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Abstract

The purpose of the research was to investigate the relationships between domestic and
foreign macroeconomic policy variables and Canadian agricultural export and price levels.

The vector autoregression ( VAR) technique was used to estimate three econometric
models, including two unrestricted models and a model using Bayesian priors. The research
focused on the effects of the U.S./Canadian exchange rate, the CPI, the U.S. money supply
and interest rate, and the Canadian money supply and interest rate on the Canadian Farm
Price Index and an aggregate value of Canadian agricultural exports. The relative strengths of
the relationships between variables were determined using the forecast error decompositions
and impu.se response functions of the VAR model.

The results suggest that events in agriculture explain more of the instability in
agricultural prices and exports than do changes in the macroeconomy. The macroeconomic
variables in the model with the most relative importance to agricultural prices and exports are
the U.S. and Canadian interest rates, both of which exhibited a negative effect on the
agricultural variables. The exchange rate demonstrated little influence. The effect of the U.S.
money supply on the interest rates and the exchange rate suggest an indirect influence on

Canadian agriculture.
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1. Introduction

A. Purpose of the Study

As the Canadian agricultural sector becomes more integrated with the rest of the
Canadian economy and the internationa: commodity and financial markets, the agricultural
sector becomes mor= sensitive to the macroeconomic policy decisions of both domestic and
foreign governments. Perceptions of the causes of price and income instability in agriculture
have extended from microeconomic level causes such as market imperfections and shocks from
the natural environment, to a more macroeconomic approach. Levels of government subsidies
and supports program attest to the continued importance of microlevel concerns. However,
monetary fluctuations and changes in the international commodity and financial markets are
perceived as having a substantial influence on the performance of the Canadian agricultural
sector. Changes in exchange rates can affect the value of agricultural products in world
commodity markets by causing demand shifts and price changes. Interest rates, through
economic linkages with exchange rates, money suppiies and government expenditures, can also
affect agricultural prices and exports. As the Canadian economy becomes further integrated
into a global economic structure, more emphasis needs to be placed on understanding the
economic relationships that are important causes of price and export ...»tability in Canadian
agriculture. Discussions of agricultural trade liberalization between countries may have to
include consideration of the role of monetary and fiscal policies of countries as well as their
agricultural subsidies, tariffs, and other support programs. The growing significance of the
linkages tetween ‘he international macroeconomy and Canadian agriculture ecmphasizes the
need for increased awareness and more thorough understanding of the relationships.

Canadian agriculture depends heavily on exports. The degree of integration of
Canadian agriculture in world commodity markets is very high.' The valuc of exports
corresponds to about fifty percent of total farm gate receipts. At the same time, agricultural

imports are valued at roughly thirty percent of total farm gate receipts, indicating the degrec

1Garth H. Coffin, "The Internationalization of Canadian Agriculture,” Canadiar
Journal of Agricultural Economics, vol. 35, 1987, pp. 692.
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to which Canadian agricultural products compete in the international markets.’

Due to the importance of export trade to Canadian agriculture, Canada's competitive
position in world markets must be maintained in the face of growing agricultural trade
protectionism sentiment at an international level. Exchange rates are considered crucic] for the
maintenance of a competitive position in international agricultural commodity markets.’> As
Canada's currency strengthens relative to other trading nations' currencies, Canadian products
become iess competitive and foreign demand for Canadian products decreases. Further, the
relative price of competing imports put downward pressure on the domestic prices of
Canadian goods.

The currency of most concern for Canada is the American dollar. At the present, the
American dollar is the most important price in the world economy and affects the competitive
postion of other trading countries relative to the United States, a major player in agricultural
commodity markets.* As well as affecting Canada's competitive position abroad, the
Canada/U.S. exchange rate affects agricultural exports to the United States. Given that the
U S. domestic market absorbs the largest share of total Canadian agricultural exports
(approximately thirty-seven percent), the American dollar acquires even further significance.
Further, the U.S. accounts for fifty-seven percent of Canadian agricultural imports.*

The true influence of exchange rates on Canadian agriculture is uncertain. Estimation
of the effects is compounded by the extreme volatility experienced by different currencies
since most governments switched from fixed to flexible exchange rates in the early seventies.
Figure 1.1 shows the monthly fluctations in the Canada/U.S. exchange rate since 1960. The
montkly changes in agricultural export values illustrated in Figure 1.2 demonstrate that

fluctations in agricultural trade are not closely correlated with exchange rate changes.

‘Agriculture Canada. Handbook of Selected Agricultural Statistics, Ottawa, Canada,
1986. Percentages are an average of 1982-1985.

‘George 1.. Brinkman, "The Competitive Position of Canadian Agriculture,” Canadian
Journal of Agricultural Economics, vol. 35, 1987. pp. 273.

‘Otmar Emminger, "The International Role of the Dollar,” Economic Review, Federal
Reserve Bank of Kansas, Sept./Oct., 1985, p. 17-24.

‘\xriculture Canada, Canada's Trade .n Agricultural Products 1985, 1986, 1987.,
Oulawa, Canada, July, 1988.



However, the Canadian farm price index in Figure 1.3 suggests that farm prices decline as the
Canada/U.S. exchange rate increases.

Since attention was first directed towards the integration of agricultural trade, the role
of the exchange rate has received much emphasis in economic trade models.* The exchange
rate, however, does not operate independent of other macroeconomic variables. At different
times, various countries, Canada included, have managed the value of their currencies by
restricting or expanding money supplies, or by altering interest rates.” High interest rates alone
have severely strained the financial situation of farmers due to the capital-intensive nature of
Canadian agriculture. The link between interest rates and the exchange rate may provide 4
further influence on Canadian agriculture.

The need to understand the effects of macroeconomic policies at a domestic level is
highlighted when consideration is given to the fact that instruments used in the Canadian
monetary policy work through the financial markets. The monetary goal of a stable inflation
rate, for example, may unintentionally be negatively affecting the agricultural industry
through a restricted money supply and subsequent higher interest rates. Control of the
inflation rate has been a major goal of the Bank of Canada. The correlation between the
Canadian currency and demand deposits (M1) and the nominal Consumer Price Index is
illustrated in Figures 1.4 and 1.5. The U. S. monetary policy is often perceived to indirectly
affect Canadian agriculture through U. S. interest rate influence on Canadian monetary
variables. The Canadian interest rate tends to follow fluctuations in the U.S. interest rate as
demonstrated in Figure 1.6. The influences of Canadian monetary goals are perceived to have
large impacts in Canadian agriculture but, as of yet, there does not exist a clecar understanding

the linkages involved, no: the strength of the influence.

‘For the most part, the emphasis on exchange rate is the result of a pionccring
article by Edward Schuh, "The Exchange Rate and "U.S. Agriculture,” American
Journal of Agricultural Economics, vol. 56, 1974, pp. 1-13.

'Good analyses of Canadian monetary policy are provided by Thomas J. Courchenc,
Abandoning Monetary Targets: An Evaluation, Toronto: C.D. Howe Institute, 1983,
Peter Howitt, Monetarv Policy in Transition: A Study of Bank of Canada Policy
1982-1985. Toronto: C.D. Howe Institute Policy Study No. 1, 1986; John E. Floyd,
Focus on the Canadian Dollar, Vancouver: The Fraser Institute, 1985.



The purpose of the study is to review the current state of understanding of the
relationships between macroeconomic variables and agricultural prices and exports and provide
some empirical evidence as to the relative strengths of the relationships. If the macroeconomic
causes of price anu export instability are more clearly understood, policies can be directed

toward reducing the instability rather than subsidizing the victims of instability.

B. Objectives of the Study
The central objective of the research is to analyze the effects of changes in major
domestic and international macroeconomic variables on Canadian agricultural prices and
exports.
The specific objectives undertaken by the study are:
1. To develop an econometric model suited to determining the relationships between the
macroeconomy and agriculture.

2. To examine the relative importance of national versus international policy shocks.

C. Outline of the Study

The study will proceed as follows. Chapter Two surveys the empirical studies on the
influences of macroeconomic variables on agricultural prices and exports. The chapter
highlights some of the advances made but also emphasizes the need for more research given
the conflicting views of the importance of different variables in empirical studies. Chapter
Three outlines the Vector Autoregression econometric technique, the moc ~ chosen as the most
appropriate procedure for achieving the objectives defined in the initial stages of the research.
As well, the third chapter lists the data series chosen. The model estimation, results and
implications of the results are described in Chapter Four. Chapter Five presents the

conclusions., limitations of the study, and possible avenues for further research.
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I1. Theoretical Framework

A. Introduction

The Canadian agricultural sector is sensitive to world markets and foreign and
domestic macroeconomic policy. Canadian agricultural prices and exports are influenced by
macroeconomic variables such as exchange rates, interest rates, and the money supply. Some
of the instability in the agricultural sector may be a product of macroeconomic policies
developed to achieve goals not considered directly related to the agricultural sector. There
appears 10 be a lack of consensus, however, about the nature or significance of
macroeconomic linkages to the agricultural sector. The present state of macroeconomic theory
is such that several different, and sometimes conflicting theoretical approaches are considered
acceptable for formulating conceptual frameworks. A natural first step should be to idertify
regularities in macroeconomic and agricultural data that can be used in support of economic
models. Given the importance of the agricultural industry to Canada, such analysis should
contribute 1o a better understanding of the effects of Canadian, United States and world
macroeconomic policy variables on Canadian agricultural prices and exports.

Disagreement arises over how important the effects of movements in certain
macroeconomic variables are to agricultural prices and exports if account is taken of buffering
influences of other facters Given the controversy, it is surprising that little empirical work
has been published in Canada on macroeconomic linkages to agriculture. Brinkman, in an
article describing Canadian agriculture's competitive position in world markets and
Freshwater, in a paper relating sinularities and differences in the financial condition of
farmers in the United States and Canada to government policies, both agree that one of the
most important variables affecting Canadian agriculture at the trade level is the exchange

rate.' However, Freshwater takes the view that a decline in the Canadian dollar will protect

'‘George L. Brinkman, "The Competitive Position of Canadian Agriculture,” in
Canadian Journal of Agricultural Economics, vol. 35, 1987, pp. 263-288, and David
t -shwater, "Farm Finance and the Public Sector: A Macroeconomic Perspective,”
Canadian Journal of Agricultural Economics, vol. 35, 1987, pp. 709-733.

8



Canadian farmers from other influences such as rising interest rates given that world
commodity prices are in United States dollars and Canadian domestic production expenses arc
in Canadian dollars. Brinkman, on the other hand, while agrecing that a decline in the dollar
will improve Canadian competitiveness in world markets, stresses that costs of production will
increase because prices of inputs such as fertilizer and petrolcum products are set
internationally. Neither paper gives an indication as to how significant are the effects of
changes in the exchange rate.

Despite a lack of agreement on the effects of macroeconomic variables on agriculture,
both articles recognize the role exchange rates, and to a lesser extent, interest rates and growth
in the money supply, play in explaining events in Canadian agriculture. Brinkman suggests
that macroeconomic policies may be at least as important as commodity policies in affecting
agriculture. Freshwater's paper goes further in that it also pays attention to indirect effects
that changes in United States macroeconomic policy have on Canadian agriculture through
American influences on Canadian macroeconomic variables. In an earlier article, Anderson
and Gellner noted that the world capital market, and its effect on interest and exchange rates,
has yet to be considered an important economic variable in regards to Canadian agricultural
trade.® Realization of the necessity of including domestic and foreign macioeconomic policy
variables in studies modelling effects on Canadian agricultural prices and exports cxist, but, as
of yet, few empirical studies appear to have incorporated them.

