T%FA (2.38)
Q'R .—.]_.-—.— . _.r ’
"ep R'  TEgg |
Analysis of Equations 2.37 and 2.38 reveals that E, g can
4
only take on values between 0 and +1 while E can take on

Q,R
values between 0 and minus infinity. The final values of

these elasticities depend on thgjﬁlasticities of the excess
supply and demand functions.

Analysis of Equations 2.35 and 2.36 reveals the fol-

lowing relationship between EQ,R and EP,R:
E :
EQ = - "ED (2.39)
P,R

Whether the quantity effect or the price effect predominates

depends on the value of n The quantity effect exceeds

ED’
the price effect if the elasticity of the excess demand

function exceeds unity.

1The analysis in the following two paragraphs'is an
analogue of thatr devel .zed by: Maury E. Bredahl and Paul
Gallager, Ibid., p. 45-48.

21
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Case IV: Depreciation as Perceived by an Importing Nation

Case IV differs from Case III only in the direction
of the shift in the ES function. Since in Case IV the
importer's currency is depreciated relative to that of the
exporter, every quantity is available at a higher price in
terms of the importer's currency (i.e. an upward shift in
the ES function as illustrated in Figure 2.6). All rela-
tionships derived for Case III still apply since Case IV is

simply the reverse process.

Figure 2.6 Depreciation as Perceived by
" an Importing Nation

a) Exporting Nation b) Trade Sector c) Importing Nation
(ROW) (CaN)

\. $ROW) $SCAN

PRICE
p"

P'

L4




A Special Case
(

Special attention will now be given, in this two-
country model, to the case where the produc%ion of one coun-
try is considerably smaller than that of the other. This
special case is presented because it approximates the situa-
tion facing many of the smaller trading nations of the world.

Figure 2.7 illustrates the extreme case where an
exporting nation CAN is so small relatiye to ROW tha; its
effect on the ROW market is negligiblé>(i.e. the excess
'demand function is perfectly elastic). Since the effect of
an éxphange rate change is a shift’of the pD\function,

Figure 2.7 also illustrates graphically thé effect of a cur-

. . . . A
‘rency appreciation in this extreme case.

Exporting Nation Much Smaller Than
Importing Nation (as Perceived by
the Exporting Nation) : . ¢

Figure 2.7

c) Importing Nation
(ROW)

a) Enxniﬁng Nation b) Trade Sector
(CaN)

5 ' $CAN | $m

$CAN)

S
. ES'
Price " P! i//,ED' Pop--==-<
z/////? . :
Pn q - -t ED" :
. | ’ t
P ' P |
1 1 ' ! D
QT or 1000
Quantity Traded Quantity .

Quatity
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Alternatively, a quantitative approach can be used
to desgribe what was p@rt{;?ed graphically in Figure 2.7.

following relationship:

ng " (SR /my

Equation 2.13 described th

ROW | ROW

"ep ¥ "p

/M)Al -

[y

As M decreases“relative'to DROW and SROW, Ngp aPProaches

minus infinity. To determine the effect of a currency
appreciation or depreciation under these circumstances,

recall Equations 2,23 and 2.24.

limit 1
Ep o = - =1 (2.40)
P,R N — = _ R" . N
ED 1 - gr %
limit 1 .
FOR T g s e T R 1 = Mes (2.41)
"gs® R° ngp -

- Expressed in words, a one percent increase or decrease in
the exchange fafe will result in a one ;cent increase or
dec%ease; negpectively,.in the price if%Zhe excess demand
function is perfectly elastic, 1In Eddition, the interval
elasticity of the equilibrium quantity with respect to theun
exchange rate approaches the value of the excess supply
elasticlty as the excess demand elast1C1ty approaches
infinity. | : _ 4/
Figure 2.8 illustrates the perfectly elastic excessg _
supply curve which will exiqg)@s peréeived b} a small im-
porting country. ES" represents the new excess supély func~

J &

tion while Q'P“ represents thé new p01nt of equilibrium
J
resultlng from a currency deprec1atlon.<
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Figure 2.8 Importing Nation Much Smaller Than Exporting i
Nation (as Perceived by the Importing Nation) :

Aa)Ekgxxhx;Nad@m b) Trade Sector c) Importing Nation
(ROW) ' : (CAN) :

SCAN $SCAN,

4
i
A
§
i

. The effect of a change in the exchange rate on a
small importing country can be ﬁuantified by beginning with

N “the foliowing variation of Equation 2.12. Because in this

- zcase the ES' function is derived from ROW's domestic supply

..and demand curves, we have:

ROW ROW

ROW /%) = %% (0" x). (2.42)

:pES = ng (S

ow ROW

As X decreases relative to SR and D y 1N approaches

ES
inﬁiﬁity. From Equations 2.37 and 2.38, the following

inferval.elasticities can be calculated:

limit . o1 ;
E = n — =1 (2.43)
P,R ES, > @ 1 - gT . DED .

v

‘and - ~
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(2.44)

— .

. "ep R TEs

1 -
Eo,r \ @ 7 R" Ngp "ED-
~ . ED

With a small importing country, the percentage change in
price equals the percentage change in the exchange rate

while the percentage change in imports is equal to‘nED times

- the percentage change in the exchange rate.

The Introduction of Time

The present model is of a comparative static nature.
It deals only with the initial and the final points of equi-
librium. Built into thé model is the assumption that the
time frame under study is sufficiently long to allow a
supply response. In the case of agricultufal production,
the supply response occurs with a time lag.’ In the case of
hog production, the response of supply to changes in price’
has been estimated to occur with a five-quartér lag because
of "a biological lag on production factors and a lag in
decision m-aking."1 The purpose of the present section ig to
estimate an intermediaﬁe point of equilibrium which will
exist after aemand factors have had a Ehance to act but

before a supply response "has been realized. In other words,

the exchange rate effect will be divided into two compo-

nents--a short-run effect (or impact) and a long-run effect.

1T.G. MacAulay, "A Forecasting Model for the Canadian
and U.S. Pork Sectors," Commodity Forecasting Models for

Canadian Agriculture, Volume II, Agriculture Canada, 1
Ottawa: Agriculture Canada, 1978), p. 7. , o




Figure 2.9 illustrates the éxpected short-run and
long-run effects of a change in the exchange rate, given the
assumptions of the conceptual model. The functions depicted
by solid lines regresent the long-run functions discussed
previouély while the functions.depicted by fine lines repre-

. sent the expected short-run relationships. If supply is

-

considered to be perfectly inelastic in the short run, the

domestic supply functions must be redrawn as Sg;N and Sggw.

These are the quantities presently being produced at the

equilibrium price P'. Given this change, new short-run
excess supply (ESéR) and excess demand (EDéR) functions must
be drawn (see Figure 2.9b). The effect of a 100 percent

currency depreciation can now be represented by ED§R and

EDER' In the short run, quantity QSR will be traded at
price PSR as compared with our previously determined long-

term equilibrium Q%P".

Although the expected'équilibrium'differs under the
assumption of a zero supply response in the short run, a
quantitative approach is required to better estimate the
magnitude and sign of the differences involved. Taking the

perspective of an exporting nation, recal) Equations 2.12,
!
2.13, 2.23 and 2.24:

\

SCAN/ CAN CAN

_ _CAN _ :
_ _ROwW ROW - ROW ROW
"gp = Mp (D77 /M) g s /M) 5 (2.13)
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Ep R = ) —F" TEs, | (2.23)
RY  nED
E = 1 (2.24)
Q,R I R 1 :
ngs R NED

if ngAN and ngow are assumed to be zero in the short run,
the effect is to decrease the absolute values of Ngg and
nED'l Such a decrease is compatible with either an increase

or a decrease in the interval elasticity of the equilibrium
price with respect to the exchange rate. The value of

Equation 2.23 depends on the ratio of s to ngp- A neces-
‘sary condition for the short-run price effect to exceed the
long-run price effect is for the absolute value of nEé/nED’
to become less negative in the short run. This occurs if:2

ROW

CAN ‘
CAN ns SROW

ﬂs S p

. > . 2 (2.45)
CAN CAN ROW ROW
Np D "p D

&

Although the short-run interval elasticity of price with
respect to the exchange rate may be larger or smaller. than

the long-run elasticity, it is still subject to the

”

_ lAlthough the production response may be zero in
the short tern, movenment into and out of stocks will in all
probability result in a non~zero supply response. The
example is still useful in that it defines an extreme case,

25ptained by simplifying the following:

CAN CAN

— aB (DT/x) nCJS N (gCAN 1y - nncm,‘l oM /x) -
PR
ngow o™ ) ngow 0Py - nlszow ST

s

TR
i,
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.value of n
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previously determined constraints, namely:

0 < EP,R s 1.

This is so because Equation 2.23 applies as it did before -
only the values of Neg and e «-ffer in the short run.
Mathematically, Equation Z.23 is stil :stricted to the
above range.

With respect to the quantity traded, if the absolute
ES and nED are both smaller in the short run, the
value of the interval elasticity of equilibrium quantity for
the exchange rate must also be smaller in the short run.
This is apparent from Equetion 2,24, A decrease in the
absolute values of Neg and D must increase the value of
the denomlnator thereby decreasing the value of the func-
tion. Although the value of the short-run elasticity is
smaller than that in the long run, if is still restricted
to the range determined'previously (i.e. 0 < EQ RS ®.

Similar results can be obtained in the case of an
import commodity. The quantity effect in the long run ex-
ceeds that in the short run whereas the price effect in the
long run may be greater than or less than that in the short
run'aepending on the elasticities of the ED and ES functions.
The derivation of such a result parallels that presented in

the case of an export commodity and is therefore omitted.
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Summary

Starting with a simple two-country, one-commodity
trade model, this chapter developed a conceptual framework
designed to outline the forces at work foilowing a change in
the exchange rate. The effects on both exports and imports
have been decomposed into a price effect and a quantity
effect. These, in turn, have been analyzed in terms of
their short-run and long-run components.

The usefulness of ti. -»dil in empirical analysis
is limited by the one-commouity ass;wrption. Because of the
ceteris paribus conditions which underlie supply and demand
functions, the relationships described in this chapter are
valid only if no close substitutesg exist (i.e. cross-price
elasticities are zero). This observation is supported by
~ Chambers and Just when they state:

“In point of fact, the ekcess demand relation. . .
can be derived from standard neoclassical demand
theory only under the assumption of zero cross-
price elasticities between the traded agricul-

~ tural commodity and all other goods for which
prices are not constanf or under similarly re-

strictive assumptions.

The present chapter is not intendgdbto portray the
real world perfectly, but.to serve as a conceptual frame-
work—--a sourée of perspectivé and a point of departure when
considering the effects of exchange rates on agricultural

prices and trade.

lRobert Chambers and Richard E. Just, "A Critique of
Exchange Rate Treatment in Agricultural Trade Markets,"
‘American Journal of Agricultural Economics, 61 (2), (May
1579): p. 251.

'




CHAPTER III

A REVIEW OF SELECTED EMPIRICAL STUDIES

A number of studies have been conducted recently
with a view to determining the‘sensitivity of agricultural
prices and trade to changes in the exchange rate. Special
atténtioh will be given to étudies by Schuh, Dobbins and
_Smeal, and Vellianitis-Fidas because: (a) they il trate
alternative methodologies; and (b) they arrive at seemingly
contradictory conclusions. |

”

The Research in Review

~In 1974, Schuh examined the effect of exchange rate
changes on aggregate U.S. agricultural exports.¥‘ Although

2 at this

N ’ . . . :
not supported by a "systematic parametric analysis™”
time, he suggested that recent changes in the exchange rate
had induced an export boom thereby being responsible, at

deast in part, for increases in agricultural prices.

' schuh attempted to support these ideas empirically

: lG. Edward.Schuh, "The Exchange Rate and U.S. Agri-
culture,"” American Journal of Agricultural Economics, 56(1),

(February 1974), pp. 1-13.

21pid., p. 12.

v
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1 Short~run and long-run

in a‘subsequent'article in 1975.
export supply elasticities of 1.26 ané 6.48 were determined
by the substitution of data into Equation 2.12. Citing
Tweeton, Schuh suggested an export demand elasticity of from
-6.42 to -15.85.2 Without any further analysis, Schuh con-
cluded that devaluations have 5a rather sizeable effect on
the foreign demand for imports and helped to trigger the
price spiral of recent years."

Dobbins and Smeal attempted to extend the work of
'~ Schuh by substituting the derived ES and [ED elasticities
into Equations 2.21 and 2.22.4 Téble 3fl contains the
results. The approach can be criticized because it ignores
the restrictive assumptions of the basic model (i -.
one-commodity world) as discussed in Chapter II. (ln de-

fense of the methodoiOgy, one could cite the high level of

aggregation involved in this study. As the level of

lG. Edward Schuh, "The Exchange Rate and U.S. Agri-
culture: Reply," American Journal of Agricultural Economics,
57(4), (November 1973), PP. 696-700.

2Luther G. Tweeton, "The Demand for United States
Farm Output,” Food Research Institute Studies, 7 (1967),
pp. 343-369.

The export demand elasticity estimates by Tweeton are based
on Equation 2.13. Since "ROW" was composed of a number of
individual countries, an export demand elac'icity was esti-
mated for each individual country and a we_ghted average
was calculated as an estimate of the export demand elasti-
city for U.S. exports. '

3

Schuh, p. 699.

4Paul Dobbins and Gary L. Smeal, "Exchange Rates and
U.S. Agricultural Exports,” in Jimmye S. Hillman and Andrew

Schmitz (eds.), International Trade and Agriculture: Theory
and Policy, (Boulder, EoIpraao: Westview Press, 1979),
PP. 163-182. '
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aggregation increases to include all agricultural exports,
the expected cross-price elasticities, and therefore the
expected bias, can be expected to decrease.) Dobbins and
Smeal qualify their resulté'ﬁy adding:

The interaction of exchange rates with other

economic variables suggests that the basic

supply and demand model discussed' above can

be quite misleading. Exchange rates do not

change with everything else held constant.

To the extent that exchange rate changes

cause price and income changes as well as

distributional effects, the supply and demand

curves will be shifting.

Vellianitis-Fidas challenged Schuh's conclusions
after conducting both a cross-sectional and a time-series
analysis of U.S. trade.2 The cross-sectional analysis
examined trade flows in wheat, corn and soybeans before and
after the April 1971 and February 1973 devaluations of the
U.S. dollar. This devaluation prompted many tradihg part-
ners to float their currency vis-a-vis the currency of dif-
ferent countries. Ordinary least squares regression analysis
failed to detect a significant relationship between the mag-
nitude of these changes in the ekchange rate and observed
changes in the volumes of wheat, corn and soybéans traded
with these different countries.

The time~-series analysis of Vellianitis-Fidas in-

volved selecting 20 countries which had devalued or re-

valued their currency at ieast once between 1960 and

1Dobbins nd Smeal, pp. 170-171.

2Amalia vellianitis-Fidas, "The Impact of Devalua-
tion on U.S. Agricultural Exports,"” Agricultural Economics
Research, 28(3), (Jdly 1976), pp. 107-1l6.
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mid-1969. Regression analysis was used in an attempt to re-~
late exports and imports of five commodities--wheat, corn,
cotton, tobacco and oilseeds--during this time period to the
prevailing exchange rate. An equation was estimated to des-
cribe U.S. exports of each commodity to each country in the
study with the exchange rate being entered as a dummy vari=~-
able with a value of zero before and a value of one after
the exchange rate chapge. Agéin, no significant relation-
ship was detected between the exchange’rate and trade in the
stated commodities.