Even though empirical work from the United States on macroecconomic impacts on
U.S. agriculture is far more substantial than Canadian publications on Canadian agriculture,
the U.S. literature indicates that American agnicultural economists also have yct to reach an
agreement on how each macroeconomic variable is involved in agricultural prices and exports.
Most of the studies either focus on direct monetary and fiscal policy effects on agriculture or
on indirect macroeconomic effects through variables such as the exchange rate. interest ratc,
and inflation process. Gradually, however, the dividing line is becoming less focused as morc

agricultural economists search for causal linkages between monetary policy, exchange and

'W.J. Anderson and J.A Gellner, "Canadian Agricultural Policy in the Export
Sector," Canadian Journal of Agricultural Economics, vol. 32, 1984, pp. 170-185.
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interest rates, and agricultural prices and exports.

The purpose of the following chapter is to review some of the existing literature on
macrocconomics and agriculture in an effort to decide which macroeconomic variables are
considered the most significant in linkages with Canadian agriculture. The standard
Mundell/Fleming macroeconomic model modified to explicitly include the agricultural sector is
presented as a convenient method of discussing the theoretical linkages between
macroeconomic variables and agricultural prices and exports. In order to provide a logical
direction to the review, the macroeconomic connections to agriculture will be divided into
three groups: first, the effects of fiscal policy on agriculture; second, the effects of monetary
policy, in this case, moncy supply, interest rates and sub;equently exchange rates, on
agricultural prices and exports; and finally, the effects of international policy in terms of

other nations' macroeconomic policy effects on Canadian agricultural prices and cxports.
B. Macroeconomic Linkages to Agriculiure

Conceptual Framework

A modification of the Mundeli/Fieming macroeconomic model provides the
opportunity to demonstrate possibic macroeconomic influences on agriculture in a small open
cconomy.'® The following model is divided into two sectors: a non-agricultural sector and an

agricultural sector. To simplify the model, tne sectors are assumed to be separable.

EPXH Epmn Epmn
VU= oY) 4 1N+ G+ (XN ) - —— MY —) (2.1
P P P
' an Epma Epma
Y= c(vYd) + ) + G? + (3 ——) - —— MA(Y®, ) (2.2)
P P P
) = 17(r) + 13(r) (2.3)

" "Le Mundell/Fleming model was adapted from William Scarth, Macroeconomics: An
‘wiroduction to Advanced Methods, Toronto: Harcourt Brace Jovanovich, 1988, p.
RN
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Y=Y"+Y2 (2.9)
g 'Y
v = (2.5)
P
_.pd m
P = yP% + (1-7)EP (2.6)
p™ _ o(p™M" pMa) (2.7
P-L(Ys)=D+R (7 8)
Ep*? Ep**  gp™ EF "
R® = Pd[x" (—) + x3( ) - —g ~M“(de. \
P P P
EPma Pma R
— MY, — ]+ K R (2.9)

where the superscripts denote the following: n denotes the non-agricultural sector, a denotes
the agricultural sector, d denotes a domestic variable, I denotes a foreign variable, m denotes
imports, and x denotes exports. Equations 2.1 and 2.2 are standard IS functions for the non
agriculture and agriculture sectors, respectively. Y is the total supply of goods in the economy
and is a function of the total spending by households, firms, and government, and the
amount exported less the amount spent on imports. Units of import i (where i represents onc
of the sectors) are converted to domestic currency units by multiplying the exchange rate, E
(domestic currency price of one unit of foreign currency), the world price, Pmi. and imports,
M. Division by the domestic price, Pd. will put imports into domestic physical units.

Equation 2.3 and 2.4 describe total investment and total output as the sum of
investment and output supply in both sectors. The income effects of exchange rate changes
are captured in equation 2.5 and 2.6. The real value of domestic income is found by dividing
the nominal value of production, PdY, by the average price of all goods consumed by

domestic agents, P. The average price index, as defined by equation 2.6, weights the valuc of

domestic and imported goods. Assuming no savings, the average propensity 1o consume



12

domestic goods is specified by y and the average propensity to spend on imported goods is
given by 1-y. The exchange rate in equation 2.6 allows a decrease in the val ~ domestic
dollar to directly raise the price level. The world price for imports is a funct. he
non-agricultural and agricultural world price as defined in equation 2.7.

Equation 2.8 depicts the money market equilbrium or the LM function. The money
supply is defined as the assets of the central bank in the form of government bonds, D, and
foreign cxchange Tescrves, R. Money demand is a function of the price level, transaction
demand for money, 1.(Y). and the asset demand for money, L(r). Money supply and money
demand increase in the same proportion. As the exchange rate is considered flexible in this
model, 1D and R are exogenous.

The foreign exchange market is introduced in equation 2.9. The change in foreign
reserve holdings (balance of payments), R®, is divided into the current account (trade
account) balance and the capital account (asset transaction account) balance. The current
account balance, or net exports, allows for the direct influence of the exchange rate. Exports
are defines as a function of tlie exchange rate and imports as a function of the exchange rate
and domestic output. If the domestic currency depreciates, exports will increase and imports
will declinc. <suming people everywhere substitute cheap goods for expensive goods. The
direct influence of interest rates on the balance of payments and the exchange rate is felt

through the capital account, K(r - rf

- —l;:—.-), where K is the net capital inflow, rf is the
forcign vield on bonds, and % is the percentage change in the exchange rate which captures
any speculative gain from changes in different currencies. As rf increases relative to the
domestic interest rate, large capital outflows will cause the domestic dollar to depreciate.
Much of the value of a structural model is the ability to determine the effects of
changes in economic variables through evaluation of their multipliers. In order to avoid too
much complexity, the model is simplified by eliminating the non-agricultural sector. Several
other simplifying assumptions are made. The IS function for agriculture is considered to be

independent of prices by assuming that the Laursen/Metzler effect can be ignored. Note

however, that by making these assumptions, th: average propensity to consume, y, must be
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unity and thus domestic agricultural output must equal total agricultural output, implying that
. . . . F* . .
imports do not exist.!' The speculative gain from exchange rate changes (—F— in equation

2.9), is also disregarded. The model now becomes:

Y2 = c(Y?) + P(r) + G + (X2 (E) - EM}(Y, E) (2.24)
Ly(Ya. 1) =D + R (2.8a)
R® = X(E) - E(Y2. E) + K(r - ) (2.92)

To calculate the multipliers, the total differentials of each equation must be derived
and arranged so that the endogenous variables a.= on the left hand side and the exogenous

variables are on the right hand side:

(1 -L‘y E-May)dYa lardr + (xae . E-Mae)dE = dG (2.10)
Ldea + L dr = dD + dR (2.11)
(E-May)dYa - K dr - (x"‘e - E-Mae)dE = -dR® - Krdrr (2.12)

Each partial derivative represents the slope of a function. Together, the partial
derivatives define the structure of the economic system. As examples, the marginal propensity
10 consume, Cv' is assumed to always be a positive fraction less than onc, and the partial
derivative, Ir' is negative .iue to the downward sloping demand relationship between
investment and interest rates. The multipliers can be derived using cither algebraic substitution
or matrix notation.

The simplified mode! will be used to derive examples of multiplicrs affecting the

agricultural sector. The following sections will discuss fiscal and monctary policy with respect

iSee W. Scarth, op. cit., p. 126, for the underlying justifcations of these
assumptions.
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10 a small open economy as specified in the above model and the results of other studies.

Fifects of Fiscal Policy

Conventional macroeconomic theory indicates that agricultural output and prices are
directly influenced by changes in fiscal policy and indirectly influenced by fiscal policy
through interactions between fiscal policies and interest and cxchange rates. The net impact of
government cxpendil;.lre on agricultural output can be evaluated through the derivation of the
fiscal multiplier, %Y(—}— Using matrix notation, the denominator for the fiscal muliiplier is the
determinant of the structural matrix composed of the partial derivatives from the endogenous
variables (on left hand side of equations 2.10 to 2.12). The numerator is derived from the
structural matrix when column dY? is replaced by the dG column of the exogenous variable
matrix.

The fiscal multipler in a flexible exchange rate becomes:

a
dY _ Lr

dG Lr(l-C‘J,) + IrLy - KrLy

From the fiscal multiplier represented in the Mundell/Fleming model, a government
expenditure increase will have little to no effect on agricultural output if there is perfect
capital mobility between countries. 1;he fiscal pressure on interest rates will be buffered by
capital inflows. As K r increases, ‘:—YG— approaches zero. However, if the supply side effects of
cvchange rates are considered by relaxing the assumption that the average propensity to
consume is equal to unity and instead is less than unity, the fiscal multiplier will have a
positive effect on agricultural output. By relaxing this assumption, equation 2.6 is included in
the simplified model and exchange rate changes are allowed to affect prices. Therefore,
increasing fiscal expenditure will cause upward pressure on the domestic interest rate, as

hetore, but this will in turn raise the domestic dollar. While agricultural exports will be less

t1vourably received in world markets, imports will be less expensive and prices lower.
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Domestic agricultural output (IS curve) will increase because money supply increases (I.M
shifts right) due to to the price change. The price change, however, means lower prices for
competing domestic agricultural output.

There has been little investigation of the sensitivity of agriculiural prices and exports
to government expenditures. Lamm, in a U.S. two sector dynamic model designed to
determine macroeconomic linkages to agriculture, found that increassd nominal government
expenditure has a negative effect on nominal and real agricultural income anc¢ agricultural
output.!? Lamm suggested that U.S. agricultural price support policies as a component of
total government expenditure, may actually decrease agriculturai incomes. However, if
agricultural income and output are considered to be equivalent, it can be argued that the
effect of government exrenditure should be negative as many Ui S. support policies are
designed to reduce agricultural output.

The standard open economy results are supported by a general equilibrium simulation
analysis of U.S. monetary and fiscal policy impacts on the U.S. agricultural industry from
1970 to 1984.'* This study found that U.S. government spending without compensating tax
revenue was found to raise interest rates, hence increasing the U.S. aollar and dampening
demand for U.S. agricultural exports. Due to the momentum of previously high U.S. deficits,
simulation of reduced government spending with a constant mone; supply (and therefore
reduced interest and exchange rates) only slowed the decline 1n agric ultural exports. Although
lessencd by high levels of world commodity stocks, agricultural prices increased in the world
commodity markets. The study suggests that the fiscal bchavior of the U.S. government has a

significant effect on the international demand for U.S. agricultural products.

2R . McFall Lamm, "The Role of Agriculture in the Macroeconomy: A Sectoral
Analysis,” Applied Economics, vol. 12, 1980, pp. 19-35.

1T, Barclay and L. Tweeten, "Macroeconomic Policy Impacts on the United States
Agriculture: A Simulation Analysis,” Agricultural Economics, vol. 1, 1988, pp.
291-307.
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Effect of Monetary Policy

The instruments of monetary policy are those macroeconomic variables primarily
dctermined within domestic or international monetary markets: typically money aggregates, or
interest rates, or exchange rates.'* Changes in the endogenous variables of output, the
domestic interest rate, prices and the exchange rate, can affect the economy through a number
of channels. At a given Y, changes in the price level wil' change the demand for money in
equation 2.8 and the level of output in equation 2.5. To restore equilibrium in the money
markei. the interest rate will move opposite the direction of the price level movement. Interest
rate changes influence investment and subsequently aggregate demand. Foreign
macroeconomic shocks can affect domestic monetary variables through the exchange rate and
the foreign interest rate in equation 2.9. The possible consequences of monetary policy
prescriptions on agricultural prices and exports depend on linkages of macroeconomic
variables to the agricultural sector and also the effects of macrosconomic variables on the
factors affecting the demand for agricultural products.

The ct; fects of money supply changes can be evaluated through the monetary policy
multiplier % where D is the monetary assets held by the centrai bank. Using the same

procedure as used to derive the fiscal policy multiplier, the monctary policy rnultplier

becomes:

a
dy lr - Kr
dD Lr(l-Cy) + IrLy - KrLy

As the money supply is expanded, inierest rates will decline and agricultural output will
increasc. If prices were included in the model, the interest rate decline would raise the
aggregate demand and therefore raise prices. The price increase would affect aggregate supply
and cause the real money balance effect 1o be uudermined, therefore causing the LM curve to

<hift backwards and lessen the positive effect of the money supply increase on agricultural

“Robert Chambers, "Interrelationships Between Monetary Instruments and Agricultural
Commodity Trade," American Journal of Agricultural Economics, vol. 63, p. 934.
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output. In essence, the money supply expansion will have the same result as & epreciation in
the domestic currency.

Much of the work on macroeconomic linkages to agriculture has been mainly
concerned with the role of exchange rates on agricultural prices and exports. Theoretically, in
a flexible exchange rate regime, with sufficient substitutability in agricultural import and
export demand, a depreciation of the domestic currency will increase the export demand for
agricultural products as determined by import demand elasticities, thus putting upward
pressure on agricultural prices both in international and domestic markets. (This discussion is
based on the trade balance portion of equatic:. 2.9, as previously described.) The condition
for sufficient substitutability (Marshall-Lerner Elasticity Condition) is met as long as the sum

of the export demand elas'’ ‘ty (elasticity of exports with respect to relative prices) and the

import demand elasticity is greater than unity.'* Most of + '« agricultural exports are
sold into competitive markets thus meeting the requirem ficient substitutability for
the agricultural trade balance. However, should a depreciat. -~ .nc dollar also cause

domestic inflation, the Marshall-Lermer condition will not be sufficient to ensure an
improvement in the trade balance.

Schuh first brought the atiention of agricultural economists to these issues in a
pioneering article in which he argued that the over-valuation of the U.S. dollar in the 1950s at
its fixed rate played an important role in the decline of U.S. agricultural prices and
profoundly influenced the rate of technical change in the industry.'* Since Schuh'’s article,
much analysis has been done on the impact of exchange rate movements on agriculture. Not
all studies have been supportive of Schuh's conclusions, however. Kost's partial equilibrium
analysis concludes that more research directed to effects of exchange rate changes on specific
agricultural commodity prices and quantity would show that the impact of dcvaluations of the

dollar would not be all that significant to agricultural trade.!” Kost argues that although a

1SW. Scarth, op. cit.,, p. 130.

14G. Edward Schuh, "The Exchange Rate and U.S. Agriculture,” American Journal
of Agricultural Economics, vol. 56, 1974, pp. 1-13.

1"William Kost, "Effects of an Exchange Rate Change on Agricultural Trade,”
Agricultural Economics Research, vol. 28, 1976, pp. 99-106.
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devaluation of the domestic dollar raises both foreign demand and price for domestic
agricultural goods, the quantity exported is controlied by the import and export demand
clasticities. Kost assumes that export and import demand elasticities are low and as a result,
movements in the exchange rate will change price more than quantity exported. If other
policies such as stockpiling are involved, the impact of exchange rate fluctuations on
agricultural prices will be smaller.**

Chambers and Just suggest that the standard two-country excess supply and demand
model may be unnecessarily restrictive.’” The excess demand equations, for example, can only
be estimated if the assumption of zero cross-price elasticities between the traded agriculture
goods and all other goods with flexible prices holds. Chambers and Just propose that rather
than treating the exchange rate as a means of adjusting prices, as the classical two-sector
models tend to do, the exchange rates should be incorporated directly into the excess supply
and demand equations in order to distinguish the different effects arising from the exchange
rate and price fluctuations.

Chambers and Just provide evidence to support their assertion in a econometric model
consisting of fifteen equations which explain disappearances, inventories, exports and
production for U.S. wheat, corn, and soybeans.? The results suggest that exchange rate
changes significantly alter the levels of agricultural exports at the expense of domestic use.
Barclay and Tweeten found similar results of the exchange rate on agricultural exports in

another econometric model.?!

""Maury E. Bredahl and Paul Gallagher, "Comment on "Effects of an Exchange
Rate Change on Agricultural Trade," .dgricultural Economics Research, vol. 29, 1977,
pp. 45-48, examined conclusions made by Kost and by estimating the net elasticities
of cxcess supply and demand curves without allowing domestic supply and demand
curves to change with exchange rate changes, found that the quantity of goods
traded due to fluctuations in the exchange rate may be quite large.

1'R.Chambers and Richard E. Just, "A Critique of Exchange Rate Treatment in
Agricultural Trade Models,” American Journal of Agricultural Economics, vol. 61,
1979, pp. 249-257.

*(Chambers and Just, "Effects of Exchange Rate Changes on U.S. Agriculture: A
Uvnamic Analysis,” American Journal of Agricultural Economics, vol. 63, pp. 32-46.
"Tom Barclay and Luther Tweeten, op. cit., p. 296.
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Since the first empirical estimates of exchange rate impacts on agriculture were
published, the major trading nations have moved from fixed to floating cxchange rates.
Agricultural economists, such as Chambers, now argue that too much emphasis has been
placed on finding magnitudes of exchange rate adjustment on agricultural prices and exports,
and not enough attention has been given to the variables determining floating exchange rate
levels.?? However, a problem arises in finding a common basis on which to start modeling
exchange rate determination as a wide range of theoretical explanations exist. The issue
becomes a question of which model type best explains exchange rate movements and what
improvements can be made to improve the explanatory power of empirical models of the
exchange rate.

Even leacing models of exchange rate determination such as monetary models,
monetary models with sticky prices, and portfolio balance models are not supported
satisfactorily by empirical evidence.?* Monetary models consider the exchange rate serves
solely to equate prices of all goods in different currencies in order to achieve purchasing price
parity. The exchange rate will follow a random walk if exogenous shocks follow a random
process or the money demand is interest inelastic. In other words, changes in the money
supply will cause equal changes in the exchange rate. However, in the sticky - price model of
Dornbusch, changes in the money supply will lead, in the short term, to a larger change in the
exchange rate relative to a change in the money supply, otherwise known as overshooting of
the exchange rate.?* Backus, however, finds no evidence of overshooting of exchange rates in
his regressions using Dornbusch's sticky price model. Portfolio balance models also suggest
declines in the exchange rate for increases in the money supply but instead of affecting

exchange rate through prices, the demand for assets is directly affected by the exchange rate

2R " Chambers, "Interrelationships Betweenn Monetary Instruments and Agricultural
Commodity Trade,” American Journal of Agricultural Economics, vol. 63, 1981, p.
935.

BDavid Backus, "Empirical Models of the Exchange Rate: Separating the Wheat
from the Chaff,” Canadian Journal of Economics, vol. 17, 1984, pp. 824-846.
“Rudiger Dornbusch, "Expectations and Exchange Rate Dynamics,” Journal of
Political Economy, vol. 84, 1976, pp. 1161-1176.
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through the valuation of assets in foreign currencies.?*

According to the small open economy model, restricting the money supply will
increase the interest rate thus driving up the exchange rate which in turn will decrease the
quantity of agricultural products exported. In a U.S. study, Batten and Belongia found no
significant relationship between money supply growth and the real dollar value. The real
cxchange rate, however, was found to have a significant, negative effect on U.S. agricultural
exports.*

Another issue raised with respect to money supply changes, exchange rate movements
and the effect on agricultural prices and exports is the question of whether there is a
distinction between the short and long run in whether prices are flexible or sticky. Denbaly
and Williams examine the linkages between money supply changes and U.S. exports and prices
of feedgrains.” In this model, linkages were dependent on two factors: the responsiveness of
the exchange rate to money supply changes and the responsiveness of prices and exports to
exchange rate changes. The conclusion drawn was that only a weak link was evident in the
former and little reaction in the long run was demonstrated by the latter due to high price
elasticity of U.S. agricultural export supplies and the protectioni-  ~asures of other
countries.

The possibility of direct linkages between the money supply and agricultural prices and
export; is gaining increasing attention in the literature, placing further stress on the issue of
the neutrality of money. The agricultural industry is possibly more sensitive to changes in
monetary and fiscal policy due to the "flex-price" nature of agricultural products as compared
10 the "fixed" prices of most non-agricultural commodities. As a result of flex and fixed price

behavior, changes in the money supply may cause agricultural prices to overshoot their long

*Backus, op. cit., p. 833.

**Dallas Batten and Michael Belongia, "Monetary Policy, Real Exchange Rates, and
US. Agricultural Exports,” American Journal of Agricultural Economics, vol. 68,
19586, pp. 423-427.

'M.S. Mark Denbaly and Gary W. Williams, "U.S. Money Supply and the
Fichange Rate: Long Run Effects on the World Feed Grain Market,” American
Joeurnal of Agricultural Economics, vol. 10, 1988, pp. 49-62.
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run value. In the perspective of the rational expectations schocl, ~wever, a decline in the
nominal money supply should cause the same decrease in the level of prices. However,
because some non-agricultural prices are fixed in the short term, a {all in the nominal money
supply will also mean a decrease in the real money supply and a rise in interest rates. Changes
in the money supply may therefore cause agricultural commodity prices to overshoot their
long run equilibrium value.*

The assumption of fixed prices for non-agricultural commodities and "lexible prices
for agricultural commodities is still controversial. Chambers found evidence of the
non-neutrality of money in the short run in a model linking the financial and agricultural
sectors. A preliminary empirical analysis showed agricultural prices to fall relative to
non -agricultural prices in the short-run.?’ Bessler, however, using Granger-type causality
techniques on Brazilian data, found no difference in the adjustment rates of agricultural and
non - agricultural prices to changes in the money supply if the monetarist assumption that
money supply shocks cause price changes is uscd in the ordering of the vector autoregression
(VAR) model.*® A different ordering, placing money supply after prices in the causal
progression, results in weak support for the hypothesis of relative price changes.

Other monetary policy instruments, such as interest rates, have not been given as
much attention in the literature as have the money supply and exchange rates. Frankel applicd
the Dornbusch overshooting model as developed for exchange rates to agricultural prices."
Declines in agricultural prices from 1980 to 1984 were found to be a result of rising interest
rates, which in turn were created by a decline in the nominal and therefore real moncy supply.
Given the capital-intensive nature of agriculture and current levels of debt to asset ratios,

interest rate movements can have significant effects on agricultural costs and thercfore can

uJeffrey A. Frankel, "Commodity Prices and Money: Lessons from Intcrnational
Finance," American Journal of Agricultural Economics, vol. 66, 1984, pp. 560-566.
»R. Chambers, "Agricultural and Financial Market Interdependence in the Short
Run,” American Journal of Agricultural Economics, vol. 66, 1984, pp. 12-24.
%David J. Bessler, "Relative Prices and Money: A Vector Autoregression on
Brazilian Data,” American Journal of Agricultural Economics, vol. 66, 1984, pp.
25-30.

1], Frankel, "Expectations and Commodity Price Dynamics: The Overshooting
Model," American Journal of Agricultural Economics, vol. 68, 1986, pp. 344-348.
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affect the levels of both storable and r.on-storable commodity (for example, breeding
livestock ) stocks. An increase in interest rates will cause supply-induced price declines as
commodity stock levels are decreased. Both movements in the interest rate and changes :n
stock levels can produce changes in the value of the dollar which in turn creates pressure on
grain prices given the export dependent nature of the agricultural sector.*? Frankel's work
demonstrates the need 10 recognize that although the U.S. and Canadian agricultural sectors
are operaling in an increasingly open economy and the nced for emphasis to be placed on the
effects of exchange rates, macroeconomic variables such as interest rates, important in bc'h
closed and open economies, must also be included.