Various authors have offered explanations of why " i
trade may be unrespansive to changes in the exchange rate.
Dobbins and Smeal suggest "inertia" as a factor contributing
to the insensitivity of trade volumes to changes in the

exchange rate:

. . . force of habit, contractual obligations.

such as the U.S.~Soviet wheat agreement, uncer-

tainty stemming from accrued market information,

established transportation facilities, etc.,

will tend to calcify trade patterns.

.This explanation could be valid especially in the short run,
Institutional factors such as the variable levy as

applied by the EEC have been’suggested repeatedly. In terms

of the conceptual framework presented in Chapter II, the

variable levy acts by offsetting any change in the exchange

rate in a manner such that the 'ED function does not shift. The

result--a zero price effect and a zero quantity effect. Grains

-

A

1Dobbins and Smeal, p. 175.

e’




in particular, are subject to the EEC variable levy. 1In
addition, grains are usually sold and delivered under con-
tract. .In the short run, at least, these factors will de-
crease the sensitivity of prices and trade in these commo-~
dities to changes in the exchange rate. The results of

Vellianitis-Fidas support such an argument,

Summary

~

Chapter III outlines three studies which have
attempted to measure the sensitivity of ayricultural prices

and trade to changes in the exchange rate. The analysis of

Schuh and of Dobbins and Smeal, by ignoring cross-price &

elasticities, can be expected to contain an upward bias.
By estimating the exchange rate effects in a direct manner

from a historical data series, Vellianitis-Fidag avoids this

~—

bias.

The results of these studies must be interpreted
- with cauti&n since, as suggested in Chapter II, the effdct
of a change in the' exchange rate can be expected to differ
depending on the supply and demand elasticities of the par-
ticular commodity under 'study. The present study examined
the Canadian pPork industry with a view to increasing the

understanding of the effects of exchange rate fluétuations

on this industry.

37
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CHAPTER 1V

CANADIAN PORK PRODUCTION IN A
NORTH AMERICAN MARKET

-

Introduction

One of the stated objectives of this study was to
investigate several alternative econometric models with a
view to determining whether a simple relationship could be‘
demonstrated between fluctuations in the Canada-United
States currency exchange raté,‘Canadian hog pricéé and
Canada-United States trade flows inidressed pork products

since the inception of a flexible exchange rate system in

1970. Before proceeding to a discussion of the methodology

invoived, a brief outline of the Canadian and North American

pork market is presented.

Canadian Hog and Pork Production
in Perspective

CJ

The conceptual model presented in Chapter II d;mon-
strates the results of: (a) a small importing nation being
faced with an infinitely elastic excess supply. function;
and (b) a small exporting nation being faced With an infi-

nitely elastic excess.demand function.l Under the

lThis assumes that production And trade of the com-
mddity in questions is very small relative td the rest of
- the world.
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simplifying assumptions of the modei, opportunity foretrade
(arbitrage) acts to equalize prices in éhe different mar-
kets. Therefore, domestic prices\are"effectively determined
by non-domestic supply and demand factbrs.

The simple model outlined above is a useful point of
~ departure when studying Canadian pork production and trade.
Table 4.1 summarizes world production of pork by country in
the years 1976 to 1978. Ccanada ranked twentieth among the
major pork producing countries in 1978. Total Canadian pro-
duction was 615 thousand metric tons in that year, or 1.25
percenﬁ of the world totailof 49,168 thousand metric tons.

That Canadian production is so small relative to
total world production suggests that, in the absence of
barriers io trade, Canadian prices wbuld depend more on
'internatlonal than on domestlc'supply and demand factors.

Of the so-called "free" econtmies, ‘the Unlted States market
is the largest, exceeding that of the next largest (West
Germany) by-a factor of two andwexceedihg thd£ of Canada by
a factor of 10. Because of the proximity and size of the
U.S. market, and because of the relatively unrestricted
trade in‘pork between Canada and the United States, the
canadian pork market is usually assumed to be dominated by
the U.S. market.1

Figure 4.1 is a schematic representation of factors

affecting: (a) Canadian and American hog prices; and

lIf not represented, the situation is at leaséL
approximated by that illustrated graphlcally in FlgureSz
2.7 andzoso ’ ~



Table 4.1

World Pork Production
(000 Metric Tons)

1969-71 1976 1977 .1978
China 9639 13327 13657 14064
U.S.A. 6227 5631 6009 6060
U.S.S.R. 4638 4228 4950 5200
W. Germany 2223 2423 2483 2620 °
Poland 1312 1540 1542 1833
France 1388 1658 1605 1670
Japan 722 1056 1169 1285
E. Germany 838 1099 1158 1174
Netherlands 704 936 966 1053
Italy 590 8l6 904 955
Hungary 598 765 865 880
U.K. 934 852 905 879
Brazil 763 785 834 850
Czechoslovakia 566 699 749 815
Denmark 722 716 744 812
Spain 468 49 735 803
Romania 447 2 778 772
Yugoslavia 515 600 658 656
Belgium-Lux. 455 575 586 628
Canada 611 533 539 615
Viet Nam 345 420 420 440
Mexico 240 389 410 414
Philippines 304 373 374 387
Austria 263 307 3 310
Sweden 239 294 3 306
Switzerland 201 246 26« 263
Bulgaria 160 317 275 260
Argentina 221 258 238 211
Australia 173 174 185 197
Other 2113 2484 2617 2756
Total 38,619 44,922 47,237 49,168

———

~

Source:

FAO Production Yearbook, 1978, Vol. 32.
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(b) Canadian and American trade in pork and hogs. Inherent
in the diagram is the assumption that North American hog

prices are determined by the interaction of supply factors

and demand factors. Supply factors are represented by hog

slaughter, pork stocks and net trade in pork/and live hogs.

SUUININ SRR

Demand for hogs is a derived demand which ultimately depends , i
on population, price of pork substicutes, disposable income,
income distribution and tastes. Figure 4.1 indicates how

these various factors likely interact to determine Canadian

G e

and United States hog pricés, and Canada-United States

trade in live hogs and pork.

Canada-United States Price
Relationships

In the absence of arbitrége costs, the oppdortunity

for trade would theoretically tend to equalize Canadian and

‘United States hog prices.1 However, arbitrage costs do
exist in the form of transportation co«ts, tariffs, exchange

rate differences and miscellaneous cther ccsts (i.e. incon-

venience). Even if exchange rate fluctualions were accounted

for by converting to a common currency, the Canadian price

would still be expected to differ from the U.S. price (now

in Canadian dollars) by some amount not exceeding the ' : 2
i
!

sum of the remaining arbitrage costs. The usual @ssumption

~

lThis statement assumes equal marketing margins and
products of equal quality.
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is that pork prices aré subject to an upper limit ("ceiling")
equal to the U.S. price Plus arbitrage costs when in a net
import p;sition and a lower limit ("floor") equal to the
U.S. price minus arbitrage costs when in a net export posi-
tion.l Thé opportunity for arbiérage will tend to keep the
Canadian price within this range. Where within this ranée
the Canadian price finally rests is assumed to be a funétion
of domestic supply and demand factors.2 (Figures 4.2a and
4.2b illustraté the historical relationship between the
average monthly Canadian and U.S. hog prices for the period

1970 to 1979.)

Canadian Trade in 3
Dressed Pork Products, 1970-1979
The dégree to which arbitrage has occurred"in the
Canada~U.S. pork market is documented in the form of trade
statistics. Figure 4.3 and Appendix A prgvide an overview of
annual Canadian exports and imports of dressed pork préducts
for the period 1970 to 1979. (Although this study is pri-

marily concerned with monthly variations in trade flo&s,

1M.H.'Hawkins, R.K. Bennett and A.M. Boswell, North
American Hog/Pork Study, (Ottawa, Canada: Economics Branch,
Canada Department o Agriculture, 1972).

2James L. Dawson, "Canadian Hog Prices Within a
North American Market," Canadian Farm Economics, 7(4),
(October, 1972). .

: 3For,the purposes of this study, exports and imports
of "dressed pork pProducts" has been defined as the sum of
the respective tariff classes illustrated in Appendix B,

- seve .

Attt
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Figure 4.2 The Historical Relationship Between Canadian
and U.S. Hog Prices, 1970-1979

a) Average Monthly Toronto Hog Price
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Figure 4.3 Annual Canadian Exports, Imports and Net
Trade in Dressed Pork Products, 1970 - 1979

a) Canadian Exports By Destination (in million pounds)
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these data are purposely presented on an annual basis so as
to provide an overview of the decade in question).

- The United States and Japan can be seen to have been

‘the major export markets for Canadian dressed pork products

~

during this period (see Fiqure 4.3a}. Annual exports to the
United States varied from 58.7 million pounds in 1970 to
19.2 millions pounds in 1976 and 85.8 million pounds in 1979.
Exports to Japan, on the other hand, weré 6.4 million pounds
at the beginning_of the decade and incréésed to 74.2 million
pounds in 1977 before decreasing to 70.2 million pounds in
1979. These two markeés‘accounted for between 84.9 and 97.6
percént o:fzstal\annual exports of dressed pork products
from Canada in each of the ten years under study.

Canadian imports of dressed pork’products have his-
torically originated predominantly in the United States--in
excesé of 90 percent in every year since 1974, Annual im-
ports from the United States were at their lowest in 1971
(22.9 million pounds) bef3re increasing to 197.0 million
pounds iﬁ 1977. The cecade closed with 67.7 million pounds
being imported from the United States in 1979. Figure 4.3b
illuétrates these changing levels of imports'ove: time, |

Net Canadian trade in dressed pork productsl with -
the United States decreased from +52.4 million pounds in
1971 to -177.2 millioh pounds in 1977 before increasing to

+18.1 million pounds in 1979. Figure 4.3c illustrates these

lDefined as exporfs nminus imports.

A
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Figure 4.4 Monthly Canada-United States Trade in
Dressed Pork Products, 1970 - 1979

a) Canadian Exports to the U.S. (in million pounds)
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changes graphically.

Although useful in indicating géneral trendé, annual
data tend to mésk important month~to-month variations.
Figure 4.4.is provided so as to &llustrate the monthly
variation in Canada-U.S. trade flows of dressed pork products
from January 1970 to Deéémber 1979. It was with these varia-

tions that the analytical portion of this study was most

concerned. -

Summary

This chapter has attempted to outline ‘some charac-
te;istics of the North American market for hogs while at the
same time reviéwing the historical relationship between '/
Canadian and United States hog prices and the historical
flow of dfessed pork products between Canada and the United
States. Consi&érable,month-to-month variation in.Canadian

hog prices and in Canada-United States trade flows in

. '*'\‘ .
‘dressed pork products has been demonstrated, thus setting Y&T”

the stage for the empirical portion of this aﬁalysis-—to
invéstigate a number of ecoanetric models with a view to
determining whether simple relationships can be demonstrated
beﬁween variations in the above-stated variables and fluc-

tuations in the Canada-United States currency exchange rate.

48



CHAPTER V
METHODOLOGY

Introduction andg
Scope of the Analysis

& k3

tfiI sdggested a theoretical basis for varia-

f?ces and§inr trade flows as the result of exchange
rate fluctéﬁtlons. In so doing, it illustrated how the
total effect of a change in the exchange rate can be decom-
posed into a price effect and a quantity effect. Each of
these in turn was shownwgo have a short-run (i.e. demand-
related) and'a long-run (i.e. supplyhrelated) component.,
The analyt1cal portion of this study focused on short-run
effects only in pursulng the second statéd objective of thig
study~-to investigate a number of alternative econometric A
models w1th a view to determlnlng whether a simple relation-
ship could bedemonstrated between fluctuatlons in the average
monthly exchange rate and: (a) monthly-variations in
‘averege Canadian hog prices; and (b) monthly variations in
Canada-United States trade flows in dressed pork

products, since the inception of a flexible exchange rate

system in 1970.

49
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The Effect of Exchange Rate

Fluctuations on the Canadian Hog Price

The methodology employed in this portion of the
study was an extension of éhat usgd~by Dawson in a 1972
study.l Looking at quarterly time-series data and usinq
multiple regression analysis, Dawson attempted_to explain
variations in Canadian® (Toronto) hog priées by using two
explanatory variables: (a) the price of barrows and gilts 
at seven U.S. markets; and (b) Canadian hog gradings.
Dawsoﬁ estimated that 86 percent of the variat%on in
Canadian hog prices could be explained by these‘two’indepen-
dent vériables. From this analysis Dawson concluded that
the base price for hogs is established in the United States
ana " . . atvﬁost, Canadian production can only shift the
domestic price within a narrow range relative to this base
price."2

The present analysis began with the invgstigation of
a model specification similar to that of Dawson. It differed
in two major respects: (a) monthly rather than gquarterly
data was used; and (b) Canadian hog slaughger rate rather
than Canadian gradings was used as a quantity variable. The

model specificatioh can be expressed mathematically in the

folloﬁing form:

lJames L. Dawson, "Canadian Hog Prices Within a
North American Market,”"™ Canadian Farm Economics, 7(4),
(October 1972), pp. 8-11.

2

Ibid. '\ P -(’%l .
\

i
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Model 6.1: PHOGT = B, + B,PHOG3 + B,TSLWT + U

where:

PHOGT =

i

PHOG3

TSLWT
4] =

From
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the average ménthly Toronto hog price;

the average monthly price of hogs at seven U.s.
markets; ‘

a measure of the rate of Canadian hog slaughter;

an error term.

this beginning, an attempt was made to improve

on the explanatory power of the model by including the

Canada~United States currency exchange rate as a variable.

To this end,

Model 6.
Model 6.

Model 6

where:
R F
PHOG4 =

fh:ee additional models were investigated:
2: PHOGT = By + B,PHOG4 + B,TSLWT + U;

3: PHOGT = B, + B,PHOG3 + BzPHOG3(R-l) +
BsTSLWT + U; and

-

TSLWT

Bsphiogs * UV

the Canada-United States currency exchange

rate;

PHOG3 (R) ; and

other variables are as previously defined.

The rationale for choosing this particular'analyti-

cal sequence

is discussed more fully in Chapter VI along

with the results of the analysis. At this poxnt, 1t need

only bewgagtloned that the choice of models was gulded by

the objectlve of the analysis; namely, to estimate an

e aidia



unbiased excliange rate coefficient.

! -

The Effect of Exchange Rate
Fluctuations on Canada-United States
Trade Flows in Dressed Pork Products
The metHbdology employed in investigating the effect

of exchange rate fluctuations on trade flows in drgssed pork
products was inspired in part by the work of Vellianitis-
Fidasl (héreafter reférred to as V-F) who, as discussed
éarlier,Aused multiple regression analysis in an attempt to
determine what effect exchange rate flucﬁuations have»had on
United States agricultural exports. The‘preéent sfudy dif-
fered in a number of ways, one being that it considered
three dependent variables--(&) exports; (b) importé; and

(¢) net trade--in attempting to determine the effect of
.‘\ .

.éxchangewrate flugctuations on trade flows.

o The V-F study concluded that guantity factors

(E.e. ievels of production)’wére the major determinant of
trade flow variations. An exchange rate effect could not be
diqsriminated with tpe methodology employed.: Since the P
\Fffect of a change in the exchange rate is dependent on the
Quéply and demand elastié&ties of the_cjhnodity under study
(as discussed in Chapter II), there is no justificalion‘for

automatically extrapolati!ﬁ’?he results and comclusions of

that analysis to the Canaggan pork sectqr. The V-F study

:
1Aualia Vellianitis-Fidas, "T mpact of Revalua-

-tion on U.S. Agricultural Exports,” 2 ultural Economic

Research, 28(3), (July 1976): 107-1

. i
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!
.is of use, however, to the extent that the methodology can

be adapted to the current study.

In a manner reminiscent of the V-F.study, the pre-
sent study attempted to use quantity variables rather than
. . “«
price variables in explaining variations in the levels of

Canada-Unit%d‘States trade in dressed pork products. This
Y

appro h was’necessitated by the desire to avoid the use of
expla:§:BTy~Q§£$geles which were deemed,.a priori'_EP L
affected by fluctuéaions in the exchange rate.l Simce fluc-
tuations in the exchange rate act through the medium of
price in affecting tféde flows, the use of both price and
‘the exchange rate as explanator;\variables w’gld have vio—.
lated a necébsary conditidn in ordinary least squares re-
gression analysis--that such right-hand variables be@'
linearly unrelated if unbiased éoefficients are to'be'bgé
tained.? ' o |
With these criteria in mind, the rate of“éanadian
hog slaughter, the level of American hog slaughtér, Canadian
+ pork stocks and Américan pork .stocks were chosen as quan-

R

»gify'variablesiin attempting to éxplainﬁ%&fiations in

ﬁgﬁé
% canada-United States trade’ flows of dressed pork products.
R it
. “ In additlbn, the Canadlan tariff on fresh and frozen pork,
I s
..:i.j‘" L, . t Y
- B S - 1 f
) _ Although quantity snpplled may be a functlon of
=. . +the exchange rate in some- previous time period, this study
" -assumes that quantity supplied in the present period is not
: related to the exchange rate in that period.
2J. Johnston, Econometric Methods, (New York:
McGraw-Hill Book Company, inc., 1963), p. 275.
NS .
PR B“ >
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the American tariff on fresh and frozen pork, Japanese im-
ports of Canadian dressed pork products and the Canada-

United States currency exchange rate were .:xamined as pos-
sible éxplanabory:variables. Using these variables, eight

econonpetric moﬂe13‘were specifi® and investigated (see
. . . 0,

JFiéure 5.1?. "In general, the choice of econometric models

Qasvgg;erned by ‘the desire to estimate unbiased exchange

. rate,dogfficients. A more complete discussion of the

r&tionale for choosing these particular econometric models
is included in Chapter VII, along with the presentation of
the analytical results.

&

Sources of Data

2
~One of the stated objectives of this study was to

investigate several alternative econometric models with a
view to determining.whetﬁér a simple relationship could be
demonétrated between exchange rate fluctuations and: |

(a) Canadian hog §rices;i;n§ (b) Canaga-United States pork
trade, gy an;lyzfng a hist;;ical data series. This analysis
was based @n monthly time-series data for the period

January 19?%?to December 1979--a totil of 120 observations.

!

The identities and sources of data used in the study are

outlined and discussed below in alphabetical order. Each

variable isgidentified by’code letters in order -to facili-

-

tate the dﬂpcussion of results in Chapters VI and VII. l\
y "" s . ’ Lt

b

DA
0 ® . | , L

RY I o,
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Figure 5.1

EXEOI‘tS

Model 7.1:

Model 7.2:
Model 7.3:

d

L4

Imgorts

Model 7.4:

Model 7.5:

Model 7.6:

Net Trade

Model 7.7:

Model 7.8:
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(A Summary of the Model Specifications
Investigated in Analyzing Canada-Unitet#’
States Trade in Dressed Pork Produc_ﬁs%

‘.,

by,

X2AGG = By + B TSLWT + B,QSPK2 + B,STKPKL + o
BySTKPK2 + BsX3AGG + B4DUTY2 + B,R + : -

error term € o

o : ' ;/,»“(?‘b\ -

X2AGGP = B, + B;TSLWTP + B,QSPK2P + B,STKPK1P + s S

B4STKPK2P + BsX3AGGP + BsR + error term

LX2AGGP = B, + B1LTSLWTP + B2LQSPK2P. + .
8 3LSTKPK1P + B4 LSTKPK2P + 8;LX3AGGP +
BeLR + error term ' 3,

M2AGG = B, + BiTSLWT + B,QSPK2 + B ;STKPK1 +
BuSTKPK2 + BsX3AGG + B¢ DUTY1 + BsR +
error. term

M2AGGP = B, + BlTQiWTP + B2QSPK2P + B,STKPKI1P + .
N By STKPR2P + BsX3AGGP .+ B4R + error term
-~ « e

LM2AGGP = B¢ + B,LTSLW®® + 8,LOSPK2P +
B3LSTRPK1P + B,LSTKPK2P + BsLX3AGGP +
BsLR + error term

NET2 = B, + B,TSLWT + B2QSPK2 + B;STKPK1 +
' B4+ STKPK2 + -BsX3AGG + BeDUTY1 + 8,DUTY2 +
BsR + error term

NET2P = R, + B TSLWTP + B2QSPK2P + B3STKPK1P +
BsSTKPK2P + B¢X3AGGP + BsR + error term

.

3
.. @ section.

%The variables are as defined in the following g

. ' &
1 - &i&a

>
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1. ASLWT - This is the average warm slaughter weight, in

pounds, of inspected hog slaughter in Canada for each

. month. Data were obtained from the Livestock Market
Rev1ew (Agriculture Canada) . 1
2. DUTY1l - This variable is a measure of the tariff (in
cents per pound) charg®d when importing fresh or
frozen pork into Canada. The source was the leestock

Market JReview (Agriculture Canada) .

3. DUTY2 - Thig variable is the U.s. tariff on fresh and .
frozen pork enterlng the United States as feported in

the Livestock Market Review (Agrféulture’Canada).,

4. HOGSL - This is the number of hogs slaughtered monthly
in federally 1nspected establishments in Canada as

reported in the Livestock Market iiv1ew (Agriculture

2‘ ‘ 2 % A

Canada).
5. M2AGG - This is the quantity of Canadian imports of
dressed pork Broducts from the United States (in million

pounds) . M2AGG was determineqd by aggregating over the

©

import tariff classes outlined in Appendix B. Data on

dressed pork Product imports were obtained from the pub~ qﬁ?

lication, Imports by Commodities (Statistics Canada). *

=
v

lThe authors of publications used .as data sources
are provided in brackets g .

2Statxst:.cs Canada, at times, estlmates monthly data
by aggregatlng weekly data. In such cases, every third )
month is assumed to consist of five'weeks and all other féf
months consist of four weeks. This is the case with monthly )
hog slaughter,

¢

*a;o o * o~



6.

A

10.

NET2 - This variable is a measure of net trade (net

exports) in dressed pork products with the United States

(in million pounds). NET2 is defined as X3AGG minus

MZAéG.

PHOG2 - This is the average monthly price of barrows

and gilts at sevgp U.S. markets (SU.S.). The data are
ALY ey

reported in UJS dollars per hundredweight live.. The

source of these data was the Livestock and Meat Situa-

tion (U.S.D.A.).
PHOG3 - This is the average monthly price of barrows
and gilts at seven U.S. markets ($U.S.) converted to a
dressed we{ght basis as follows:
PHOG3 = PH0G2/0.77.

PHOG4 - This is“the average monthly price of barrows
and gilts at seven U.S. markets in Canadiap¥dollars per
hundredweight dressed. This Yariabls‘was calculated as
PHOG3 multiplied by R. .

PHOGT - This variable is a measure of the average mon-

' thly dressed hog price per hundredweight ($CAN) in Toronto

as reported in the Livestock Market Review (Rgriculture

Canada) .
PﬁPL;f‘This variable is an estimate of the beginning-of-
mnnthﬁaancdlan populatlon. Quarterly population esti-

mates were obthlned from the Estlmated Population by
¢ ﬂﬁ/ [

. PrOvings by Quarterly Periods (Statistics Canada).

Monthly estimates were ohdained by interpolating be-
tween the quarterly‘estimates. This variable was used

to convert Canadian hog quantity data to a per capita

A
.

A
- -
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12,

13.

14.

15.

the Livestock and Meat Situation (U.S.D.A.).

58

basis. Variables expressed on a per capita basis are
identified by adding the letter P to the variable code
(i.e. X2AGGP, M2AGGP, NET2P, TSLWTP, STKPKlP} X3AGGP) .
POP2 - This variable is an estimate of the beginning-of- .
month United States population as obtained from fhe

Survey of Current Business (U.S. Department of Com-

merce). This variable was used to convert U.S. hog and
pork gquantity data tor a per cépita Basis. When so
expreésed, the data were identified by adding the letter
P to the variable code (i.e. QSPK2§ and STKPK2P).
QSPK2 - This is the monthly United States-pork pfoduc-

tion in million pounds as reported in the Livestock and

Meat Situation (U.S. % ).

R - R is the symbol uged to denote the exghange rate

variable in this study. More spec1f;ca11y,~1t is the
pricefin terms of Canadian dollars of one United

States dollar. Average noon quotations for each month

were obtained from the Bank of Canada Review (Bank of

Canada).

' : >
STKPK1 - This is the beginning-of-month stock of frozia

pork in storage in Canada (in thousand pounds) as re-

ported by the Livestock and Anlmal Product Statistics

(Statlstxcs Canada)
STKPK2 - Whis is theAbeginning-of-month stock of pprk

in the United States (in million pounds) as repforted in
’ »
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17.

19.

20.

I3
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TSLWT - This is a measure of the rate of %ork produc-
tion in Canada in each month. The variable is calcu-
lated as HOGSL multiplied by ASLWT miltiplied by 0.97
(to convert to a chilled basis) divided by 1,000,000
(to express the variable in terms of million pounds per
month) divided by the number of weeks in each respec-
tive month. TSLWT is, therefore, the average pork pro-
duction per week (in million pounds) in each month.
This approaéh was necessitated b¢Cause the "months"

for which HOGSL was reported were not of equal length.

X%AGG - Thiv.ygrihble represents the sum of canadian

_.«,.)'H;;' )

g

exports of dressed po:kﬁproducts to the United States
(in million pounds) as obtained by aggregating over the

exﬁort tariff classes outlineéd in Appendix B. Data on

" exports of dressed pork products in individual tariff

classes were obtained from Exports by Commodities

(Statistics Canada).

X3AGG - This variable is a measure of Canadian exports
of dregsed pork products (in million pounds) to coun-
tries other than fhe United St:ai.:e’i.A The variable was
calculated as XTAGG minus X2AGG aﬁd was included in the -
analysis as a proxy for exports to Japan during the‘
period'under'study. |

XTAGG - This is a measure of total Canadian‘exports of
dressed pork products (in million pounds) as obtained

by aggregating over the exporf tariff classes outlined

in Appendix B. Data on exports of dressed pork products



—_

in individual tariff classes were obtained from Exgoris

by Commodities (Statistics Canada).

Analytical Procedure

4

The analytical procedure began with the specifica—
tion of a number of econometric models. The required data
were then collected, aggregated and manipulated as outlined
in the preceding section. Multiple regrepsioh analysis wes‘
then applied to the data in an attempt ﬁb demonstrate an.
exchange ra;e effect on each of the four-dependent vari-
’Aables using the models specified. Whenever feasible, the
_ectua1~analysisvwas conducted in the sequence outlined
below. |
1. Correlation analysis - Correlatlon coefficients were

estimated between the variables in theakodel under
1nvestlgation. This procedure was useful in indicating
possible multicollinearity.

2. OLSQ - Ordlnafy least squares multiple regression analy-
sis was applied to the data series using the functions
specified.

3. CORC - fhe Cochrane-Orcutt iterative technique was
applied to the data using the functions specified. This

c\"’procedure was required with all of the models because of

. N 2l
the positive autocorrelation common to them when OLSQ

regressian analysis was applied.

8
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Summary
ey
This chapter has attempted to outline the methodo-
logies employed in the study. The choice of variables has

been discussed and a summary of the models included in the

- analysis has been provided. Finally, the data base has been

reviewed and the investigative procedure has been‘outlined.

The results of the analysis appear in the following chapters.

an e S

K
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CHAPTER VI

EMPIRICAL ANALYSIS I

Four models of increasing complexity were specified
and investigated with a view to estimating the degree to

,which month-to-month fluctuations in the exchange rate have

N

been incorporated into the Toronto hog price during the

1 A basic model similar to that of

peripod under study.
Dawson was specified.2 This basic model was then extended
by incorporating the exchaﬁge'rate into the model. The

four models investigated are di'scussed in order of increas-

ing complexity beginning with the original basic model. r

<

lAn éssumption of this study is that monthly fluc-

- tuations in the Canada-U.S. currency exchange rate have a

negligible effect on the U.S. hog price. The validity of
this assumption isfsupported by the following study:
Peter Tryphos, An Economic Model of the ‘Canadian Red Meat

System for Policy Analysis, (Gttawa: Agricultural °
EconomicB Research Council of Canada, 1974), p. ll4.

o 2James L. Dawson, "Canadian Hog Prices Within a |
No merican Market," Canadian Farm Economics,. 7(4),

(, tober 1972), pp. 8-1l. b

| &
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Model 6.1

Dawson concluded that the Canadian price of hogs was
a function of the American hog price and the rate

of Canadian hog slaughter. This hypothesis was retested

‘using the following model specification:

Model 6.1: PHOGT = By + B PHOG3 + B2TSLWT + U
where: PHOGT = Torpnto hog price ($SCAN dressed);
PHOG3 = U.SA hog price ($SU.S. dressed);

TSLWT = rate of Canadian hog slaughter (as deflned
in Chapter V); and

U = an error terh. ' ..
. ‘ N [ ]

‘q; A correlation analysis of the variables included in
Model 6.1 gave the results presentéd in Table 6.1. A high
positlve correlation (0.977) was shown.to exlst between the
Canadlan and U.S: hog prlce as would be expected in an arbi-
traged market. A”negatlve correlation (-0.237) was shown to
exi;t between thé-Canadian hog ﬁrice and the Canadian
sla&ghter réte.

The next step in the analysis was to apply ordinary

least squares regression analysis (OLSQ) to the data, there-

by estimating coefficients for the variables included in the

model (see Table 6.2). The results of the analysis are

unreliable because of the positive ihtocorrelation present

(D.W., = Ga78).l The coefficients are inefficient (i.e. not

ity

lsee Appendix C for a more thorough discussion of
autocorrelation—(1.3.,sap!es, lmpllcations and solutions).
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minimum variance) and the test statistics are biased--the
direction of the qnticipated bias being ;s ir' sted by,
the bracketed signs. s
To circumvent the problem of autocgrrelation, the
model was re-estimated using the Cochrane-Orcutt iterative
technique (CORC). The Tresults are presented in Table 6.3.
Nlnety-elght percent of the variation in PHOGT can be ex-~
plained by variation in the explanatory variables included
in the transformed model.l The coefficient attached to
PHOG3 is of the anticipated sign (+ve) and significant at
the 99 percent confidence level. The'coefficiegf attached
to TSLWT is of the expected sign (-vefr however, it is not
significantly different from zero at the 90 percent confi-

dent level. Any conclusions which could have been drawn

from the: analysis are weakened by the pésslblllty of nega-

tive autocorrelation in the transformed model (D.W, = 2,28).