Currently, new econometric techniques such as vector autoregressive models can be
used to investigate linkages between macroeconomic variables and agricultural prices and
cxports while placing few restrictions on the model.”? Orden used three- and six-variable
vector autoregressive models to investigate empirical relationships between the money supply,
the interest rate, exchange rate, general price level and agricultural exports and prices.** From
the tesults, Orden was able to isolate linkages between the exchange rate, interest rate, and
agricultural prices and exports as being particularily significant. However, as Orden points
out, depending on whether one considers interest rates and exchange rates as independent of
monectary policy or whether they can be controlled by government authorides will, in the
former casc, result in monetary policy being interpreted as having little significance on
agricultural prices and exports or, in the case of the latter, having a substantial impact.

Given the present state of macroeconomics, much more empirical work will have to be

completed before a ~oncensus on the conceptual framework will be found. Literature from the

“Gordon C. Rausser, "Macroeconomics and United States Agricultural Policy” in
U.S. Agricultural Policy: The 1985 Farm Legislation, Bruce L. Gardner, editor.
Washington D.C.: American Enterprise Institute for Public Policy Research, 1985, p.
Nl

“). Taylor, The Impacts of Monetary Macroeconomic Policy on Canadian Agricultural
Prices, Unpublished M. Sc. thesis, University of Saskatchewan, 1987.

“David Orden, "Money and Agriculture: The Dynamics of Money -Financial
Market-Agricultural Trade Linkages,” Agricultural Economics Research. vol. 38, 1986,
pp. 14-28, and "Agriculture, Trade, and Macroeconomics: The U.S. Case,” Journal
of Policy Modeling, vol. 8, 1986, pp. 27-51.
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United States suggests that the domestic money supply. exchange rates, interest rates, and the
general price level will have significant impacts on agricultural prices and cxports. From a
Canadian standpoint, changes in United States macroeconomic policy may be as significant as
domestic policy. The importance of world markets to Canadian agriculture requires that
empirical evidence of causal linkages between macroeconomic variables and agricultural prices

and exports be estimated for use in monetary and fiscal policy decision-making.

Effects of International Policy

To a large extent, research into the effects of the exchange rate as discussed in the
previous section could be considered a result of events in international commodity and
financial markets. Focusing on the impact of exchange rate movements has meant a shift
from closed economy models to consideration of agriculture in the context of an open
economy. However, although exchange rates are recognized as important influences on
agricultural prices and exports, little research has been completed on linking the underlying
macroeconomic policies of foreign governments to changes in agricultural trade.

In the standard open economy model with a flexible exchange rate, cxogenous foreign
macroeconomic policies can affect the Canadian agricultural prices and exports through
foreign policy effects on foreign price levels and therefore foreign imports and exchange rates;
and through effects of changes in foreign interest rates. Any foreign macroeconomic change
that increases demand of Canadian agricultural products will cause the exchange rate to
appreciate due to increasing demand for Canadian currency. The rising doliar dampens the
volume of agricultural exports and may cause a decline in the domestic price for agricultural
goods. On the other hand, a positive shock to the foreign interest rate will cr-ase the value
of the Canadian dollar as a result of capital outflows (capital account po- ‘quation

2.9). The foreign interest rate multiplier of the simplified model is:

a
dy LrKr

— =
dr Lr(l-Cy) + ]rl‘y - Krl‘y
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An increase in the foreign interest rate will stimulate the domestic agricultural sector as the
cconomy evperiencss a capital outflow and the domestic dollar falls in value. The depreciating
exchange rate adds to the competitiveness of agricultural exports. This combination puts a
positive pressurc on the price level, causing a decrease in the real money balance and an
increase in the domestic interest rate. The effects of a rise in the foreign interest rate are
therefore buffered by the exchange rate.

The dominant role of the U.S. dollar in international capital markets prevents other
countries from achicving independence from U.S. monetary policy. For example, suppose that
the Canadian monetary authorities target the Canadian monetary growth rate to achieve
particular policy objectives on the basis of expected foreign demand for Canadian currency. If
the U.S. increases the U.S. money supply, and the change causes a decrease in the value of
the U.S. dollar, demand will increase for other currencies (including Canadian). As a result,
Canadian money supply will be more restrictive than the Canadian monetary authorities
initially estimated.’* A study by Bordo and Choudhri supported this conclusion by finding
evidence of the influence of the U.S. monetary growth on Canadian monetary growth and,
further, a link between the monctary-induced portion of the U.S. inflation and Canadian
inflation.** While monetary authorities have control over their own money supply, the
dominant role of the U.S. dollar in international markets prevents individual governments
from following a path of monetary independence. Kuszczak and Murray used VAR analysis to
evaluate the transmission of macroeconomic influences among the industrialized countries of
Canada, France, Germany, ltaly, Japan, United Kingdom, and the United States, with
particular attention to interactions between the Canadian and United States economies.’” The
results supported the conclusion that foreign variables had a statistically significant impact on

the Canadian economy as well as lending support to the authors' hypothesis that Canada's

‘*Rausser, op. cit., p. 223.

*Micheal Bordo and Ehsan Choudhri, "The Link Between Money and Prices in an
Open Economy: The Canadian Evidence from 1971 to 1980," Federal Reserve Board
of Saint Louis Review, vol. 64, 1982, pp. 13-23.

John Kuszczak and John D. Murray, A VAR Analysis of Economic Interdependence:
Canada, the United States, and The Rest of the World. Bank of Canada Technical
Report No. 46, March, 1987.
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relationship with the United States is one of dependence.

Other studies provide evidence that foreign macroeconomic variables, other than the
U.S. variables, are important in assessing the impacts of the international macroeconomy on
agricultural exports. Penson and Babula modelled the effects of Japanese monetary policy on
U.S. agricultural exports.’* The conclusions indicate that domestic macroeconomic variables
affecting the demand for foreign imports are of significance. Expansionary monetary policy in
a foreign country can increase the demand for another country's exports through higher

incomes and domestic inflationary pressures.

C. Conclusion

If any consensus can be reached from the existing literature and empirical work on the
strength and effects of macroeconomic linkages on a country's agricultural sector, it is that a
large amount of research is required in the area. Realization that macroeconomic variables
directly and indirectly affect agricultural prices and exports has not produced a firm
understanding as to how significant the macroeconomic linkages are to the agricultural
industry. Such an understanding is necessary in order to appreciate the effects that
government monetary and fiscal policies may have on the agricultural sector, both in the short
and long term. Government policies aimed at achieving goals considered totally unrelated to
the agricultural industry may prove to have undesirable impacts on agricultural prices and
exports. Attention must be paid not only to domestic macroeconomic influences on
agricultural prices and exports but also to the role played by international financial and
commodity markets.

For the purposes of this study, identifying the effects of the macroeconomy on
agricultural prices and exports, the above mode! and existing literature provides a valuable
means of narrowing the scope for analysis. Exchange rates appear to bc a major factor in

explaining changes in both agricultural exports and prices. Domestic moncy supply and

“John B. Penson and Ronald A. Babula, "Japanese Monctary Policies and
Agricultural Exports,” The Journal of Agricultural Economics Research, vol. 40, no.
1, Winter, 1988, pp. 11-18.
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domestic and foreign interest rates as important influences on the exchange rate will need to
be included. The direct effect of these variables on agriculture will also be of interest. The
dominating presence of U.S. monetary policy in international capital markets suggests that the
U. S. money supply and interest rate may be the most important foreign macroeconomic
variables 1o consider. Although fiscal policy can be important to agriculture, especially in the
form of azricultural subsidies, it will not be included due to its apparently less direct
importance when compared to other variables.

The following chapter will present the advantages and limitations of the vector

autoregression technique as well as the data series chosen for modelling purposes.



111. Empirical Framework

A. Introduction

The objective of this study is to develop an econometric model to analyze the effects
of changes in domestic and international macroeconomic variables on Canadian agricultural
prices and export quantities. Given the dissimilar, and often conflicting. conclusions of
different models, it is desirable to avoid as many restrictions as possible. Vector
autoregression techniques (VAR) are a natural first step in identifying relationships between
macroeconomic variables as a means of clarifying issues without reliance on overly restrictive
economic theory. VAR models identify the interactions among variables by lagging each
variable on itself and all other variables in the model. The VAR technique therefore can avoid
the exogeneity and functional form restrictions imposed by more structural models.**
Theoretical considerations must be given, nevertheless, to other strong assumptions required
by VAR models such as ordering of variables and lag lengths.

Vector autoregressions estimate the dynamics of an economic system through two
techniques. Impuise response functions, also known as moving-average measures, can
demonstrate the effects of an unit shock of one variable on that variable's time path and the
time paths of all other variables in the model. Decomposition of forecast error variance can
help to understand causal relationships and also make inferences as to the relative strength of
relationships at various lag lengths.*° Techniques of VAR estimation and restrictions of which

one should be aware are discussed in the [ollowing section.

»“Girard W. Bradshaw and David Orden, "Time Series Models for Exchange Rate
and Agricultural Price Forecasts,” proceedings of a seminar sponsored by Southern
Regional Project S-180, "An Economic Economic Analysis of Risk Management
Strategy for Agricultural Production Firms,” Savannah, Georgia, March 20-23, 1988.
“D. Bessler, "An Analysis of Dynamic Economic Relationships: An Application to
the U.S. Hog Market," Canadian Journal of Agricultural Economics, vol. 32, 1984,
p. 11l.
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8. Technigques of VAR Estimation

Introduction

A VAR model is created by estimating a set of regression equations in which the
current value of each variable is a function of the lagged values of all variables.

In vector notation, the time series model underlying the vector autoregressive model

can be represented as:

Iy Bk)y==L v (1)
k=0 © k k=0 @ k
where Yl is a 1 x n vector of endogenous variables; B(k) is a n x n matrix of estimated

coefficients on the lagged values of the endogenous variables; ik isa 1 x n vector of error

terms assumed independent (no serial correlation between v and \A when t is not equal to s)

t
and normally distributed with a mean of zero. It is assumed that ik equals zero for all k
greater than zero. A more complex VAR model can be created with the addition of a constant
and dummy variables to capture unknown deterministic trends.

Every variable is included in all the equations of other variables and, unlike structural
models, no variable is considered prior to modeling to be exogenous.*' The basic estimating
equation (as shown below), is of the form:

o=
Y, = Z D(k) Yt-k +u

t
k=1
where D(k) is - ,B(k)B(O)'1 and u, is vtB(O)'l. Therefore, because the right hand side

(1)

regressors are the same for all equations, ordinary least squares (OLS) will produce efficient

cstimates.

Stationarity of Time Series
A crucial assumption in the estimation of VAR equations is that the data represents a

covariance stationary process.*? Without stationarity in the time series, it is unjustified to

“‘This section is adapted from a number of sources, primarily D. Bessler, op. cit.
and David Orden, "Money and Agriculture: The Dynamics of Money-Financial
Muarket -Agricultural Trade Linkages,” Agricultural Economics Research, vol. 38, 1986.
Issues raised by other studies will be referenced accordingly.

"' Judge et. al., Imtroduction to the Theory and Practice of Econometrics, New



assume the stable probability laws necessary for VAR niodelling. The essence of vector
autoregressions is the information gained fromm the analysis of the error terms. Stationary data
satisfies the conditions required to decompose the time series into (wo parts, a stochastic
(random) portion and a portion completely predictable from past values of the series.*
Nonstationarity in a VAR model time series can cause the forecast erints 1o be biased.
Further, because the covariance between time series is not independent of time in
nonstationary data, the decomposition of errors may be misleading.** It is generally unrealistic
to assume the stationarity of data time series. As a result, it may be necessary (o transform
the data in orde: to remove trend and seasonal components that would violate the covariance
stationarity assumption.