Model 6.1, although not provgding any insight into
the effect of exchange rate fluctuations on Canadianyhég
: . "-l ‘-‘ .
Prices, does serve as a poipt 'of departure in the specifi-

cation of a more complete model.  "},f,
) \‘,t» : -

g

lRecall thatﬁpne of the variables in the transfo:
model (CORC) is the value of the dependent variable in the
preceding time period.
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“wikreby conyerting that 'price to its Canadian dollar equiva-

the' ”first clue as to the:

.IJ

-

& The next step in’the analysis involved the introduc-

Model 6.2

-t

\od

v ¥
, ti@the exchange rate to the model in the simplest -

B mannep possible. This was accomplished by multiplying the

o

U.S. hog price ($U.S.) by the exchanyé rate ($CAN/SU.S.),

lent. The resultln.q model was as fol‘lows'

Model 6. 2., PHOGT = B8, + s;ﬂﬁbqg + B;TSLWT +wU
whibre: PHOG4 = (PHOG3)R' . ;'%g,jfﬁ ™o
S s '
» - ,,?}7-.
R = Canada-U N‘S . curren@% ,eg:change rate;

.and other v'arxables are as prevxcuslg, gefined.

< « g
Models 6.1} and 6. 2”are of 1nterest not only because
e 2

they act as a logicar’sbeginning &nd progressxon in the deve—

A Q
lopment of -Models' 6..3, a /‘ 4, ‘but also beca&se they oﬁfer
o o £ ONAEY L

& ‘-b-

rate on the Toronto hog pr}ce. If the effect of eXxchange

- rate fluctuatlons were completely 1ncg§porated into the

Al

Toronto hog price, PHOGT would be® more closely correlated

h ]

N e
with PHOG4 than ‘'with PHOG3. This.was not found to be the
é’l’: was .found to be more

case (see Tables 6. 1 and 6. 4). P
closely correlated with the U.S. price pf hogs expréssed 1n
terms of U. S dollars (0 977) than with the U S. ‘price of
hogs expressed in terms of Canadian dollars (O 971). Fur-
ther analysil wasnecessa.py to better. Wrstand the forces
involved. : o » '. .

Ordim leatt squares regreaasion analyszs when

-

' applic@to the data bau usinqmodq’i 6.2 gave the results in _.

,'

ure of the effect of the exchange

68
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Table 6.5. AlfdcoefficientS'are of the anticipated sign and

an R-squafedzof 0.95 3 dicated.;s('!££_th§t the explana-

8, in fact, decreased from that of
quel‘G.l.) As Wth Model 6.}, any conclusions which might

.otherwise have been {rawn are.weakened by the presence of

- positive autocorrelatlon (D.W. = 0. 66) The direction of

any antlclpated bias is again lndlcated by the bracheted

signs after the respective test statlstics.
Appllcatlon of the Cochrage-Orcutt 1terat1ve tGChasﬁﬁ

nlque to the data uSth)hbd‘ﬁ 6.2 gave the results outhyhed
0

¥in Table 6 6. Pb&ltlve autbcorrelatlon is no Ig%ger presenﬁ

'

“however, the analytlcal technlque has ,again sintroduced the

pOSSlblllty of negatlve autocorrelation at ‘the 95 percent

<

: conffﬁence level (D.W. = 2. 31). Given thls qualification,,

the modgl. suggests that the coeff;c;ent attached to PHOG4 is
of the é/;ected 81gn (+ve) and is 31gn1f1caht at the 99
percent confidence level. ‘The coeff1c1ent attached tb the
rate\of C&dlan hog slaughter (TSLWT) is also of the

expected sign (-ve); however, ‘it is not signiXjcan y dif-

,ferent from zZero at &he 90 percent confidence 1
possibxlity exists that the standard error is biased upward

and the coefflc;ent 18, in fact, more 81gn1£1cant than indi-

70

H
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?

_ P e - %
cated by the ana1y31s ) A Bj? oD R

The transformed model - eéglains 98 percent of the
varlation in the Toronto hog prlce--identlcal to the expla-
natory power of Model 6.1 whlch ignored the exchange rate.
T;zs again raigses questlons about the ccmgttteness of the
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. complete ?rbitrage between the Canadlan and U.S. hog markets,
“the Canadlan price of hogsL(SChN) would bé'expected to’ equal
the U S. pr:.ce of. hogs ($CaN) ,. Model 6.2 comes close 'o

;~wbe1ng an analogue of thls g;tuatlon, yet the inclusiop of.

tory power of the modei This suggests that ‘an, excharige

" hog prlces as doés an actual %Pangé Yin 0. S. p ce of hogs

{$U.8.) . . F A o

. manner as to f

'result was as follows.l

arbitrage process involved and the validity of- the specifi~

cation of Model 6.2.

\I

Mohel 6.3
I R ‘ o v
<. M ) beg
In the absence of other arbltrage costs, and glven

+

R ‘~4) -

3 Yo M

the (xg:hanget rat. in Model 6.2 d:.d not 1mprove the explana-

v 0

rate fluctuatlon* ea) does not have the same effect .as does’

L

an actual change 1n«the U.S. price of hogs ($U S.); and/or

3

(b) does not incorporate itself as rapldiy into the Canadxan

' To t¢st the hypothesis that a shift in the U.S.
price of h gs ($U S.) and a fluctuation in the exchange rate

ave in an ident1ca1 manner 1n affecting the

Canadian rice Zf’hogs, a new model was speclfled in such a
ukrth

er isolate the exchange rate effect. The

Model 6.3' PHOGT = By + B1PHOG3 '& BzPHOGB (R-—xl) + B3;TSLWT + U

lFlodel B 3 was derlved from Model 6.2 in the follow-~'

ing manner: : ; 4
I£f PHOGT = 8o + B;PHOGd + B2TSLWT +. u, and . . : )
if pHOG4 = (PHOG3)R = U.S. h.og price cscmn, substitution
into ‘Model 6.2 y ldl. ' , _ o

(cont'd) I ' yr .

. ~ C 4 - o . R . R '.-.

: . .. . : . . . « o
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where: ghbGT = Toronto hog price ($CAN);
PHOG3 = U.S. hog price (5U.S.);
R = Canada-~U. S.s!EFrency exchange rate,
TSLWT = rate of Canadian hog slaughter, and

U = an error term.

The efﬁéct ofta fluctuation in the exchange rateg
depends on: '{a) the magnitude of the fluotuation} and
(b) the price level at the time. The inclusion of;PHOC3 in
the exchange rate variabie can be thought of as a weightipg
o :

factor--the’ypgher the price level, the greater th%lexpected

. change in the exchange rate.v“<

" Cor ion analysls of the variables 1ncluded Ln

Model 6.3 producad the results outlined in Table 6.7. The
& .

Toronto hog price has a correlatlon of 0.977_w1th.the U.s. °

hog'price (SU S.) and a correlation of 0.48 with the newly

developed variable PHOGB (R-1).. No strong conclusions can

'be drawn from the estlmpted correlatlon coefficients

attached to the exchange rate variable. The coefficient is

.,d)

-useful mainly as a test for possible multlcolllnearlty in

""' .
 model. ¥

;- - °
. ) -
. i

~

1(cont'd £rom preceding page;°

~

PHOGT -= 8o + Bi(PHOG3)R + B2 TSLWT + U

= Bo + B;(PHOG3)(1l + R - 1) + B,TSLWT + U
= 8, + a;pnoc3 + e,(pHOQ) (R-1) + BzTSLWT + U.

If the coefgicients attaqhed to PH A3 and PHOG (R—l) ‘are” not

constrained to be equal, the model be respe fied as
follaws.r_ : - - -
PHOGQ = B. + B;PBOG3 + BqupG3(R—ll + BuTSLWT + U.
L e e .
KRR ,,,3 e R 2
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. Giv‘en complete and stantaneous arbitrage, a value
N of one would be anticipated when estimating the coefficients
S : attached to the price variable and the exchange rate vari-
able in Model 6.3 (and Model 6.4).1 An estimated coeffi-
cieht of zero would—imply that the respective variable is
e : not a factor in determinihg’the ‘average mohthly Toronto hog

£

price. With these two extremes in mind, OLSQ angd CORC

analysis were applied- to the data series, usiﬁg Model 6.3,
in an effort to estimate the degree to which month-to-month
fluctuatiOns in "these variables were translated into fluc-

tuations in the 'roronto ho price. N *

fea regy spion analys:Ls produced

Ordina |

. W . W4
the results ou ’ in Table 6.8., JThe point ‘{es:timate of

_the coeffn.czent attached to PHOG3 is ..017 as.;compared with
an estimated coef.fiCient of 0.400 for PHOG3(R-1) . 'I‘his
.would initially appear to justify the separation of PHOG4

into two component parts and the subsequent estimation of

el
AN

! separate coefficients. ?gigiveﬁutocorrelation is aga;h
suggested thereby weakening any conclus:.ons which might

“ .. . ‘otherwise be drawn (D.W. = 0. 80) .
Application of the Coohrane-Orcutt iterasive techni-
T oqee qa,% the results outlined in 'rable 6. 9.' Agair\ er

: coeffié&ents are of the expected sign; however, onhly that .
. - . ‘\“ R ' o i e | | . - | ] S
- . l’ - - ‘e . . R ..’
C : 'I'his aesumes thet ne. quality difference exists .
R L between ‘the products. It also assumes that the choice of a
R . gohversion factor (0.77) in. converting the U.S. hog price
Cane T I _‘from a livo to a dressed basis weas valid.

-
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attached to PHOG3 ik now significant at the 99 percent con-~

fidence" level. The point estj.mete of the coefficient

attached to the exchange rate variable (0.375) has changed
" very little from that obtained using OLSQ regreesion analy-
_sis (6.400); however, the'computed sl:andard error is con-

siderably hlghergben estimated using the Cochrane—Orcutt

mrat:we technlque. T’he result is a coefficient Whlch is

» ;—!;-o\{_"‘
IR
’ no longer glgniflc’:antly different from zero at the 90 per-
!‘ “"‘} ' ‘v -
"’?.g - .. cent COnf:Lden.cet lﬁrel. . _
e . M
Lpf S . Interpretatlon of the estma&d coefficient is dlf-

=

, ficult. Because it J.s a compound varlable, the analytical

4w

1 technlque does not dlfferentlate between changes .in PHOG3 and

changes in' R-1. Model 6.4 was specified in a )

N fop'
I m&er as to. further isolate the effect of exchange rate

.'fluctuationé on Canad:.an hog prices. "

v w

Model 6.4

v » o ) .
2 . . * ' P '
The. final step in isolating the "sffect of a change

in the exchange reti’e involved the specification of the fol-
lowing model: ' |
- ggéﬂlf§;1= %g%g% B°§7—“_ + Bl + B2(R-1) + 332§£E§ +.U. .

This specification was ‘obtained“by"dgviding Model 6.3 through
by PHOG3., The value of the Canada-U.S. currency exchange .

rate iu effectively isolated by the mam.pulation.l

A

S 1A miation of Hodel 6 ,4 :Ln which TSLWNT was replaced
by a ret.io of the U.S. to Ca.nadian hog siaughter rates véds
- - . “(cont'd) ,

.0
: o

.3

te,



| Table 6.10 ;ontains the results of a correlation
analysis of the new variables. Of most importance to this
study is the positive correlation (0.261) between R-1 and
the Canada-United~States hog price ratio. .

Ordinary least squares regression analysis, when

i performed‘on the ta series using Modb I 6.4, produced the

results outlj “In Table 6.11. Of most interest to this
) the coeffibients attached to the price variahle
////T\\ and to‘the exchange rate varlable.‘JThe point estimate of
'! fv , 616&049) approximatol that estimated in Model 6.3 (1. 017)
- | These coefficients.indicate the "average"” positive rela-

tionship mmmmmmmml N v,
The coefficient attaghed to the exchange rate var1-

5

o
d able (B = 0. 383) is positive as expected. Furthermore, 1ts
value is considerably different from that of 8. (This adds
validity to thc conceptzof ,aparating PHOG4 1nto two
separate conponentl.) Positive autdeorralatioq is present
‘in the model (D.W. = 0.71) thereby ruling out the possibi-
lity of aqpigning,ltvclq ot siqnificance to the estimated
A ,AOeffic£:hts in the OLSQ-analyail.‘ - » o ' ¢
The'Cothanq-Oréu;t itnrative:technique was applied

-~

- (cont'd from preceding ge) - - ' '
.also tested. The results, which differ mainly in that the
explanatory power of the OLSQ equation is higher (R-squared =
- 0.331) , 'are presented*in AppendixAD, but are not discussed

) _ furtber. N -
‘ l T AT . .
A!~ /’ A. Koutloyiannis, huen of ECOnamatrics, (London:
ST 'me naeuiuun Press Ltd., 1¥ e B S

s P '“ A . . *.
. . Y . - .

S o
. o v : N . .. ¢ .- v N *
o o =, ' v
N PR B . »- . . . - D . . . .
- ) ” 7 = -0 i il e : > P
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to the data series to effectively circumvent the problem of
serial correlation of the error terms (see Table 6.12). A
point estimate of 0.675 and a gtandard error of 0.122 indi-
cates that B; is still significantly different from zero at
the 99 dercent confidence level. (This compares with a
point estimate of 0.638 and a standard error of 0.057 in
Model 6.3.)

The péint estimate of the coefficient attached to
the exchanée rate variable is 0.396. Although of.the antici-
pated sign, the coefficient is not significantlyydifferent
from zero at the 90 percent confidence level. Of more
interest is whether the estimated coefficient is signifi-
cantly different from unity. Calculation confirms that the
estimated coefficient does differ significantly from one at

the 90 percent cohfidence level, thereby indicating that

month-to-month fluctuations in 'the exchange rate are not

™~

immediately and completéiy translated into price changes,
Furthermore, the high standard error (0.407) indicates that

month -to-month fluctuations in the exchange

rate do not affect the Toronto hog price in a uniform manner.

lDetermined as follows:
! He: B = 1 Hy: B; < 1
Test statistic 1l - 0.396
. 0.
- = 10480
Critical value of t = 1.289; a = 0.10.

The decision: since 1.48 > 1.289, reject Ho, and accept H;
at the 90 percent confidence level.

83
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That the effect of a change in the exchange rate is
variable and does not produce its total effect during the
montﬁ‘in which the change téok place explains why, in Model
6.2, the multiplication of PHOG3 by R produced a variable
(PHOG4) which was less closely correlated with the Toronto
hog price than was the original variable PHOG3. 1In effect,
© the multiplication of PHOG3 by R introduced more error into

the model than it removed.

Summary \\\\/

Beginning with a basic model, Chapter VI developed
and investigated a model specification which effectively
isolated the effect of month:to-month fluctuations in the
exchange rate on the Toronto hog price. This effect was
found to be significantly less than would be expected in the
presence of complete and immediate arbitrage. 1In addition,

the effect was found to be highly variable.

8
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CHAPTER VII
EMPIRICAL ANALYSIS II

~ Three separate dependent variables were considered~
in studying the effect of exchange rate fluctuations on
monthly Canada-U.S. trade flows in dreésed pork products:
(a) Canadian exports qf d:éssea pork produc£s to the United
States; (b) Canadian imports of dressed pork products from
the United States; and (c)/pet trade (net exports) of
dressed porkabroducts from the United States. Chapter VII
discusses and presents the results of the analysis by con-

“
sidering each of the three dependent variables in turn.

Caﬁadian Exports of Dressed
Pork Products
to the United States
Three alternative econometric models were specified
and analysed with a view to determining whether a simple
relationship coulJ’be demonstrated between month-to-month
fluctuations in the Canada-United States currency exchange

rate and month-to-month variations in the level of dressed

pork product exports to the United States. Model 7.1 is .

1linear specification which uses seven independent variables in an

attempt to explain variations in exports for the period January 1970 to

‘December 1979. Model 7.2 is also linear but differs in that

]

-~ g TV T
LA R :-f’(\.',‘.‘.'.\ S . ~ jﬁ
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-

all data have been converted to a per capita basis and
variations in exports for the period July 1976 to December

1979 are examined. Model 7.3 is the logarithmic version of

Model 7.2.

Model 7.1

Model 7.1 was specified in the following manner:

Model 7.1: X2AGG = B, + 8,TSLWT + B,QSPK2 + B3STKPK1 +
' 'B~§TKPK2 + BsX3AGG + B¢DUTY2 + B8,R + U

where: X2AGG = Canadian exports of dressed pork products to
the United States;

. TSLWT = rate of Canad&an hog slaughter;
- QSPK2 = monthly u.s. bog slaughter;
STKPK1 = Canadian pork stock; |
STKPK2 = U.s. pork stock:;
: ’ X3AGG = non-U.S. pork exports;
DUTY& = U.S. duty on fresh and frozen pork;
R = Canada-U.S. currency exéhange rate; and

U = an error term.

Correlation analysis of the variableg in the model
produced the correlation matrix in Figure 7.1. X2AGG ié
positivelyfcorrelated with all of the independent variables
in the model, but most strongly correlated with the rate of
Canadian hog slaughtexr (0.71). A correlation of 0.31 is’
noted between X2AGG and the exchange rate variable R.

Ordinary least squares regression analysis using
Model 7.1 produced the results outlined in Table 7.2. These

results are unreliable because of the positive

i
i
‘i
RN - - e )
d hoprt -y AR 1 T g o - — . -
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autocorfelation present in the model (D.W. = 1,18).. The
coefficients are inefficidht and the test statistiéi:hre

biased (the directions of the biasg agaln berng #ndicated by
L ENEE A sl
P ’ f:;;

-

bracketed signs). - __ﬁhQ N \
; Y
Reanalysis of the mgdeiunslnqmqmg;Cochrane—Orcutt

,.\\\

iterative technique produced tha.results g& "Table 7.3. .The
model was effectively cleared of autocorrelation by the pro-
cedure (D.W. = 2.00) and the explanatory power of the model
was increased (R-squared = 0.739). Only the coefficient
attached to the rate of Canadian hog slaughter (TSLWT) is
significant at the 99 percent confidence level. The posi-
tive sign indicates that exports increase with the rate of
Canadian hog slaughter as would be anticipated.

Although all 6ther coefficients are insignificant at
the 90 percent confidence level, the coefficient attached to
the exchange rate variable is bordering on significance at
that level (2-tailed t-probability = 0.102). The point
estimate of the exchange rate coefficient (8.25) translates
into an elasticity of 2.08 (i.e. the elasticity of the quan-
tity expofted with respect to the exchange rateL]' The large
standard error (5.0l1) associated with the exchange rate ]

coefficient makes this elasticity estimate unreliable.

lplasticities have been calculated at the means of
the respective variables. The mean value of R is 1.040 and
that of X2AGG is 4.133.

%
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Model 7.2

That the level of signifiéance of the exchange rate
coefficient was low in Model 7.1 prompted an attempt at
respeci?ying the model. Any economic model carries with it
a ceterus paribus assumption. The probability of violating
this assumption in time-series analysis increases with the
length of the cime.period under study.

One attempt at improving the explanatory power of the
model involveé analyzing a shorter data series beginning in
July of 1976 and extending to December of 1979, Several
reasons existed for choosing this series of observations:

(a) this period contained a high degree of exchange rate
variabilitf; (b) both Canadian and U.S. tariff levels were
constant during this period thereby dec;easing the number of
Variab}es in the model; and (c¢) this series still provjides
an adequate data series for analysis (42 observﬁtions).

Another change in the revised model.was the conver-
sion of all quantity variables to a per capita basis. This
was accomplished by dividing Canadian data and U.S.
data by the population (in millions) of the respective,
countries. This procedure, it was hoped, would further
standardize the data over time.

The result of the above changes was as follows:

Model 7.2: X2AGGP = Bo + B;TSLWTP + B,QSPK2P + B,STKPK1P +
BaSTKPK2P + BsX3AGGP + BgR + U

where éhe letter P gignifies that the variable is expressed
on a per Eapita basis. Otherwise the variables are as pre-
viously defined. . v

%
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Correlation analysis of the variables iﬁcluded in
Model" 7.2 groduced the matri; presented in Table 7.4. Both .
the per capita rate of Canadian hog slaughter (TSLWTP) and
the Canada-United Stafes currency exchange rate (R) are '
highly correlated with per capita Can&dian exports of
dressed pork products to the United States (0.85 and 0.75,
respectively). The other correlation coefficient of » .
interést is that between TSLWTP and R (0.81). This value is
pointed out because it suggests the possibility of multi-
collinearity in the model.

Ordinary least squared regtesslon analy91s, when
applled to thq,data series using Model 7. 2, produced the
coefficients and test statistics outllned in Table 7.5. \ The
possibility of positiwve autocorrelation is suggested by the
Durbin-Watson statistic (D.W. = 1.29). The results are not
discussed further beCause of the attendant inéfficiency'and
biasedness of the cecefficients and test statistics,'}espec-
tivély: ’ ‘

The positive autocorrelationrwﬁs‘effectivelydfemovéd
from the model by use of the Cochrane Orcﬁtt iter&;ivé‘tech-

nique (see Table 7.6). The resulting transformed equation

explains almost 82 percent of the variation in per capita

)

exports of dressed pork products to‘the Unfted'States.
Significant at the 99 percent confidence level is -

the coefficient attached to the per capita rateuof—Canadiaﬁ

hég slaughter (TSLWTP). The gign atéached to, this coeffi-

A

cient “is positive;'fhgreby implying that an increase im the

JURSRY, E
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rate of Canadian hog slaughter results in an increase in the

exports of dressed pork products. This is as was antici-

»

-pated.

This study is particularly concerned with the effect
of exchange rate fluctuations on trade. The exchange rate
coefficient, as estimated by Model 7.2, is positive as
expected (0.66) and significant at the 90 percent confidence
level. This coefficient translates into an elasticity of
4.45 (i.e. a one percent increase in the exchange rate pro-
duces a 4.45 ?e:pent increase in exports).l

The results of Model 7.2 are weakened by  the
possibility of multicollinearity as discussed earlier.
Dutta says the following with regard to the interpretation of
multiple regression results in the presence of possible
multicollinearity:

The econometrician follows the rule of thumb and
is satisfied if the t-test applied to the esti-

mates of the regression coefficients. . . is
found to be gignificant at the 95 percent confi-

dence level.

The regression coefficient attached to TSLWTP is significant
at the 95 percent confidence level, but the coefficient
attached to the exchange rate is only significanﬁ‘at the 91
percent cQnfidence level. The results of Model 7.2 are pre-

sented with this qualification.

1lBased on the average exchange rate value of 1.105
and the average value of X2AGGP of 0.164 for the period
July 1976 to December 1979.

_ZM. Dutta, Econometric Methods, (Cincinnati: South-
Western Publishing Co., 1I975), p. 154.
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Model 7.3

The logarithmic version of Model 7.2 was

investigated next and took the following form:
Model 7.3: LX2AGGP = B, + B)LTSLWTP + B2 LQSPK2P +
R ;LSTKPK1P + B, LSTKPK2P + B¢ LX3AGGP +
BeLR + U
where the letter L signifies the common logarithm of the
particular variable. .

Table 7.7 presents the results of OLSQ regression
;nalysis of theldata series using Model 7.3. The presence
of positive autocorrelation {D.W. = 1.02) weakens any con-
clusions which might otherwise have been drawn. |

Application of the Cochrane-Orcutt iterative tech-
nique produced the results in Table 7.8. The technigue
effectively eliminated fhe autocorrelation while increasing
the 'R-squared from 0.862 to 0.905. LTSLWTP, LSTKPK1P and LR
are the mosp;signiéicant variables in the model. The coef-
ficients attached to the three variables are all positive as
would be anticipated,with.a priori reasoning.

The ethange rate coefficieﬁt has a magnitude of
8.46 (signifié%nt at the 99 percent confidence level). In
the case of a ibgarithmic.model, the estimated beta coef-
ficient is also an elaéticity measurement. If the results
are reliable, one could infer that a one percent increase Or
decrease‘in thé exchange rate would result in an 8.46 per-—.

cent increase or decrease, respectively, in Canadian exports

of dressed pork products to the United States. Again, these

98
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results must be interpreted with caution because of the

multicollinearity suspected.

\

Canadian Imports of
Dressed Pork Products From
the United States

Three alternative econometric models were specified
and analyzed with a view to determining whether a simple
relationship could be demonstrated between month-to-month
fluctuations in the Cang@a-United States cdrrency exchange -
rayé and month-to-monéh variations in the level of dressed
pork product imporﬁs from the United States. The three
models are analogous to those used in studying pork

exports and are considered in turn in this section.

Model 7.4

The first step in studying the effect of exchange
rate fluctuations on imports of dressed pork products was to
specify the following model:

Model 7.4: M2AGG = B, + B;TSLWT + B,QSPK2 + B8,STKPKl +
- BJSTKPK2 + BsX3AGG + B¢DUTYL + B,R + U

where: M2AGG = Canadian imports of dressed pork products
from the U.S.;

66T¥l = Canadian tariff on fresh and frozen pork;
and oéher'variables are as previously defined.

Figure 7.9 contains the results of a do::elation
analysis of the variables included in Model 7.4. M2AGG is.
negatively correlated with all variableg in the model ex-

'dept,for'nén-united States exports (X3AGG) and the exchange

101




102

| %
q

00°T 6€°0- 9€°0 ve*0- - zeto- Lz°o 6%°0 IT°0  {
00°1 Vb 0- 6€°0 Z0°0- ST°0- LT°0- . 1b°0- TX1Na
00°T £2°0- z20° 0~ z0°0- £€1°0 8E°0 DOVEX
00°T SL*0 S0°0 8T°0 €6°0~ ZAAAIS
00" T ST°0 0Z°0 0€°0- TANLS
] 00°T TL°0 v dﬁ.ow ZAdSO
. . 00°T 6€° 0~ LMISL
- 00°1 DOWZW

q 1XLna 9OVEX AIALS TAdALS 23dsd " LMISI, DOVZHW

¥*L TOPOW uT papnroul

B8TQeTIPA 3Y3 JO XTIFIPW UOTIRTaIIO)
N

gL °TqEL



/ | 4 _ 103

rate. On a priori grounds, an increase in the exchange rate
wouid be expected to decrease imports of dressed pork pro-
ducts. The positive correlation between these two varjiables
does not contradict this; however, it does imply that ;nother
variable has a greatef effect oh Canadian pork imporfs than
does the excﬁange rate. Further analysis was requirea to

- test this hypothesis.

Ordinary least squares regression analysis produced
the results oﬁAFigure 7.10. The results of this analysis
are weakened by the presence of positive autocorrelation
(D.W. = 6.88). The estimated coefficients are inefficient
and the estimated test statistics are biased as indicated by
the bracketed signs. &-

In an attempt to circumvent the problem of positive
autocorrelation, the Cochrane-Orcutt iterative technique was
applied to the data Jse® Table 7.11). The resulting equa-
tion falls in the indeterminate zone when tested for nega-
tive autocorrelation at the five percent level of signifi-
cance (D.W. = 2,39). Thtge explanatory variables——TSLWT,
QSPK2 and STKPKl--have coefficients which are significantly
at the 90 percent level. These coefficients suggest that
'Canédian imports of dressed pork producté increase: (a) when-
the rate of Canadian hog slaughter decreases; (b) when the
level of Canadian pork stock decreases; and (c) when

the American slaughter level increases. These findings are

all consistent with a priori reasoning.
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The focus of this study was on the exchange rate.
Neither OLSQ nor CORC analysis, when applied to the data
series using Model 7.4, was able to estimate a statistically
significant exchange rate coefficient. When using
CORC analysis, the estimated coefficient (-1.50) is of the
anticipated sign, however the two-tailed t-probability indi-
cates a 0.93 probapility that the coefficient i8 not sighi—
ficantly different from zero. This should not necessarily
be interpreted to mean that no exchange rate effect occurs,

only that the specification and technique applied could not

distinguish one.

For reagons atrready discughgd in the aﬁalysis of pork
expoxts, the data were converted to a per capita basis and
the data series w shortened to include the period July

79, inclusive. The revised model took
2

1976 to December

the followin

M2AGGP = 89 + B, TSLWTP + BzTSLWTP + B3STKPK1P +

Model 7.5%
B84sSTKPK2P + B4X3AGGP + BgR + U

where the letter P sigqifies that the'daga is expressed on a
per capita basis, and all other\variables are as previously
defined. _ |

Correlation hnalyéis of the abridged data series gave
the results inVTable 7.12; Per capita Canadian’ imports of
d:essé& pork productg from the United States (M2AGGP) is

closely correlated with the exchange rate (-0.80) and the

106




107

i d
~ Ve
< . ~
- 4 .
£y <

00°T TI€°0 9T7°0 06°0~- 9¢°0 Z8°0 08°0- . §

00°T L0°0 00°0 81°0 ZE°0 8z 0-" dOONEX

00°1 8v'o 01°0- S1°0 6£ 0~ dZAIILS

' 001 0£° 0~ zZv*o- zZZ'o dTAIALS

00°T L9°0 y1°0- dz3ds0
00°T1T TL°0- dIMISL

00°T dOOVZH

S
o dOOVEX dZidiLS dIAdALS aziash dIM1ISL dOOVYZH

G*L TAPOW UT pPapnidul

83TqERTICA JO XTIJVH UOTIBTBIIOD

¢ ¢1°L °TqeL

s




O 108

rate of Canadian hog slaughter (-0.71). Also of particular
‘interest to the analysis is tee\gigh correlation (0.82) be-
tween TSLWTP égd R, as this suggests a possible problem with
multicollinearity in the analytical results.