There are a number of ways to test for stationarity in economic time series data.
Direct observation of the autocorrelation coefficient plots car produce quick conclusions as to
the existence of nonstationarity. If the data series is stationary, one would expect the
autocorrelation plots to either taper off quickly after one lag, thus representing a MA
function, or to tail off in an exponential, sinusoidal, or geometric fashion with a larger
number of nonzero values as demonstrated by AR and ARMA lunctirns. A slow decrease in
the values of the autocorrelations indicate the current period's dependence on past periods and
therefore, the nonstationarity inherent in the data series. Differencing a non - stationary data
series one or several times should produce stationarity whereby the autocorrelation plots

demonstrate one of the patterns described previously .**

*2(cont’d) York: John Wiley and Sons, 1982, p. 226. A covariance stationary proccss
is a process in which the time series, x , has a constant mean, finite variances and
covariances, and covariance independent 3f time.

“VAR modeling was developed from Wold's Decomposition Theorem (proved by
Herman Wold in 1938) which shows that a stationary time series can be
decomposed into two perts, one random, and one completely predictable. For a
detailed description see Nerlove, Grether, and Carvalho, Analysis of Economic Time
Series: A Synthesis, New York: Academic Press, 1977, pp. 29-36.

“]. Robertson and D. Order, "Cointegration and Long-Run Monectary Neutrality: A
Vector Error-Correction Model of Money and Price Dynamics in New Zealand,”
paper presented at the AAEA Meetings, Knoxville, Tennessee, Aug. 1-3. 1988, p.
3-4,

“Douglas Montgomery and Lynwood Johnson, Forecasting and Time Series Analysts,
New York: McGraw-Hill Book Company, 1976, pp.208-209.



A more sophisticated approach to test for stationarity in a data series is to use a
Dicky-Fuller test statistic.** However, cstimation of coefficients for testing wili produce
cocfficients with the minimum residual variance. The resulting distribution of the
Dickey- Fuller test can conclude that the data is stationary when in fact the data series is
nonstationary. The concept of cointegration has been advanced as a reason for such data
transformation problems.*” A time series that may individually be nonstationary, could prove
to share a common random trend with one or more time series which are therc re
coinicgrated.

In cconomic time series, it should not be surprising to find evidence of cointegration
between variables. For example, if the hypothesis of long-run neutrality of money is valid,
then it is only natural that economic variables linked to money in the long run equilibrium
will exhibit a tendency to maintain a consistent, proportional relationship over time. Engle
and Yoo demonstrated in a simulation study comparing unrestricted VAR models with a VAR
model imposing a cointegration restriction, that, if cointegration is present, a VAR model in
differences is potentially misspecified and a VAR model in levels, although not misspecified,
will possibly underestimate the parameters.** Concerns about cointegration, while valid, were
not considered crucial for the data analysis in this study. Neverthcless, testing the data for

cointegration is an area for further research.

Determination of Lag Length

After having selected a set of variables, and, if necessary, transforming the variables,
the sccond step in VAR modeling is to determine the lag lengths of the equations. Proper
sclection of the lag length is essential for an appropriate finite approximation of an infinite

VAR scrics. Several methods are used to establish lag lengths. The simplest approach is to

Sons, 1976. Sec Table 8.5.2, p. 373.

“See R. F. Engle and C. W. J. Granger, "Co-integration and Error Correction:
Ropresentation, Fstimation and Testing,” Econometrica, vol. 55, no. 2, 1987, pp.
Y070,

¥ k. Engle and B. S. Yoo, "Forecasting and Testing in Co-integrated Systems,”
‘il of Econometrics, vol. 35, 1987, pp. 143-159.
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define the lag lengths on the basis of economic intuition. A second method is Sim's approach
of comparing models of different lag lengths using the asymptotic Chi-squared statistic:
(T-c)[log detZ,-log detZ,]
where Z, and Z, are the covariance matrices of the respective models, T is the number of
observations, and c is a multiplier correction (number of parameters in each unrestricted VAR
equation). Such an approach finds the most suitable aggregate lag length but can result in
incorrect lag lengths for some series. The advantage of the technique lies in the limits placed
on the amount of estimation required. A third, more complex, approach is Akaike's
suggestion to choose the model that maximizes the log(Lq - Kq), where Lq is the likelihood

function maximized with respect to the parameters estimated; K _ represents parameters to

q
estimate. A variation of the Akaike approach is the Schwarz test that suggests maximizing log
Lq -K q log n/2, where n is the number of observations. The Schwarz criterion tends to

favour shorter lag lengths.*’

Impulse Response Functions and Forecast Error Decompositions

The autoregressive parameters estimated by OLS in equation (1) represent the
expected evolution of the economy by explaining how each variable cvolves through time.
Shocks that cause deviations from the expected evolution are measured by the error terms of
ihe autoregressive equation. However, shocks that have a direct impact on onc variable may
have an indirect impact on other variables through interactions between variables.
Interpretation of the autoregressive parameters becomes very complex given the difficulty in
separating the direct and indirect effects of a specific shock on the past evolution of the
economy. Evaluations ~ractions between variables is thercfore accomplished through the
use of impulse response [ unctions (moving averages) which examine the cffects of the error
terms on further evolutions of the variables in the model.

Separation of the effects of unexpected shocks from the expected evolution of the

economy requires transformation of the estimated autoregressive equations in order to

“%Gee T. A. Sanni, "Vector Autoregression on Nigerian Money and Agricultural
Aggregates,” Canadian Journal of Agricultural Economics, vol. 34, 1986, p.73.
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produce the moving-average representations of the VAR model. Moving-averages, or impulse
responsc functions, are calculated through a sequence of substitutions in which lagged values
of the right hand side variables are replaced by their own variable's autoregressive equation.

in order to convert the autoregressive process to a moving average, consider again equation

(1):

LY  Bk)=EI v (1)
k=0 t-k k=0 t-k
The covariance matrix of v(t), 9, is assumed to be diagonal(no serial correlation),

therefore restricting the error terms (shocks) to a single equation. The assumption of no serial
correlation restricts the ordering of variables in the model. Orthogonalization of the error
terms is discussed in the following section. Given that the shocks are assumed to influence
their respective equations at a single moment in time, equation (1) can be rewritten as:
YBO) = T Yy B0+, (2)
Multiplying (2) by the inverse of B(0) produces:
=
Y= Y BB + v 3)
Substituting D(K) for - A(k)B(0) ! and u_ for v 8(0) ! yields the standard vector
autoregressive represcntation of equation (1):
®
Y[ =k:l D(k) Yt-k +u (3a)
Ordinary L.cast Squares estimation will provide efficient estimates because each equation has
identical right hand regressors.

The crror term u,. becomes the prediction error in Y for one period in the future. The

covariance of u, is:

y

L = E[B0) vy, TB(0)
where vlvlT is the variance of Ve Q. Therefore,
z = E[p) e g0,
Inverting equation {sa) will vield the moving average representation of the

autoregressive equations:

Y[ =
@ @ 1 k
where Z A(k) = D(k) .
k=1 k=1

e 8

. A(k)u, (4)
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If A(0) can be normalized as the identity matrix (I) then the non-orthogonalized
moving average coefficients of equation (4) will describe the resulting effect of a unit shock
to one variable on the time paths of each variable (as all other shocks are set to zero). The
innovation process, u,. of the impulse response functions therefore indicates both current and
future impacts of a single shock on all variables, assuming that no future shocks occur and all
variables evolve naturally following reaction to the shock.*

The decomposition of forecast error variance, also derived from computation of the
moving-average coefficients, gives the relative strengths of interactions between variables.
Given that the shocks are random and all additional shocks have been restricted so as to have
no impact on the model, the variance of the forecast errors can be estimated from the
staidard error terms of the autoregressive equations. Portions of the variances in shocks of
each variable are attributed to innovations (shocks) in each variable. If, for example, most of

the variance in a variable's error term is due to innovations in another variablc, it can be

The computation of impulse response functions can be more e¢3sily understood

through the use of a two variable example, x, and Z,. where x, and z, are equal

{ L {
to two lags of past values of both variables. The VAR system is represented as:
x, = @y + f (xl-l' Zl-l) + g(xt_z, zt_,)) + e (a)
= o + L) *oE, )t (b)
and [xt z[]' = Yt as piven in equation (i, :tom the above text.

Instead of identification of simultaneous equations in the structural sense,
VAR places zero restrictions on the covariance matrix. The moving avecrage process
is calculated from the autoregressive equations through an iterative procedure:

X, = dllxt-l + dlZZt-l + e ()
2, = dyxp + dypzy t g (d)

Rewrite (c) into (cl) by shifting the series by one (same procedure for (d)):
X1 = dllxt-2 + dlZZl-l + € (cl)

Substitute (cl) into (c):

g = dy(dyx ot dppz e )+ dpp(dyx o+ dyz H+ep) +oe (D)

The iterative procedure is continued until the regressions have been turned
intc a moving-average process:
X, = ¢ + 2116 +oob A L+ 28 ot AR (c3)
As an example of interpretation, a shock to 2,1 will be the error term g

and the effect of the shock on X, is equal to a5



concluded that innovations in the latter variable have a dominant effect on the fo; er.

Orthogonalization of Error Terms

Estimating both the impulse response functions and the decomposition of forecast
crror variance can become complicated if errors associated with specific variables are
contemporancously correlated, resulting in misleading conclusions as to effects of unit shocks
10 onc variable. Separating the desired error terms, \A from the [3(0)'l term in the covariance
of the prediction error term, u,. requires the individual estimation of B(O)'l. The error term,
v,» can be found given that u = B(O)'lvt, therefore equation (4) yields:

Y, = Zv,80) T AGK).

Orthogonal ordering, which chooses a particular order of variable, can be used to address this
problem. The standard approach is to use Choleski decomposition to remove any portion of a
shock to each variable that is explained by contemporaneous shocks to variables previously
estimated, thus imposing a recursive causality on variables in the model. Although B(O)'1 is
unknown, the variance/covariance matrix, Z, can be estimated. Choleski's decomposition
transforms I in order to set Z = B(O)'T B(O)'1 such that the estimated B(O)'T forms an
unique lower triangular matrix. Each ordering of the variables results in a different
factorization, thereby allowing the sensitivity of the results to be compared by switching the
order of the variables in the model and recomputing the variance decomposition and impulse
response functions.*' The initial criteria for the ordering of the variables usually rests with a
structural economic interpretation, where the variable explaining the most variation in other
variables should be placed first.

The use of VAR models to define dynamic linkages between macroeconomic variables
is still controversial. Critics maintain that the shocks defined by the process of estimation and

orthogonal transformation of the error terms cannot have a well-defined economic

“See 1. Bessler, "Relative Prices and Money: A Vector Autoregression on Brazilian
Data.” American Journal of Agricultural Economics, vol. 66, 1984, for a more
technical explanation of an orthogonalizing transformation using the standard method
ot Choleski decomposition to produce a Wold causal chain.
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interpretation. In a mathematical example, Angeloni demonstrates that the standard approach
of ordering variables to ensure that the residuals are orthogonal and therefore not serially
correlated, requires the assumption that the underlying model is strictly recursive. Il economic
theory does not support the assumption of recursive ordering of variables within the modcl,
the economic analysis of the model results are suspect. Even if the robustness of the model is
tested by changing the ordering of the variables in the model, it is not possible to claim the
impulse response functions are valid.*’

Orthogonalization of a VAR model does not necessarily have to be performed using
the Choleski decomposition approach. Newer studies have demonstrated a method of
orthogonalization through model estimation.*’ Bernanke obtained the serially uncorrelated
residuals from estimation of the standard VAR model, and then avoided conventional
orthogonalization procedures by equating theoretical population moments with sample
moments of the residuals (method of moments). Having defined all parameters of an
identified system, the numerical estimates are defined through two stages. Non-zcro
parameters are found for the residuals (serially uncorrelated structural disturbances) and the
model's variables by setting all elements of the symmetric matrix on the right hand side below
the diagonal equal to zero. Given the parameter estimates, the non-zero values of the
variance/covariance matrix can be taken from the right hand side of the method of moments
equation. Although the assumption of a diagonal vai;ance/covariance matrix is still nccessary,

the a priori assumption of a strictly recursive model is avoided.