Ordinary least squares regression analysis of the

data serles produced the results in Table 7.13. The Durbin-

,Watqgn statistic (D.W. = 1.73) indicates that the hypothesis

of nO\?OSLtlve autocorrelatlon 'in the model is inconclusive
at the 95 percent confidence level. The results are pre-
sented with this qualification.

‘ The fitted regression equation explains 80 percent
of the variaéien in per capita Canadian imports of dressed
pork. products froﬁrthe United States for the period July 1976
to Decembe; 1%79 The coefficients attached to the per
capita rate of‘canadlan hog slaughter (-0.79), the monthly
level of U.S. hog slaughter (0.17) and the Canada~United
States currency exchange rate (-1.67) are all of the anti-
cipated sign and Significant at the 99 percent eonfidencee.
level. (Using the criteria of Duttd discussed eerlier, any
suSpectedAproblem;with multicollinearity can be ignored.)
Other coefflcxents in the model are not significantly dif-
ferent frcm zero at the 90 percent confldence level and are
therefere not dlscussed further.

The.estipated exchange rate coefficient has a

value‘af -l 67. -Thxs translates into an elast1c1ty of

-3.60.11 Ia ather-wucda 3235? on the p01nt estimate of the

Iﬂaaeﬂban thn average exchange rate value of 1.105
ana the average value of M2AGGP of 0.502 for the period

July 1936 - B Dbcember 1979.
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exchange rate coefficient, a one percent increase in the ex-~
change rate fésulted in a 3.68 percent decrease in Canadian
imports of dressed pork products from the United States
during the period under study.

Because of the possible positive autocorrelation
using the OLSQ technique, Model 7.5 was estimated again
’using the Cochrane-Orcutt iterative technique. The result-
ing equation (see Table 7.14) is free from autocorrelation
(D,W. = 3.15) and free from multicollinearity (i.e. the
coefficients attached to TSLWTP and R are significant at the
99 percent confidence level). The R-squared has been
increased from 0.798 to 0.818 but,imore importantly, the
beta coefficients are more efficient and the test statistics
are unbiased.

AS with the OLSQ model, the two quantity variables
and the exchange rate have estimated coefficients which‘are
significant at tﬁe 98+ percent confidence level. The esti-
mated exchange rate coefficient using CORC analysis—isx
-2.15. Calculated ét the means of the respective variabies,
this translates into*ah elasticity of imports with,réspec¥

to the exchénge rate of -4.74.
"Model 7.6

The logarithmic version of Model 7.5 was investi-
gated as a posgible alternative functional form. 1In

méfhematical form, the function can be expressed as:

- 110




B T

111

8"\

(@813) g1°2

\
!

,

= OT3ISTILIS UOSIeM-uTqIng

818°0 = omwmsvm-m‘

ﬂhﬂ.% =504y
. o LE'E | uc&um:ou
€00°0 Ttz e~ 99°0 g1z~ ; q
LL6°0 620°0- 82°0 0800°0- _ . dDOVEX
8SE"0 €6°0- 91" 0 ST 0- - dgdadis
8GE°0 €6°0- -Z22000°0 1Z000° 0~ . dTXd¥LS
€100 £€9°2 6v0°0 €T°0 dgxdso
Z10°0 $9°z~ GZ°0 99°Q- dLMISL
K3t1TqRqOoag-g oT3I8T3IRIS-L _ x0xxq JUITOTIFIS0D aTqetxepn
patTyelL-¢ pIepuels pejewrysy pueH-3yb Ty
g* h. TI°PON - wSGﬂCEUWB wbﬂUMHQUH UUSO.HOI.OCMHSOOU 9yl

butsn sarqetaes juspuadspul pe3losTas
O uoT3idung IESUTT ® S SV3LJIS PIIIUN BYI WOIJ
§300poad Y104 passaag Jo sizxodwl uerpeue) ezrde) Iad

P1°L 31qed ]



Model 7.6: _LM2AGGP = B, + Bi LTSLWTP + 8,LQSPK2P +
B8 ;LSTKPK1P + 8,LSTKPK2P + BsLX3AGGP +
BgLR + U '

where the letter L signifies the logarithm of the particular

variable (otherwise as previously defined).

The presence of positive autocorrelation (D.W.= 1.24)

weakens any conclusions which might otherwise have been drawn

from the OLSQ analysis of the data series using Model 7.6.  The
results are therefore presented buc not discussed further
(see Table 7.15).

Application of the Cochrane-Orcutt iterative tech-
nique to the data series using Model 7.6 yields the results
in Table 7.16. Autocorrelation is no longef a problem, and
82 percent of the variation in LM2AGGP is explained by vari-
ation in the independent variables. The coefficients
attached to the rates of Canadian and U.S. hog slaughter are
of the anticipated signs (-ve and +ve, respectively) and
significant at the 95 percen£ confidence level. The ex-
change rate coefflclént ( -4.71) is also of the anticipated
sxgn and significant at tﬁe\?s percent confidence level.
Therefore,'using Dutta's rule o{\thumb, multicollinearity
is not a problem in the model. :\\\\ '

The point estimate of the coefficient attached to LR
is also an elasticity estimate. Based on this estimate, a
one percent increase or decrease in the exchange rate has
been associated with a 4.71 percent decrease or increase,
respectively, in Canadian imports of dressed pork products

during the period under study. This compares favorably with

s
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"the estimate obtained from Model 7.5 (-3.68iand -4.74).

—~

Net Trade (Net Exports) of
Dressed Pork Products to
the United States
Two alternative econometric models were specified

and analyzed with a view to determining whether a simple
relationship could be demonstrated between monthly fluetuaj
tions in the Canada-United States currency exchange rate and
monthly variations in the het trade of dressed pork products
with the United States. The ﬁwo models investigated were \
analagous to the first two models usgd in ;nalyzing
levelé of exports and imports. A logarithmic model was not

specified because of negative observations in this particu-

lar dependent variable.
Model 7.7

In investigating the relationship between fluctua-

tions in the exchange rate and fluctuations in the net trade

A}

of dressed pork products between Canada and the United

States, the following model was specified:

Model 7.7: . NET2 = By + BlTSLWT + B2QSPK2 + B3STKPK1 +
B4, STKPK2 + BsX3AGG + B¢DUTY1 + B,DUTY2 +

BsR + U
where NET2 eqﬁals'XZAGG minus MQAGG, and other variables are
as previously defined. | ' ' :
Tabl?'7.17 contains the results of a correlation

analysis of the variables included in Model 7.7. NET2 is

most highly correlated (0.51) with the rate of Canadian‘hog

~
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slaughter. The exchange rate was essentially uncorrelated
{0.01) with NET2 during the period under .study.

OLSQ analysis, when applied to the data base using
Model 7.7, produced the results butlined in Table 7.18.
Positive autocorrelation is indicated by the Durbin-Watson

 statistic (D.W. = 1.03) thepeby weakening anyyoopclusions

which might otherwise have been drawn from the results. The
coefficients are inefficient and the test statistics are.
b}ased as indicated.

Application of the Cochrane-Orcutt iterative tech-

»

nique produced the results outlined in Table 7. 19. The

\? transformed equation explains 85 percent of the varlatlon
ln'net Canadian pork exports to the United States. Unfor-
tune\e1y, the results of the analysis must be interpreted
with caution because ehe analytical procedure has introduced
the possibil}ty of‘negative autocorrelation at.the five per-
cent level of significaoce. |

VThe coefficients attached to the rate of Canadian
hog slaughter and to the level of Canadian pofk stocks are
positive:and significant at the 90 percent conf;dence Agvel
whereas the coeffioient ettached to the United States
slaughtef level is negative and sighificant at the 90 per-
cent confidence level. | . —

The coefficient attached topthe exchange rate vari-
able; although of the anticipated sign, has a 2-tailed
t-probability of 0.35. In other words, given the magnitude

of the coefficient and the magnitude of the standard error,

T T - e <
TR T S R G e e el AN T T DG " o —



118

(*sod) €0°*T = o13I8T3°E38 uosjeM-uTqIng
669°0 = paxenbs-Yy

. , , - 8¥°SI- JuUR3IBUOD

(-) szo°0 (+) Lz°z- (-)  zs*oT . 98° €z~ E
(=) .000°0 (+) 1Z°% (=) 01°9 99°sz ZXLNA.
(=) gseL-o (+) ve°0 (=) oL°¢ 1670 TXL0d
(-) sz1°0 (+) §§°T- (-) 0z'o Te*0- DOVEX
(-3 #ST°0 (+) €8°1 (-) ZT*0 LT0°0 ZMANLS
(£) s89°0 . (+) Tr-o0- (-) “oto0o“B 1%0000° 0~ L THANIS
(-) 000°0 (+) 65°g- (=) Lvoo*o0 9200~ o Z1dso
(=) 000°0 (+) SZ°6 (=) 0z°0 £€8°1 IMTISL
%.0.m.m..nn~.ﬂﬂo.ﬂ.nmlk. OT38T3el1S-1 I0IIH JUSTIOTIIS0D aTqetTIeA
peTIRL-7 _ pIepue3s pajeuwrasy pueH-3ubTY
L*L T®POW - stsATeuy uorsssibsy . - ; b

0s10 Butsn saTqeTIeA juspusadeapul paloaTas IO 4
uoTidoung IesUTT B Se 833038 PaITUn B ‘
Y3ITM S3ONPOId YIOd PassaxQ ul apela] uerpeue) aj3ebairbby 3aN

-81°L 91qeL




119

(out) 9z°*'Z = Oy3IsSIzeE3E :OmumWI:ﬂnuso
Ly8°0 = paoaenbs-y

{ G98°Q = OUY
T 9= juw3sucy
6vE°Q ¥6°0 . 6% 1T  oz-oz | ]
LEV*O 8L°0 £S5 €T 9G6° 0T S ' ZAang
06L°0 Lz°0 L9°€ : 86°0 . 1AING )
¥65°0 €6°0- 91°'0 " €80° 0~ - 9oVEX
€0L°0 8€°0 110°0 " ‘zvoo°o ZAINLS
090°0 06°T 01000° 0 61000° 0" ’ TMANLS
€L0°0 18°1- LZ00°0 : 8¥00°0- Z4dSD
S00°0 L8z : LT"0 : 6¥v°0 ‘ . IMISL
KitiTqQeqoad-yg 2T38T3V3IS-L I01x4g _ JULTOTIFO0D aTqeTIRA
PaTTRL~Z

paepuels © pajewtysy - puvH-3yb1y

L°L TBPOH - anbrtuyo9dl 8ATIRIS]3I 3IINOI0-IURIYDIO)D
ay3 buytsn sarqeraep juapuedepul. pe3oeaTes JO
uoT3IOUNg IVSUTT ® S SIJeIS pajzTun Byl ) o
Y3aIT™M 830Npoad Iod pessalg uy apex], uerpeue) a23ebaabby 3oN

61°L oTqel

2 7

ﬁl//\\\\ o



120

> there is a prébability of 0.3% that the coefficient is equal

. £o zert, Again, the results da‘not exclude the poséibility
of an axa@amge rate effect-~they only indicate that an

effect cannot be demonstrated with the model and analytical

technigque used.
Model 7.8

, | Ag in the case of exports and imports, an alterna-
tive apecification was éttempted to_bétermine whether a
shorter data series using per capita quantity variables
would rasult in a more efflelent estlmate of the exchange
rate coefficient. The respecif;ed model~was as follows:

Model 7,8: NET2P = B, + B,TSLWTP + szospxzp + B3STKPK1P +
- BySTKPK2P 4+ BsX3AGGP + B4R + U

where the letter P signifies ghut’the variable has been con-
verted %o a per capita basis and other variables are as pre-
viously defined. L o a
Carrelation analysis produced the matrix outlined in
Table 7.20, NET2P is most closely ¢orre1ated with the
Canada~6nited States currency axchange‘rate (0.83) and the
per capita rate of Canadian pork slaughter (0.79).
| Ordinary 1éast squares regression analysislpiaduceq‘
;he results outlined in Table 7T.21. iositive autocorrela-
tion is again indicated (D.W. » 1.52), The results are
‘Atherefore presented but not discussed in detail.
Application of the Cochrane~Orcutt iterative tech-
nique effectively eliminated the autocorrelation problem

4

’\\3 (see Table 7,22) and increased the R-squared from 0.841 to

-
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0.864. The coefficients attached to both TSLWTP and R are
positive as anticipated and significant at the 99 percent
confidence level, thereby suggesting that multicollinearity
is not a problem in the model. The coefficient attached to
QSPK2P is negative as anticipated and significant at the 95
percent confidenceé level. The coefficients attached to
other variables in Model 7.8 are not significant at the 90
percent’éonfidence level.

A point estimate of the exchange rate coefficient
has been estimated (2.83). Since per capiﬁa net trade may
be ppsitiVe, zero or negative, the calculation of an élas-
ticity based on this coefficient and the average value of
NET2P céuld be -very misleading. The value of\;pe calculated
elasticity would be Highly dependent on the point along

- the regression line at which it was calculated. For this
#?~ reason, the céefficient is presented in raw form only. The
. égkimated exchange rate coefficient (2.535 indicates that
durihé the period under study, per capita net trade in
_d:gSsed pork products has increased 0.0283 pounds for every
$0.01 C./$U.S; increase in the exchange rate. Based on a populat:ion .
of 24 miliion, this translates into an increase of 0.68
million pounds in the net trade of\drasséérﬁork products fo;

every $0.01 C./$U.S. increase in the exchange rate.
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Summary

Chapter VII presents the results of an analysis de-
signed to determine whether(a simple relationship can be
demonstrated between month-to-month fluctuations in the
Ccanada-United States currency exchange rate and fluctuations
in Canada-United States trade flows in dressed pork products.
The model specifications chosen were not successful in
demonstrating a statistically significant exchange rate
coefficient when applied to a data series consisting of 120
monthly observations. By shortening the'data series.to the
most recent 42 observations and by éonverting the data to a
per capita basis, statistically significant exchange rate
coefficients were demonstrated in models designed to explain
variations in exports, imports. and ne£ trade of dressed

pork ‘products with the United States..



CHAPTER VIII

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
FOR FURTHER RESEARCH

' Summary and Conclusions

\

The stated objectives of this study were:
(a) to review trade theory and exchange rate theory as they
relate to Prices and to trade flows of agrlcultural commodi-~
ties; and (b) to investigate a number of econometric models
with a view to determining whether a simple relationship
could be demonstrated between exchange rate fluctuations,
Canadian hog prices and'Canada-United States trade flows in
dressed pork products since the ineeption of a flexible ex-
change rate system in 1970. &

Chapter II started with a two-country one-commodity
model and developed a conceptual framework designed
“to outline seme of the forces at work folloWing a change in
the exchange rate. The effect of a change in the exchange
rate was shown to have two ﬁajor components--a price effect
and a quantity effect. The magnitudes of these two effects
‘wenashown to be related to fhe magnitudes of the domestic
eupply and demand elasticities of the commodity under
study in each of the tﬁo countries in.the simplified model.
Given the assumptions of ‘the conceptual model, the elasti-

city of price with respect to the exchange rate was shown to

126
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be bounded by 0 and +1, while the elasticity of quantity
traded with respect to the exchange rate was shown to be
bounded by 0 and plus infinity (in the case of a depreciatioﬁ
by en exporting country given adeéuate time for all adjust-
ments to take place). In the case of - depreciation by an
importing country, the elastic..y of price with respect to
- the exchange rate was found to be bounded I 0 and +1 while
the elasticity of quantity traded with respect to the ex-
change rate was found to be bounded by 0 and minus infiniry.