Calculation of the Moments of the Impulse Response Functions
The estimation of impulse response functions from a single population is not
particularily useful without an indication of significance levels. As a result, it is necessary 10

draw parameter values from the distribution space defined by the parameter space of the

s?Ignazio Angeloni, "The Dynamic Behavior of Business Loans and the Prime Ratc:
A Comment," Journal of Banking and Finance, vol. 9, 1985, pp. 577-580.

$'Ben S. Bernanke, Alternative Explanations of the Money-Income Correlation, ‘Vorking
Paper #1842, National Bureau of Economic Rescarch, Cambridge MA., February,
1986.
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impulse response functions in order to determine confidence intervals. While several methods
exist, the Monte Carlo technique based on the Bayesian inference theory appears to be one of
the most computationally efficient in problems with large dimension requirements. Using the
procedure outlined by Kloek and van Dijk, the Monte Carlo technique can derive the standard
deviations and means of the posterior moments of the VAR impulse response functions.**Any
impulse which is two standard deviations away from zero is considered to be significantly

different from zero.

Use of Bayesian Prior in Estimation

While VAR modeling has an intuitive appeal in that little emphasis must be placed on
a priori economic restrictions, the forecasting results from VAR modeling have not been
completely satisfactory. Part of the problem in VAR modeling is the large number of
parameters in unrestricted VAR estimation. Possible overparameterization in VAR models
may cause the resulting variances to be 100 large to produce accurate forecasts. Purely random
fluctuations (outliers in the data) may obscure the systematic variation that the modeller
wishes 10 capture.** Work by Tiao and Box in unrestricted VAR models attempted to improve
variances by excluding variables with insignificant coefficients from each equation.*
Unfortunately, deleting coefficients that on their own may be insignificant ignores the
possible statistical importance of the coefficients as a group. Bayesian prior estimation as an
alternative technique, is a technical procedure which applies prior distribution weights to the
VAR parameters, thus decreasing the variances without actually having to delete coefficients.

The actual designation of prior distributions to estimated parameters can be quite
difficult. Individual specification of each prior distribution may prove too time consuming in

large modecls, as well as require an incredible amount of knowledge of the data series involved.

“T. Klock and H. K. van Dijk, "Bayesian Estimates of Equation System
Parameters: An Application of Integration by Monte Carlo,” Econometrica, vol. 46,
no. 1, January, 1978, pp. 1-19.

sspersonal communication with C. Sims, November, 1988.

#G. C. Tiao and G. E. P. Box, "Modeling Multiple Time Series with
Applications,” Journal of American Statistical Association, vol. 76, 1981, pp. 802-816.
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Bessler and Kling have applied system wide Bayesian priors of both a symmetric and general
form on U.S. hog price data. ** Using the procedure outlined by Bessler and Kling, each
dependent variable is allowed to follow a random walk process by sctting the prior mean of
the first lag of the dependent variable to one; prior means on all other lags and variables arc
set equal to zero. Estimation of the distributions of the prior means requires the specification
of weighted standard deviations which are adjusted for rates of decay. In this manner,
distributions of the Bayesian priors determine the rate at which past lags approach their mcan
values. *'

Other applications of Bayesian priors are difficult to find in the literature. Given the
potential value of the priors in allowing the relaxation of restrictions as to parameter values,

more opportunities for the application of this technique are to be expected.

Summary

Although VAR models are supported for their ability to analyze data without placing
a priori Testrictions on the data, the technique of VAR estimation is not without restrictions
that must be understood. The ordering of variables within a model, for example, places a
severe recursive restriction. on the model preventing error terms of variables lower in the
ordering from influencing higher placed variables. Care must therefore be excrcised in the
selection of model ordering. Despite problems that have yet to be resolved. VAR estimation
procedure is a useful technique in many situations. Given the controversy as to the truc
relationship between macroeconomic variables and Canadian agricultural prices and exports, it
would appear that VAR modeling is a useful first step in defining rclationships between

variables.

SD. Bessler and J. Kling, "Forecasting Vector Autoregressions with Bayesian Priors,”
American Journal of Agricultural Economics, vol. 68, 1986, pp. 144-151.

s'Steve Ford, A Beginner's Guide to Vector Autoregression, University of Minnesota:
Department of Agricultural and Applied Economics, Staff Paper P86-28, Sept. 19%6.
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C. Data

An analysis of the effects of changes in domestic and international macroeconomic
variables on Canadian agricultural prices and exports requires a specific data base. In order to
capture short term as well as long term fluctuations, the data set is comprised of monthly
data from 1971 to 1987. Variables in the model and their acronyms are:

1. Canadian currency and demand deposits excluding the Canadian dollar float (cheques and
other items in transit) in billions of dollars (CDNM1). Source: Cansim -Statistics
Canada.

2. United States Money Stock (M1), seasonally adjusted, in billions of U. S. dollars
(USM1). Source: Cansim-Statistics Canada.

3. Canadian Consumer Price Index (1981=100) as a measure of the general price level
(CPI1). Source: Cansim-Statistics Canada.

4. Interest rate on Canadian 91-Day Treasury Bills (TBI). Source: Cansim-Statistics
Canada.

S. Interest rate on United States 91-Day Treasury Bills (TBUS). Source: Cansim-Statistics
Canada.

6. Farm Product Price Index (formerly the Index of Farm Product Prices; 1981 =100)
(FPI). Source: Statistics Canada, Cat. No. 62-003. The index is based on prices for fifty
farm products making up ninety percent of total farm cash income.

7. Value of Canadian agricultural expor'« (AGEX). Finding monthly data on Canadian
agricultural exports proved difficult given that Statistics Car.ada only publishes combined
groupings of manufactured agricultural products and primary agricultural products on a
monthly basis. Using several Cansim series, a proxy for total value of Canadian
agricultural exports was calculated by totaling the monthly exports of wheat, barley,
oilsceds, other cereal grains, and live animals. Annual records from Canada's Trade in
Agricultural Products (1968-1986) indicates that this particular combination accounts for
between 54 to 74 percent of total Canadian agricultural exports, including processed

agricultural products, in any given year.
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8. The United States spot exchange rate in Canadian dollars (US/CDN). Source:
Cansim-Statistics Canada.

9. The Canadian dollar index against G-10 currencies (1971=100) (G10). Source:
Cansim - Statistics Canada.

The data are not deflated in this study. Concern has been raised as to whether
deflating data for econometric modeling actually eliminates inflation effects as the procedure
is meant to accomplish, or whether deflating data may be biasing estimated coefficients.*
Orden recognized the possible distortions in results due to moving the analysis from directly
observable nominal data to a deflated data series. As a result, Orden estimated two models of
money, financial markets and agriculture: one using deflated data and one using nominal
values. The major conclusions drawn from the studies were supported by the results of both
models. Furthermore, as Orden points out, the real effects of specific shocks from a model
using nominal values can be calculated "by subtracting the simultaneous effects of various

shocks on the price level from their effects on other nominal variables."*°

D. Conclusion

The purpose of this study is to examine the influences of domestic and international
macroeconomic variables on Canadian agricultural prices and export quantities. The Vector
Autoregressive technique was chosen to model the effects of macroeconomic variables because
of the technique's advantage over structural models in avoiding restrictive assumptions. As a
time series representation, the VAR technique can identify relationships between variables as a
means of clarifying issues without reliance on overly restrictive economic theory. The data
series for the VAR model was selected on the basis of economic reasoning and considcration
of past research. The following section outlines the model estimation, results, and

implications.

Robert Thompson, "On the Power of Macroeconomic Linkages to Explain Events
in U. S. Agriculture: Discussion,” American Journal of Agricultural Economics, vol.
63, 1951.

“David Orden, op. cit., and "Agriculture, Trade, and Macroeconomics: The U.S.
Case," Journal of Policy Modeling, vol. 8, 1986.



[V. Model Estimation, Results, and Implications

A. Introduction

This chapter describes the data transformation and the estimation of several VAR
models. Two unrestricted VAR models are estimated in order to test the significance of the
influence of the different exchange rates. The unrestricted VAR models are also used as
controls for the estimation of a restricted VAR model using Bayesian priors.

The results of the model estimation are also presented in this chapter. However, only
the impulsc response functions and forecast error decompositions for the agricultural variables
are recorded; the results for the macroeconomic variables are found in the appendix.

Implications and a summary conclude the chapter.

B. Data Transformation

Transformation of the data were required in order to ensure that the data represented
a covariance stationary stochastic process. The data was examined for nonstationary through
direct observation of the autocorrelation coefficients.®' The autocorrelations are assumed to be
normally distributed with a mean of zero and a variance of 1/N, where N is the number of
observations. A ninety -five per cent confidence interval (+2/v'N) was estimated. Any
autocorrelation plot a distance of 2/v'N away from zero is accepted as significantly different
from zero.*’ The data series is accepted as stationary if the autocorrelation piots do not
exhibit a significant slowly declining pattern. A data series is also considered stationary if the
only significant plots exhibit a cyclical or seasonal pattern.

The autocorrelation coefficients were first plotted for the level values of each variable.

Every series exhibited nonstationarity in levels data. The farm price autocorrelation plots

““The Dickey-Fuller test statistic (W. Fuller, op. cit., p. 373) was also used to test
for nonstationaty data. Some of the results of the D-F tests conflicted with the
conclusions drawn from direct observation and were contrary to what was expected
from the data. Concerns about problems in the D-F tests due to drifting in
cconomic data series lead to the decision to accept the conclusions of direct
observation,

“George Judge, et. al., op. cit., pp. 671-680.

40
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given as an example in Figure IV.1 and IV.2 show how the nonstationarity indicated by the
slow decline in the autocorrelation values was eliminated by taking the first differences of the
data. Taking the natural logarithms of the data in both levels and differences did not result in
stationarity. Using direct observation, the interest rates, exchange rates, the Canadian money
supply, and the farm price index could be considered stationary after the data series were first
differenced. The United States money supply, the agricultural exports and consumer price
index required second differencing. Seasonal dummies, a constant, and trend variable werc

added to account for any remaining trend in the data.

C. Model 1 Estimation: U.S./Canadian Exchange Rate Model

An eight variable model was chosen initially, consisting of the U.S./Canadian
exchange rate, the U.S. and Canadian Treasury Bill rates, the United States and Canadian
money supplies, the Canadian agricultural exports and both the consumer and farm price
indices.

The appropriate lag lengths for the VAR models were chosen on the basis of Sim's
likelihood ratio test. Table IV.1 presents the test resuits. A lag length of half a ycar was
chosen as the initial starting point based on previous studies and a prior belief that six months
should be an adequate explanatory time period. A system wide lag length of six months was
tested against a lag length of five months. The aull hypothesis, five lag lengths is equivalent
to six lag lengths, was rejected at a ninety-five per cent level of significance. A six lag modcl
was tested against a model of seven lags. The nu'! hypothesis was again rcjected. A scven lag
system was then tested against a model of eight lags. At a ninety-five per cent confidence
level, seven lags were selected as the proper lag length for the eight variable model. The
summary statistics for the final eight variable model are reported in Table 1V.2. The
significance level in the last column of Table IV.2 represents the significance of the
Ljung-Box Q test for serial correlation. Through the use of the Q test, the agricultural export

equation is considered to have problems of autocorrelation.
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NNNEANX

IFarm Price Autocorrelation Plots in Levels Data.

Figure 1V.1:

Figure 1V.2: Farm Price Autocorrelation Plots After First Differencing.
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Table 1V.1: Model 1 Tests for Lag Length

Lags Chi-Square Significance Level Decision®
6 vs S (64) = 125.42 .0000 reject S
7 vs 6 (64) = 87.936 0253 reject 6
8 vs 7 (64) = 71.464 .2438 accept 7

¢ = 95 per cent confidence level
( ) represent degrees of freedom restriction

Table IV.2: Model 1 Summary Statistics

Equation R’ R2A D-W  SSR SSE Q(39  Sig Level
USMI 662 415 2055 391 2430 24159 970
CDNM1  .587 1926 76432 2483 21549 915
US/CDN 425 ; 203 01400 0106 34913 657
TBUS  .534 > 2024 54.887 6653 28914 .88
TBI 663 : 1979 27.645 4722 33133 .74
CPI 702 2004 90710 2705 33372 14
AGEX  .786 o 2.078 S3E+12 818470 60519 015
FPI 476 188 2006 62512  2.245 40574 401

Each equation in the model was tested for the significance of the coefficients on the
lagged variables. Table IV.3 reports the significance levels of the following null hypothesis; the
coefficients of the lagged variables are not significantly different from zero. According to the
model results, at a ninety-five per cent significance level, there is only minor evidence that the
macroecciomic variables affect agricultural prices and exports, but appreciable evidence that
macroeconomic variables influence other macroeconomic variables. No variables exhibited
lagged values significantly different from zero in the farm price equation. Lagged values of
exports are considered significant in the agricultural export equation. Interactions of
macroeconomic variables with other macroeconomic variables appear to be more complicated.

Lagged values of the U.S. money supply, the Canadian money supply, and the U.S. interest
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rate are significant in the U.S. money supply equation. The FPI is also significant in the u.Ss.
money supply cquation; an unexpected result which may be due to spurious behavior on the
part of the FPI data series. The Canadian money supply is also influenced by the lagged
values of the U.S. money supply and the American interest rate as expected of a small open
cconomy . Only lagged values of the U.S. interest rate are significant in the exchange rate
cquation and the U.S. interest rate equation. The Canadian interest rate, on the other hand,
tests significant for lagged values of both money supplies, the American interest rate, and the
FPI and agricultural exports. The CPl is considered exogenous, as only lagged values of the
CPI arc significant in the CPI equation.

To avoid problems resulting from contemporaneous correlations betw- .n error terms,
the variables arc ordered on the basis of the causality imphcations ™ . -statistics and
cconomic reasoning, whereby the most exogenous variables are places firs. Other models have
been ordered to allow specific variables to have as much influence on other variables as
possible. Orden. for example, placed the money supply first to give this variable the
maximum chance to affect the agricultural variables.*’ The initial eight vanablc model is
arranged as follows: the United States money supply, the Canadian money supply, U.S.
interest rate, U.S./Canadian exchange rate, Canadian interest rate, CPl, Canadian agricultural
exports and farm price index. The placing of exports before farm prices may be questioned.
Clearly, the price of commodities will in part determine the level of export demand; on the
other hand, trade in agricultural products is an influence on the domestic agricultural prices,
thus creating a bi-directional situaticn. Exports are ordered first based on the belief that in
short time frames prices will adjust quicker to qua+tity changes than export quantities will
adjust to price changes. Comparisons of forecast error decompositions with different
arrangements of the variables indicated little sensitvity to changes in the ordering.

The ordering of variables is not considered to be a severely restrictive assumption in
the model estimation. The data scries consists of time periods short enough to suggest that the

recursivity imposed on the model should not be a problem. There is, however, some evidence

* Orden, op. cit., 1986, p. 19



Table 1V.3: Model 1 Significance of Lags

Lagged Variables

DependentUSM1 CDNM1 US/CDN TBUS TB! CPI1 AGEX FPI
Variable
USM1 0.0° .0313° 8105 .0298¢ 9204 9623 AN 03025
(:1.61) (2.293) (.5299) (2.314) (.3661) (.2759) (.5 }) (2.308)
CDNM! 0099* .0825 3921 .0245* .0002° 0693 8378 4421
(2.790) (1.856) (1.062) (2.399) (4.342) (1.936) (.4939) (.9894)
US/CDN .0617 9167 3923 .0188* .5998 6397 .1444 .1426
(1.99) (.3727)  (1.062) (2.514) (.7866)  (.7385) (1.590) (1.596)
fBUS .0204* .0,09°* .9046 .1443 .8926 .9890 N8 .0764
(2.479, (2.298) (.3936) (1.59) (.4133) (.1802) (.6451) (1.89)
TBI .0054* .0115* .1538 .0001* .2059 .7070 .0456° .0363°
(3.045) (2.73) (1.559) (4.651) (1.41) (.6581) (2.125) (2.227)
CP1 .6566 .4392 7037 .0512 2570 0.0* 130 .6087
(.7183)  (.9936) (.6620) (2.074) (1.298) (18.21) (1.642) (.7758)
AGEX .1055 3181 1923 .5895 .0866 9461 0.0° .0732
(1.741)  (1.182) (1.448) (.7991) (1.833) (.3150) (25.142) (1.911)
FPI .3828 .5797 4748 1203 .1340 .994] 1119 .7156
(1.076) (.8111) (.9448) (1.678) (1.626) (.1464) (1.713) (.6478)

Table reports the F statistics in brackets.

= do not accept HO: lags are not significantly different from zero.

of contemporaneous correlations in the data. The upper triangle of Table 4.4 reports the

correlation betweea the residuals of the different variables. The correlation between the

United States and Canadian interest rates is high. The assumption of a recursive model means

that simultaneous effects of the interest ratec on the agricultural variables cannot be

identified. However, because changing the variable ordering dnes not chenge the forecast error

decompositions, the correlation is not considered 10 be a cause of concern



Variance Decomposition

Tables 1V.5 and 1V.6 report the decomposition of variances for agricultural exports
and farm prices over twenty-four months. The forecast error decompositions separate the
variances of the forecasts into the portions explained by each variable.

Agricultural exports appear to be almost exogenous in the model as approximately
ninety -one percent of the forecast variance in the first month is attributed to the exports. The
percentage declines slowly and is still large two years later. At the end of the twenty-four
month period, the Canadian and U.S. interest rates are the second and third largest
cxplanatory variables, contributing thirteen and eight percent respectively to the variation in
exports.

A similar situation exists for the FPI. Almost all of the variance in farm prices is
explained by itself in the first period. By the end of the two years, the U.S. interest rate
explains ten percent of the shock to FPI and the Canadian interest rate contributes ten percent
of the variation.

The large percentage of forecast variance explaining exports and farm prices suggest
little interaction between the agricultural sector and the macroeconomy. Other studies using
U.S. data, however, have typically found more of a relationship between financial variables
and the agricultural economy.** Orden found that fifty-six percent of the forecast error
variance for the U.S. exports was explained by U.S. agricultural exports one quarter ahead,
compared to seventy-five percent in the Canadian model. By the end of three years, close to
sixty percent of the forecast error variance in agricultural exports in Orden's model was
attributed to the U.S. interest rate and trade weighted exchange rate. The percentage of
vanance attribated to agricultural exports declined more clowly in the Canadian model.
Chambers also found more of a correlation between the interest rate and the commodity

skets. Cemparison of the U. S. and Canadian models, however, must acknowledge
Jditfering market siructures and shares of world trade in each country. Nevertheless, although

'hete was more of a relationship between exports and macroeconomics in the U.S. models, the

“tambers, op. cit. 1981; Orden, op. cit., 1986.
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forecast error decompositions for farm prices were similar in both Orden's U.S. VAR model
and the Canadian model.

The forecast errors presented in the forecast error decomposition tables are also of
interest. The siandard errors are expected to increase as the time period is lengthened.
Nevertheless, if the data series is stationary, the standard errors should approach an upper
bound.** The standard errors of both agricultural exports and farm prices appear to be
approaching an upper bound, thus suggesting that the assumption of stationary data is valid

in this model.

Impulse Respounse Func:ions

The means and variances of the impulse response functions were calculated for
twenty-four future periods of the impulse response functions using the aforementioned Monte
Carlo technique. One hundred draws from the autoregressive parameters of the VAR model
were made.

The impulse response functions presented in Figure IV.3 10 IV.6 indicz* « »me
interesting economic dynamics. Each graph demonstrates the effect of a one standard
deviation shock to one variable on another variable, and the ninety-five per cent confidence
interval around the shock path. The middle line of each griph is the path of means of the
impulse response functions. The lines on either side of the means give the boundaries of the
two standard deviation confidence intervil. If any impulse responsc function and its
confidence interval deviates above or 'elow zero, then the impulse responsc function is
considered significantly different from zero.

The effects of one month shocks to the money supply variables appear to havc
negligible impacts on agricultural variables. A shock to either the U.S. or Canadian moncy
supply has no significant effect on FPI or agricultural export values as the impulse response
functions and confidence intervals (in Figure 1V.3) do not deviate significantly from zcro.

The lack of response of FPI to shocks in the Canadian money supply is sim:lar to the results

¢sSims, op. cit., 1980, p. 25



Table 1V «: Model 1 Covariancc/Correlation Matrix

Variable USMI CDNM1 1BUS US/CDN TBI CPI AGEX FPI
USMI 3.792 2321 -.0567 -.0606 -.1957 .0908 1101 0268
CDNMI1  .0700 .0396 0296 .0348 .0473 0152 -.0935 -.0273
TBUS -.0589 .0031 .2844 .2091 .5697 0122 1284 .0967
US/CDN -.0010 .0001 .0009 .0001 .4403 -.0212 J121 1519
T3l -.1443 .0036 1150 .0014 .1432 -.0231 .2003 .0889
ot .0384 .0007 014 00004 -.0019 .0470 .0877 .1687

AGEX 14069  -1220.8 44908 62.64  4974.1 12473  437+9 0847
EPI 0938 -.0098 0928  .0023  .0605  .0658  9996.1  3.239

Table 1V.5: Model 1 Decomposition of Variance on AGEX

Step Sud USM1 CDNMI1 TBUS US/CDNTBI CP1 AGEX FPI

FError

| 65604.7 1.21 1.50 1.97 97 2.84 .62 90.88 .00

2 105312. .52 1.58 5.34 .53 7.82 1.42 80.97 1.82
3 109230. .70 1.51 5.73 .50 11.88 1.65 75.84 2.19
4 1100°8. .69 1.72 5.72 .68 12.02 1.66 74.74 2.76
S 11142, 74 1.72 6.23 .85 11.80 1.78 73.33 3.55
6 1134.7. .88 1.68 6.14 1.47 11.41 1.72 71.64 5.06
7 114889. 1.10 2.57 6.37 1.73 11.44 1.69 69.96 5.14
8 1182°5. 2.62 3.02 7.04 1.67 11.71 1.69 67.11 5.14
9 120271. 3.03 2.95 6.8 1.66 12.64 1.87 66.01 5.02
10 121488. 3.02 2.93 6.71 1.64 12.96 212 65.70 492
11 122096. 2.99 2.90 6.77 1.66 13.08 .12 65.57 491
12 122303. 3.18 2.92 6.75 1.66 13.04 2.16 65.36 493
13 122958. 3.59 2.90 6.68 1.71 13.23 2.20 64.74 494
14 123600. 3.70 2.88 6.91 1.74 13.09 2.23 64.23 5.22
18 124354, 3.68 2.88 7.37 1.73 13.14 2.20 63.57 543
16 124545. 3.68 2.94 7.43 1.72 13.18 2.22 63.38 5.45
17 124622. 3.73 2.94 7.42 1.73 13.20 2.22 63.31 5.45
18 124690. 3.73 2.94 7.41 1.73 13.19 2.31 63.24 5.45
19 124756. 3.74 2.96 7.41 1.73 13.18 2.34 63.19 5.45
20 124832. 3.74 3.05 7.41 1.73 13.17 2.34 63.12 5.4
21 124965. 3.78 3.08 7.45 1.77 13.15 2.34 62.9 5.44
» 125087. 3.82 3.07 7.55 1.77 13.14 2.35 62.89 543
AR 125142, 3.82 3.07 7.57 1.77 13.14 2.36 62.85 5.43
4 125183, 3.62 3.07 7.57 1.7 13.14 2.36 62.84 5.43
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Table IV.6: Model 1 Decomposition of Variance on FPI