The conceptual model in Chapter II was further deve-
loped to consider the effect of a change in the exchange
rate on a commodity for which supply was fixed in the
short run. Given this situation, the model indicated that
the quantity effect of a change in tﬁe exchange rate in the
long run eXceeds the quantlty effect which would be expected
to provide equilibrium in the short run. The price effect
of en exchange rate change in the long run may be greater
than br less than that in the short run depending on the
'supply'and demand elasticities of the commodity in queetion. k‘

This portionvof the study was designed to provide
some insight into the mechanism by which a change in the
‘exchange rate leads to a change in prlce and to a change in
trade volume. Although based on a number of simplifying
assumptions, Chapter II is useful in this regard.

The quantitative portion of this study was desjigned
to investigate what effect, if any,. monthly exchange rate
.fluctuatlons have had on the pork industry durlng the perlod

1970 to 1979. In keeping with the conc1u81ons of Chapter II,




the analysis was designed to investigate both a price effect
and a quantity (or trade) effect. This was accomplished by

specifying and investigating a number of econometric models

and, with the use of multiple regression analysis, analyzing

a data seriks that spanned'January 1970 to December 1979.
The effect of monthly exchange rate fluctuations on

the Toronto hog p;ice during this period was found to be
variable and less than that which would be expected to occur
if the arbitrage process were instantaneous and complete.
Draying oﬁ a hypothetical arithm- ic example, If the Uniteq
States hog price ($U.S. per pou: 1 dressed) were $1.00 per
pound, and if the average monthly exchange rate depreciated
from $1.00 CAN/$U S. to $1.10 CAN/SU S. during the course of
one month, then the average Canadlan hog prlce would be

expected to increase by $0.10 per pound 'if the arbitrage

process were immediate and complete. The model developed in

Chapter VI indicates that during the period under study, the
"average" effect in such-a situation was only a fraction
(0.396) of that expected (or $0.396 per pound in the hypo-

thetical example). The conclusion shoﬁld'not necessarily be
T

drawn that the Toronto hog price would not eventually in-

crease by the full anticipaped amount; only that there is a-

sufficient delay in the process to result in an estimated

‘coefficient of 0.396 (as opposed to 1.00 if the process were

immediate and ca@plete)."The high standard error associated
with the estimated coefficient indicates that the effect of

]

monthly exchange rate/fluctuations on the Toronto hog price

i -~
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was variable and the estimated cqefficient (0.396) is some
"average" of the observed responses for the period under
study. |

Chapter VII presents the results of an econometfic
analysis in which variations‘in.exporﬁs, imports and net .
trade in dressed pork products ﬁere examined in turn to
determihe whether an exchahge rate effect could be isolated.
A significant exchange rate coefficient (i.e. > 90 pérceht)

| .
could not be obtained using the ten year data series and the

models séecified in the analyéis (for a summary.of the re~—
"sults see Table 8.1). Again, this should not necessarily pe
- interpreted to meaﬁ that no such effeét occurred; only th;t
/ the model~specificationé~an§ analytical technigues applied
- could not distinguish dhe. “

In spite of these shortcomings, the analysis does cast -
some light on trade flow variations. " Since the coefficients
attached to the rate. of Canadian hog slaughter are signifi-
cant at the 90 percent confidence level in Models 7.ft 7.4
and 7.7, and sin;e the explanatory power of the three models
is 0.58 or greaﬁer in the models when analyzed using the
OLSQ technique, the analytical iesul£s7do suggest -that quan-
tity Variables are a major determinant of trade flow volumgs;
This is in agre.exhent with the findings of Vellianitis-~Fidas
who concluded that.the greatest:po:ﬁion 6f trade flow varia-
tions are due to fluctuations in.quantities produced.

By shortening the data series to the @ost recent
42 observations;.ﬁnd by converting the dgta to a per capita

| N

1
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basis, estimated exchanged r;te coefficients were obtained
which were significant at the 90 percent confidence level
(see Table 8.1 - Models 7.2, 7.3, 7.5, 7.6, and 7.8).

The exchange rate was shown to have enjoyed a posi-
tive relationship with exports énd a negative relationship
with imports over the moé@ recent 42 months of the data
series. The estimated elasticities in Table §.1 shguld'not
be interpreted as being "the" elasticities of quantity
traded for the exchange rate since the final total effects
of a change in the exchange rate, given adequate time for
all supply and demand adjustments to take place, could be
and most likely is considerably different from that esti-
mated. The estimated coefficients and elasticities are
simply the best estimate of the montly change in trade flows
of dressed pork prc ucts that has‘!esulﬁed'from a change in

the average monthly exchange rate during the 42 month period
7 . .

adalyzed.
Recommendations for Further Research

This study, although meeting most of the objectives,
leaves many questions unanswered regarding the effects that
the exchange rate has had and will have on agrlcultural
prices and trade. Chapter II, by outlining’a conceptual
framework_within which to copSider exchange rate changes}

illustrated how the measured effect of a change in the ex-~

‘change rate depends on the commodity ‘and the time frame

under study. Chapter III suggested that "inertia" was also

- o~ e BYB RS R I i g e >
i R s e e I TR £ A T R T
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"a factor which contributed to the insensitivity of trade
flows to chahges in the exchange rate. If force of habit,
contractual obligations and established transbortation faci-
lities do "calcify" trade patéerns, these fact?rs would have
their greatest effect in the short run. Considerable work
remains to be done to understand the effects that exchange
rate changes have on different commodjties given different
adjustment periods.

This study has chosen to examine the effect that
average monthly fluctuations in the exchange rate have had
on average monthly hog prices and on monthly trade flows ;n
dressed pork products, with little consideraﬁion being given
to the effect. that more peimanent changes in the éxchange
rate have had and will have on long-iun equilibrium prices
.and trade after all supply and demand adjustments have had
adequate time to occur. Chapter II, by indicatiné how “

'domestic supply And demand elasticities are related to long-

run equilibrium prices and to trade flows, suggested a

possible methodology forx estimating these long-run effects. .

Consideraﬁle work remains to be done to understand these

different effects on Canadian agricultural prices and trade.
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Exports

Imports

'Tariff Classification of Canadian
Pork Expof??‘and Imports

Tariff Class

11-22
11-24
11-28
11-29

13-23

13-24
13-29
15-24
17~-24
17-29

11-22

o 11-24
11-25

11-28
11-29
13-20
13-23
13-25

13-29
17-24
17-31

1

, Description

Pork bellies, fresh or frozen
Hams, not cured or cooked

Pork spareribs, fresh or frozen
Pork, fresh or frozen NES1
Bacon, cured

Hams, cured

Pork, cured NES

Boiled ham, cooked

Hams, canned

Pork, canned NES

Pork bellies, fresh or frozen

Hams, not cured or cooked

Pork shoulders, picnics, butts,
fresh or frozen ‘

Pork spare ribs, fresh or frozen

Pork, fresh or frozen NES

Pork backs, cured

Bacon and sides, cured

Pork shoulders, picnics, butts,
_cured

Pork, cured NES

Hams, canned

Luncheon meat, canned

NES = Not Elasewhere Specified.
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Autocorrelation in
Multiple Regression Analysis

The presence of autocorrelation in many of the models
in this study necessitates a review of its effects on the
estimated regression equation. 1In the presence of auto-
correlation, the estimated standard error is biased. As a
result, all test_statistics derived from the standard error
are also biased.l The following table summarizes the effects
of autocorrelation on the estimated regression coefficients

and test statistics:

Effects of Autocorrelation

Positive Negative
Autocorrelation Autocorrelation -

Regression Inefficient but : Inefficient but
Coefficient ~ unbiased . . unbiased

Standard error . =ve bias S +ve bias
T-statistic . “+ve bias . =ve bias

2-Tailed ‘ ‘ _

. T=probability -ve bias . +ve bias

4

A common cause of autocorrelation is the omission of
a significant variable. In the event that the identity of -
the variable cannot be determined, the Cochrane-Orcutt
iterative technique offers a possible solution to the
problem. The Cochrane-Orcutt iterative technique corrects
for positive autocorrelation by estimating a value for rho
‘and then estlmatlng coefficients for a transformed equation
as indicated in the following example: .

lJan Knenta, Elements of Ec°nometrics, (New York:
' Macmillan Publishlng Co., 19717, PP. 281-282. '

n
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’(Y PY, 1) = Bo + Bi(X, - pX, 4) + . . . + error ternm.

e -

The coefficients so estimated are unbiased and more efficient
“than those estimated by the OLSQ technique.-

The residuals, standard error, R-squared and Durbin- .
Watson statistic (as presented in TSP output) are based on
the fitted and observed values of Y{. This is done by con~
verting the transformed function to the following form:

Yo = Bo + Bi(X, - pX, ) .o+ X +Aerro: term.

An R-squared of 0.98 as indicated by TSP output means
that 98 percent of the variation in Yy can be explained by
variation in the right-hand variables (including pY¥Y¢-1).
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PHOGT X2AGG M2AGG NET2 R
18 . 1000 4.20351 - 1.8%142 2.3%209 1.07280
39.%100 4.12%90 2.96180 1.16410 1.07310
36 4200 4.08748 1.86110 2.22638 ©1.07270
33.2600 6.0242% 1.30110 4.72315% 1.07280
33.%500 6.31694 0.65%800 5. 66114 1.07280
33,4000 6.09228 0.983800 % 10848 1.03840 .
32.6200 6.63642 1.13180 % %0462 1.03200 .
30 1%00 4.63210 1.94600 2.68610 1.02140 e
29 .71200 4_ 45490 2.44879 2.01011 1.01%590
27 .%700 4,39844 2.93489 1.463%6 1.02140
26 .9800 5. 03172 2.06110 2.97062 1.02000
26.4200 3.69806 2.79090 0.907159 1.01740

| 2%.9800 5.065817 ~ 1.76320 3.30197 1.01160
) 26 . 4600 8.17021 1.21784 3.9%238 1.007%0

24,4400 5. 97851 0.871680 5. 10682 1.00630
22.8200 8.20156 0.882400 4.31816 1.00760
23 .9400 %.%7878 1.10%60, 4.47318 1.00870
244700 6.04242 0.488100 % 585432 1.02120
2% . 5600 7.83793 0.443400 7.394%3 1.02110

+  26.6800 6.31806 1.04720 5.27086 1.01330

86 . 2900 %5.26177 1.38040 3.88131 1.01290
26 .9700 4,29239 1.9%55%0 2.33689 1.00440
27.3700 4.81621 1.48360 3.33261 1.00370
<28 . 4000 4,.794%2 < 1.31110 3.48342 0.999200
31.%5800 S . 39065 1.06710 4.323%% 1.00590
+34.38 6.%53380 0.96 1400 %,87240 1.00460 y
3.9 §.85813 '1.12930 4.72883 0.998400
33.2700 .4.8027% 2.9%990 1.8428% 0.98%600
34,8900 S 6.76457 '2.78550 3.97907 0.988700
36 . 5600 6.538%3 19350 %. 08903 0.979400
28 . 9900 5. 40690 1.61%90 . 3.79100 0.983900
40,3900 %.317%9 2.54807 . 2.768%2 0.982200
40. 4600 . 3.268%2 3.84190 = ~0.%73384 0.982900
40.7400 3.49426 5 .99060 -2.49633 0.982600
41,2100 3.75934 - - 3.79%60 -1.03626 0.987200

¥ <43 .9%00 2.49101 4.67104 -2 18003 0.996700

4% . %200 3.%6239 2.51200 © 1.05039 0.999100
48.6400 .4 85776 . 5.57730 -1.019%4 0.995%00
%2.6900° ° 4.%%%36 %5.81510 -1.2%974 0.996600
47 .%000 6.00427 3.48600 2.50827 1.00060
48.9300 7.01700 3.42870 3.38830 1.000%0

~ 850.%000 6.26629 : 1.6€8710 4.57919 0.998300
9. 6900 6.06829 1.774%3 4.293%86 0.999300
68.3%00 8.46404 1.01400 7.4%004 1.00380
€2.4400 4'.52678 1.78390 2.74286 1.00810
%58 . 7400 " 4.7369% : “7.21710 -2.4807% 1.00090
87.4100 8.27918 4.18360 1.69%%8 0.998800
$7.0800 4.1680% . 2.43390 1.73118 0.999400
$3.6900 5. 58201 1.76020 3.821M 0.991400
51,8100 6.66%82 1.01880 5. 64702 0.976700
46 . 8400 5.20374 0.914600 4.28914 0.972000
43.6300 2.67643 1.83790 0.838%30 0.967300 /
40 . 6000 3.66339 _ 3.2903 0.373031 0.962100
42.%100 2.7313¢ $.37270 -2.64139 0.966400
48 . 3200 3.02936 S.858159 -2.%2223°7 0.976100
54,3200 3.46762 - 7.2742% ~-3.80663 0.979800
56 . 3600 2.645%70 .8.9%334 -6,307T64 0.986300
5% . 9200 3.59824 12.4006 -8.8023% 0.983000
3. 14 3.49Q76 _ 7.236%0 ~3.T4572 0.987200
e 2.37287 7.38290 ~%.01003 0.988100
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PHOGT

56 .8700
57.5700
53.0100
%2.7600
61.2800
69. 5000
77.2000
77.8300
84.4100
78 . 9000
73.6800
73.8700
70.5%5300
69.6200

€7. 1000
" 65.9800

67.6500
8. 9500
68.9600
66.2400
63.5800
.34 .8100
51.9400
5. 4300
53.6700
$5.7700
56. 3400

53.7100

61.5700
€5.0500
€6.. 6400
65.8100

64.2900 .

60.3800
64.9200
66.3100
68.6300
72.7900
66.. 4300
6€3.3700
70.3700
68. 4000
63.4%00
€5.3800
73.0300
72.4800
75.8400
74.77T00
69.7100
77.0800
72.6200
66. 2000
63.4800
6%.2300
60. 7500
60.8900
€1.5100
58.6100
55 . 6000
36 . 360C

X2AGG

3.62163
. 74423
753861
. 21908
. 90558
.57122

- NN

0. 396000k -01

2.03868
2. 14151
»2.21472
2.28120

1.83926 _

1.21220
1.7733%
1.614%59
1.89848
2.09760
2.17696
1.44%70
1.66227

1.26403.

1.14020
1.42700
1.47030
1.20710
1.19420
1.58160
2.04270
2.062%2
2.21842
1.84980
1.39210
1.17249

1.35470 .

1.78070
1.91719
1.67924

4 41488
3714388
§.08930
3.70810
4.14124
3.76313
3.97842
2.3%180
3.73790
T %.%7202
4.83270
 7.42840
19,1680
9.45781
§:91623
.21992
. 50244
. 27076
. 36890
. 16998
. %0424

AU an

11,3382

. 9.31896

“

»
L

Y
M2AGG NET2
8. 72390 -2.10226
*10.7773 -8.03307
%.5336Q -2.77798
5. 7986Q -3.579%3%
11,3261 . -7.42052
8.68890 -7.11767
., 6.65960 -6.62000
5.28210 -3.24342
10.0530 -7.911%2
c 11,9381 -9.72337
8.52040 -6.23920
7.75660- -5.91733
9.52370 -8.3115%0
s 12.5460 -10.7726
. 14.2070 -12.%924
14.5156 ‘-12.6171°
' 15,0040 <12.9064 -
Lo11.0808 -8.90384
12.3383 -10.8926
16 . 5460 ' -14.8837
16.9818 S -18.7177
20. 2988 . -19.1%86
27.258% =2%.831%
20.6421 7 -19.1718
12.9287 -11.7218
17.4161 -16.2219
17.0823 -15.8007
13,7731 . -11.7304
17.6627 -1%5.6001
14, 1981 - -15.9797
14.0313 -12.1815
17.226¢ ~15.8340
18,1712 -16.9987.
19.6254 -18.2707
13.0436 -11.2629
17.8780 -15.9608
10.453%" . -8.77426
14 . 4483 -13.0334
9.31070 -6.16682
6.86420 ~0.774898
8.623%0 -4.91540
6:99210 -2.8%08%
7.31934 -3,53621
9.66840 - 998
13.3084 -10.9%66
. 9.88900 -6.18110
8.51970 ~2.94768
7.39410 -2.56140
2.51110 4.91730
2.30080 " 8.86420
4,01760 . 8.44021
5. 39200 0.124232
4.%52270 A.69723
6.25030 74786
4.62150 * 9.849262
7.54740 ~0.178500
7.65980 -2.489%2
11,0839 ~ ' -4.54966
+ §5.27030 .06498
: .6233%0 T 3.69%67%)
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¢
'
4
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0.994800
1.00050
1.00030
1.01110
1.02810
1.02640
1.03070
1.03%30
1.02620
1.02500
1.01370
1.01380
1.00640
0.993700
0.985800
0,983300
0"880000
0.973600
©0.972200
0.98%300
0
o
0

-975000 .

.972600
0.98%700
“\1,01870

81090
. 02790
.08110
.05110
.04850
. 08750
.06100
. 07490
,07330
.09880
. 10920
.09720
.10110
+ 11320
. 12560
. 14160
. 11890
.12160
. 12450
. 14030
. 16630
. 18270
. 17280
.179%0
. 18980
. 19%%0
. 17390
. 14630
. 15860
. 17230

. 17060
. 16520

. 17960
. 16960
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PHOG2 PHOG3 PHOG4 HOGSL ASLWT
...................................................... S PP
1 27.4000 35.5844 as. 1749 611454 165,400
2 28.2300 36 #4623 39.3423 $86910. 16%.400
3 . 2%.9400 33.6883 36.1374 748425 16% . 400
4 ; 24.0200 3t.1948 33.4657 657735 165 400
. 5 ' 23.5300 - 30.5584 32.7831 626064 . 165 . 400
6 24.0400 31.2208 32.4196 730467 . 165 . 400
7 25. 13004, 32.6363 33.6807 606517 165 . 400
8. 22. 1200 28.7273 29.3420 . 597289. 165. 400
9 . 20.3%00 26 .4286 26 .8488 826069 . ' 165.400
10 . 17.9100 - 23.2897 23.7575 717734 165 . 400
11 .. 15.6900 . _ 20.3766 20.7841 - 765211. 165 . 400
12 . 15.6700 . 20.35%06 20.7047 BOG606 . 165 . 400
13 . 16.2500 - 21.1039 21.3487 755999 . 164 . 40
14 . 19 . 4300. 25.2337 25.4230 781778. 154 . 400
15 . 17. 1300 22.2467 22.23869 966502 1@ . 400
16 . 16.1900 21.0260 21.18%7 821601. 164.400
17 . 17.4300 X 22.6364 22.8033 782659 . 164 . 400
18 . 18.3800 - 23.8701 24 .23761 951174 164 . 400
19 . 19.8400 . 25.7662 26.3099 745601 . 164,400
20 . 19.0500 24.7402 2%.06893 699893 . 164.400
21 . 18.9100 24.55%84 R4.8352 880548 . 164.400
22 . 19.8000 25.7143 25.8 736103 . . 164.400
“23 . 19.3900 25.1818 25.27%0 775676 g 164.400
24 . 20.9800 27.2467 27.2249 845225 ¥ 164 . 400
25 . 24 .8400°¢ 32.2597 32.4%00 750439 . 164 .200
26 . 2%.6100: 33.25%87 33.4127 761367. 164.200
. 23.5600 :30.5974 - 30.%484 954894 . 164.200
28 . 22.8800 29.7273 29.%965 8223%7. 16#, 200 -
29 . 25.3200 . 32.8831 32.5115 765754, . 164.200°
30 . 26.7400 T 34.7272 34.0119 909857 . 164 .200
31 . 28.8700 _, . 37.1039 36.506% 672569 . 164200
32 . 28.8600 ., 37.4805 36.8133 668764 . © .164.200
33 . 29. 1000 37.7922 ._iv.uss 836686 . © 164.200
34 . 28.0900 36.4808 . 85 .8457 678986 . ;. 164.200
as . 27,7900 36. oso§° 25.6289 723149 : 164.200
36 . 30.7800 39.9740 9.8421 812321 164..200
37 . 32.5100 . 42.2208 42.1828 70%185t. . 165.600
3s . 36.2300 47.0%19 46.8402 681877 . 164.200
39 . 38.1300 49.%195 49.3511 900280 . 164,000
] 40 . 3%.5600 46.1818 46.209% 705386 . 164.600
. 4 . 3§.3500 47.2078 47.2314 7014%2.  164.300
: el ? 1] e 38.3500 50.0649 ' 49.9798 536 . 164.300
‘ g 43 . . 46.6400 60.5714 60.5381 _,}gm. 163.300
a4 . 86.6800 73.6104 - 73.8900 ~ 604397 . 161.800
a5 . . . 43.7900 . 86.8701 $7.3307 754099 . 164 . 100
4, ., 42.1200 « . $54.7013 54.7%05 661133. 16%.200
47. - ., 40.9700 %3.2078 . 53.1439 T 711584, 168. 100
46 . - . . 39.7900 51.6783 51.6443 - 794813, 165300
A9 . -, 40.%800 - 82.7143 - $2.2609 .  -708280. 167. 100
4,50 AR 39.7360 ° 51.5974 50.39% T 77808S. 1661200
_ AT . 34 .8800 452987 44.0203 947415 . 165. 100
o~ 8%~ . 30.5200 39.6363 33,3402 o 737067 . 164.900
. . 853 - 26.0900 33.8831 _.3%.5989 739183. 163.200
: 54 . . 27.4000 35.8844 . . 34.3887 814627, - 163.000°
. | . 3€.3100 47.1588 46.0288 - 639823. 163.70Q
L e v “sei- . . 37.6700 as. 9221 47.9338 665496 . . 163.600
A 527 .. 38,7900 . 46.4808 45%.8437 783%10. .- 163.300
¢ ;88 .- 38.9000 80.5198" 49.6606¢ 646004, - 164.500
S - . 38.3400 . 49. 7922 491348 701964 165.600
- €0 . 39.9200: $1.8871 %1.2400 - 767881 163.600
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X3AGG DUTY 1 DUTY2 POP 1 pOP2
0. 190389 0. 500000 0.800000 21.1820 203.780 ¢
0.186208 0. 500000 0.800000 21.2030 203.940
0.183321 0.500000 0. 800000 21.2230 204 .090
0.490414 0. 500000 0. 800000 21.2440 204.260
0.384089 0. 500000 0. 800000 21.2710 204 .440
0.800408 0. 500000 0. 800000 21.2980 204 .620
1.57459 0. 500000 0. 800000 21.3240 204 .800
1.53074 o.5W <ny 0 - 800000 21.3490 205 .000
1.28976 0.5 0.806000 21.37%0 205.210
0.508255 0. 500000 0. 800000 21.4000 205.430
2.33016 0.500000 0. 800000 21.4220 205.630
0.799726 0. 300000 0. 800000 21.4440 205.820
0.143%56 0. 500000 0. 700000 21.4650 206 .020
0.184759 0. 500000 - 0. 700000 . 21.4840 206. 180
0.405199 0. 500000 0. 700000 21.5030 206.340
0.481194 0.%500000 0. 700000 21.8230 206.510
0.521925 0. 500000 0. 700000 21.5460 206.680
2.36175 0.500000 0. 700000 21.5690 206 .840
3.89%63 0.500000 0. 700000 21.5920 207.010
3.49440 0. 500000 0. 700000 21.6140 207 ;eo
5.14863 0. 300000 0. 700000 21.6350 207.%70
3.24704 0.500000 ©0.700000 T 21.6570 207 .566
4.14295 0. 500000 0. 700000 21.67%0 207.740
4.81560 0. 500000 0.700000 21.6920 207.900
0.903211 0. 500000 0.%00000 21.7100 208 .080
2.76362 - 0.500000 0. 300600 21.7260 208.200
2.19%23 0.500000 0.%00000 21.7430 208.310
6.4%289 0.%00000 0. 500000 21.7%90 208.440
10.%367 0. 500000 0.%00000 21.7800 208.%60
8.98772 0. 500000 0.500000 21.8010 - 208.700
6.23716 0. 500000 0.500000 - Z1.8220 208.840
2.64177 0.500000 0.500000 - ‘'  21.8420 208.980
2.92716 0. 500000 0. 500000 21.8620 . , W209.130
'4.82701 ~ 0.500000 0. 300000 21.8820 209.290
1.59%553 0. 500000 0. 500000 * 21.9020 209.440
1.53405 0. 500000 0. 500000 21.9220 209.580
1.60058 0.500000 0. 500000 21.9420 209.720
2.%0382 .+ 0.500000 0.300000 21.9600 209.830
7.15487 0.0 0. 500000 21.9780 209.920
10.6489 0.0 0. 500000 21.995%0 210.040
12.3342 0.0 0. 500000 22.0210 210. 160
‘1 6.20838 0.0 0.500000 22.0460 210.280
3.81082 0.0 . 0.%500000 22.0720 210.400
3.01183 0.0 0.500000 22.0970 210.%40
2.10988 0.0 , 0.500000 22. 1230 210.690
3.24737 0.0 0. 500000 22.1480 10.840
1.04528 0.0 > 0. 500000 22.1770 7210.980
1,4686 1 0.0 0. 500000 T 22.2080 211.100
4.39¢48 0.0 ’ 0. 500000 22.23%0 211.210
0.0 0.500000 22.2590 211.330
0.0 . 0.500000 22.2830 211.430
2. . 0.0 0, 500000 22.3070 211.5%%0
2. - 0.0 . - 0. 500000 22.3360 211.660
6. * 0.0 . 0.500000 22.3660 211.780
3. 0.Q .~ 0. 500000 22.39%0 . 211.910
6.35894 - o.g, 0. 500000 22.4270 212.060
5.45377 ; . 0. 0. 500000 22.4%80 212.220
4.02196 -,  "gN0.O . 0.500000 22.4900 212.380
- 3.¥8629 - 0.9, " 0.500000 22.5160 212.530 °
1.66152 0.0 0. 500000 22.5430 212.670
. O
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X3AGG DUTY DUTY2 POP1 PO
) 00000 00000 22.%690 212.800
o B  1er0a o'sooooo g':ooooo 22.%5920 212.910
o : S 16401 0'Sooooo 0. 500000 © 22.6160 . 2132.020
os : S aeann 'o'sooooo 0. 500000 22.6390 213,140
o5 S 35494 5’ 300000 ' 0. 500000 22.6880 213.260
o 3 33050 o'sooooo 0. 500000 22.6980 213.470
o 3 29900 o'5ooooo 0. 500000 22.7270 - 213.630
oo 5 82798 o'ﬁooooo 0. 500000 22.7570 213.810
od 2 27143 o""ooooo 0. 500000 22.7860 213.980
70 s 3259 0'!'ooooo 0. 500000 22.8160 214 140
5 3 31917 o'5ooooo 0. 500000 22.8390 214.280
72 2 o838 0'!’ooooo  0.8500000 22.8610 214,400
s 3 S2002 0'!’ooooo 0. 500000 22.8840 214.440
74 s 27093 0'sooooo 0.500000  22.90%0 214,550
78 . 47929 o'!’ooooo 0. 500000 22.9250 214.650
78 3 87570 'o'sooooo " .0.500000 22.9460 214.760
A e 15997 0'!’ooooo 0. 800000 22.9720 214.860
78 3 49291 o 0. 500000 22.9980 214.990
79 5 807104 o - 0.500000 23.0250 215.120
8 2 0937 oo *  0.500000 23.0490 218,280
8, 5 39145 o0 0. 500000 23.0740 218430
82 et o0 0.500000 | 23.0980 215600
a3 3 34782 00 0. 500000 23.1180 218.740
83 3 33908 oo 0. 500000 23.1380 215.870
as 3 Saae o9 0. 500000 . 23.1%80 . 216.020
86 6 17688 00 0.500000 _— 23.1770 216.150
87 1. 2434 0.0 0.500000_ 23.1960 216.260
4 013247 o0 0. 500000 23.21%0 216.400
85 389777 o0 0. 500000 23.2370 216.530
% e o0 0. 500000 23.2580 216.670
o1 s 78760 00 2 0.500000 23.2800 216.820
22 7. 53900 0:0 i ) 23.3000 216.990
o Jabecr. 44 8"8 - R o'm 23.3210 2:;.;38
8 aoars . e O 23.3410 217,
gg 3 20908 o0 W g.msooooo 23.3870., 5 217.480
o 5 178%8 00 0500000 23.3740 % " ° 217.610
97 & 47587 o0 0.500000 23.3900 . 217.740
o 3 02178 o0 0. 500000 23.4060 ' 217.840
99 ¢ 9e9e o0 0. 500000 " 23.4210 . 217.940
% 3 oh7e - o 0.500000 -  23.4370 218.090
101 7 0%67e o 0. 500000 23.4560 218.220 -
o2 ° . Sisac o9 0.$000d0 23.4740 218.360
‘oa 3 82430 oo 0. 500000 23.4930 218.%00
104 3 74009 o9 0. 500000 23.5100 218.670
18 S 9e03e oo 0. 500000 23.5270 218.860
P 3 36910 o - 0. 500000 23.5440 219.030
07 8 o3909 o9 0.800000 23.5590 " 219.190
108 ’ e 50195 0.0 0. 500000 23.5740 219.340
198 e 9283 o9 0. 500000 23.5890 219.700
1% o 04143 00 0. 500000 23.60%0 219.840 &
I3t 3 90415 o9 0. 500000 23.6200 219.9%0
s 3 37081 o0 0. 500000 23.6360 220. 100
b S -5 o0 0. 500000 23.6540 220.250
" . 87850 o8 0. 500000 23.6720 220.420
e 5 01939 o9 " 0.500000 23.6900 220.580
e 3 82099 0 0. 500000 23.7090 220.780
e e 1a1e. o8 0. 500000 23.7280 220.990
e - v 8- 34248 oo 0. 500000 23.7460 221.180
118 't s.s1910¢Y 0.0 . 23.7460 221. 180
119 6.95719.. 0.0 0.800000 23.7670 221.360
' : 0. 500000 . '
120 7.28188 0:0
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