Step Std USM1 CDNMI1 TBUS US/CDNTBI CPl AGEX FPI
Error

1 1.79972 .07 12 1.00 1.91 .00 2.81 15 93.94
2 1.85525 .22 .21 1.04 3.18 3.29 2.70 .58 88.78
3 1.90290 1.45 22 3.00 3.03 4.62 2.57 .69 84.42
4 1.98480 1.90 .34 6.65 3.13 5.82 2.50 1.72 77.94
5 2.01232 2.34 .52 7.19 3.12 5.73 2.90 1.68 75.92
6 2.04894 2.78 .65 8.55 3.32 5.72 2.80 1.69 74.50
7 2.09937 3.88 .62 8.88 347 6.53 3.06 2.58 70.98
8 2.11770 4.19 .64 8.73 3.65 6.60 3.06 319 69.94
9 2.13545 4.36 .85 9.13 3.61 6.51 3.0 373 68.79
10 2.14028 4.58 92 9.11 3.60 6.49 3.1 3N 68.49
11 2.15100 4.74 91 9.22 3.96 6.51 1.4 3n 67.80
12 2.15452 4.76 .92 9.21 4.07 6.49 3.20 3.76 67.59
13 2.16394 4.98 .9< 9.38 4.13 6.48 3.19 1.83 67.06
14 2.17374 530 .99 9.56 4.17 6.43 3.28 3.80 66.46
15 2.17891 5.28 99 9.56 4.15 6.43 3.28 3.98 66.33
16 2.18170 5.37 .98 9.54 4.16 6.44 3.7 4.05 66.18
17 2.18334 5.38 1.01 9.53 4.16 6.46 3.28 4.09 66.08
18 2.18617 5.39 1.04 9.53 4.17 6.46 3.27 4.14 65.10
19 2.18750 5.39 1.04 9.53 4.17 6.52 3.28 4.14 65.92
20 2.19051 5.47 1.04 9.55 4.16 6.51 3.28 4.16 65.83
21 2.19438 5.67 1.06 9.54 4.16 6.54 3.7 4.15 65.61
22 2.19573 5.68 1.08 9.56 4.15 6.53 3.28 4.15 65.57
23 2.19726 5.69 1.10 9.59 4.15 6.53 3 4.18 65.49
24 2.19885 $5.77 1.11 9.59 4.14 6.52 3.28 4.20 65.40

of VAR models using U.S. data.** Nevertheless, holding to the quantity theory of moncy, onc
would typically expect an increase in the domestic money supply to fucl inflationary pressurcs
as the demand for money decreases and demand for commodities is stimulated. In responsc to
a greater expected rate of future inflation, therefore, both the CPl and, as a component of
the Canadian prices, the FPI, are expected to rise following a shock to the Canadian moncy

supply. The results of the impulse response, however, also indicate no significant response

“Orden, op. cit. found increasing the nominal U.S. money supply had only small

effects on exports and relative farm prices. Using Granger causality lests, Barnctt,

Bessler, and Thompson (1986) found no causality running from M, to farm prices.
Saunders (1988). however, found evidence of a bi-causality between Ml and farm

prices.



from the CPI due to a Canadian monetary shock. Any interpretation of the responses to
morictary shocks must be couched in terms of data limitations. Bccause the model is estimated
in nomina! data, explanations must consider the effects of nominal versus real influences of
cach variable. In the absence of money illusion, nominal changes in the money supply will not
affect the Ievel of prices.

The direct influence of the U.S. money supply causes more of a fluctuation (although
not significant) in both the CPI and farm prices than does domestic monetary changes. The
pattern exhibited by both price levels could be a result of deviations in the "law of one price,”
lending support to Bordo and Choudhri's conclusion that the Canadian inflation rate, of
which FPI is onc component, is explained by only the long term rate of Canadian monetary
growth and the U.S. monctary-induced inflation rate.*’ The law of one pricc argues that
prices in Canada, adjusted by the exchange rate, are equal to U.S. prices. U.S. inflation as a
result of U.S. monetary growth possibly directly influences Canadian inflation. However, the
lack of a signi’ int positive correlation between the U.S. ey supply and CPl prevents a
strong conclusion in support of this theory.

The exchange rate and interest rates demonstrate more dynamic effects on the
agricultural variables. An increase in the U.S. dollar relative to the Canadian dollar increases
the value of Canadian exports 1o near significant levels one period after the shock before
rapidly stabilizing. In other words, a strong U.S. dollar does not improve the attractiveness of
Canadian agricultural exports in this model to any significant degree. Part of the explanation
for this result can be found in the effects of the exchange rate on the Canadian FPI. A shock
to the U.S./Canadian exchange rate increases farm prices to near significant levels in the first
two periods after the shock thus making exports more expensive. In fact, a significant decline

in export values is felt in the second month following a one standard deviation shcek to farm

Prices.
“M. D). Bordo and E. Ch. "The Link Between Money and Prices in an Open
tconomy: The Canadian Ev: rom 1971 1o 1980, Federal Reserve Bank of

Samt Lows Review, vol. 64, .,c  Aug.-Sept., pp. 13-23.
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Although farm prices show a two month near significant response to a change in the
exchange rate, the lack of a strong response by the agricultural exports is surprising.*’
Further, the CPI response to the exchange rate shock is completely insignificant. In the
monetary and asset market approach to modelling of macroeconomic linkages to agriculture,
the exchange rate is often the only linkage specified between forcign macrocconomic and the
domestic agricultural sector.*® The minor reaction of Canadian agricultural exports and prices
to the U.S./Canadian exchange rate is possibly the result of management of the
Canadian/U.S. exchange rale by the Canadian monetary authorities. International agricultural
commodity contracts may also be a factor. Another explanation is the possibility of the
modelling of an inappropriate exchange rate. A trade-weighted exchange rate may be a more
appropriate data series. The issue of a no iinal versus real exchange rate also needs to be
considered. The nominal exchange rate used in this study represents the price of U.S. dollars
in Canadian dollars. According to economic trade theory, quantitics of goods traded betwce .
countries are determined by the relative price of domestic goods in terms of foreign grods, or,
in other words, the real exchange rate.”

The effect of the U.S. interest rate on Canadian export values and farm prices
contradicts the assumption made within some models that the exchange rate provides the only
link between foreieu rracrocconomic policies and the domestic agricultural sector. A shock to
the U.S. interest rate causes an initial increase in the export values followed, in the sccond
month by a significant decline. By the third month, the response of the exports has stabilized
at insignificant levels. The FPI responds to a U.S. interest rate shock oy rising to nearly
significant levels in the first three months, followed by an immediate, and significant drop in

price in month four.

¢tPlacing the U.S./Canadian exchange rate before the U.S. interest rale in the
ordering causes the exchange rate to have slightly more of an influcnce on the HPL
but no change in the effect on exports.

¢%See Chambers, op. cit., 1981.

"See John Dutton and Thomas Grennes, "Alternative Measures of Effective Exchange
Rates for Agricultural Trade,” European Revir of Agricultural Economics, vol. 14,
1987, pp. 427-442, for a discussion on the discrepancies in results due to the usc
of differing exchange rates.



52

The factors causing a farm price increase following a shock to the U.S. interest rate
are not certain. It is generally acknowledged that the Canadian interest rate tends to follow
the pattern (albeit at a higher level) set by the U.S. interest rate. The results of this model
support this assertion.” A shock to the U.S. interest rate causes a two month significant
increase in the Canadian interest rate but an increasing Canadian interest rate has the opposite
effect of the U.S. interest rate on farm prices. Increasing the domestic interest rate causes the
FPI to significantly declinc in the second month followed by near significant negative levels
for months three and four. The CPI is unaffected by changes in either interest rate. The fact
that the U.S. interest rate has the opposite effect on farm prices than that of the domestic
interest rate and no cffect on the CPI suggests a dynamic influence of the U.S. interest rate
on farm prices that is ~cparate from the mechanism causing changes in FPI as a result of
shocks to the domestic interest rate. The U.S. interest rate, as a foreign variable, may be
affecting the foreign demand for Canadian agricuiture while changes in the domestic interest
ratc influence the domestic supply of agricultural products.

The influence of the nominal domestic interest rate on farm prices may be caused by
the transformation of the nominal interest rate shock into a real shock. In this model, an
increase in the nominal 1money supply causes a significant rise in the nominal interest rate for
threc months (see appendix). Because the CPI does not significantly increase following a
money supply increase, the nominal interest rate can be interpreted as an increase in the real
interest rate. In order to restore the equilibrium between holding bonds and storable
commodities, farm prices must decline as demonstrated in the response of the FPI to a shock
in the interest rate.

The effect of the Canadian interest rate on export values follows the p..rem set by
that of the U.S. interest rate, although at more significant levels. An increase in the Canadian
interest rate causes the export values to bounce in the first three months; an increase in the

first month 1s followed by a decrease and a subsequent increase before stabilizing in period

Fvidence of a direct link between the U.S. interest rate and the Canadian intcrest
rate is also provided by Kuszczak and Murray, op. cit., and P. M. Boothe et al,

International Asset Substitutability: Theory and Evidence for Canada, Ottawa: Bank of
Canada, 1985.
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four. If the exports are determined by declining farm prices as a result of the interest rate
increase, then it would be expected that exports would remain at significantly high levels due
to price declines. The response, however, of Canadian agricultural exports 10 imterest ratc
changes is also determined by other factors. Rising interest rates will increase the opportunity
cost of storing agricultural commodities, therefore creating pressure for increasing exports.
The significant decrcase in exports in month two may be a result of a shortage of quantitics
available for export due to the depletion of stored stocks following the interest rate shock.
The subsequent increase in exports suggests a time delay in restocking.

A shock to the general inflation level results in a near significant increase in the FPI,
but appears to have little influence on any of the other variables in the model.” An increasc
in farm prices did decrease export values at a level significantly less than zero in the sccond
month. Exports, on the other hand, have no significant impact on the FPI. An increase in
export values causes exports to drop to a significant level in the second month, further
suggesting that a depletion in the stock levels may be an important determinant in levels of
exports. A shock to the FPI on itself, quickly stabilized in the second period.

Examination of the effects of exports and farm prices on the macroeconomy is
interes ~g. While it is expected that the agricultural scctor has very minor effects on
macroecc 'mic variables, an increase in the FPI causes a three month significant rise in the
U.S. interes: rate and a four month significant increase in the Canadian interest rate. The
statistical correlation between the FPI and macroeconomic variables cannot be readily
identified through economic theory. A cautionary note must thercfore be placed on the results
of the model. As a component of the CPI, the farm price could be expected to be an influence
on the CPI and, in fact, does cause an almost significant increase in the sccond month. The
increase in the CPI following the farm price shock could be used to support the hypothesis
that consumers’ expectations of the effects of food price shocks on the rest of inflation have

a tendency to magnify effects on the general inflation 1. tc. Other empirical results, however,

"10rden, op. cit. 1986, p. 23, found that a shock to the price Icvel has a strong
negative effect on agricultural prices.



do not support this hypothesis.”* Export values had very little influence on the rest of the

model.

"*‘Rausser,op. cit., p. 216
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D. Model 2 Estimation: G10 Exchange Index Model

The lack of res; 15e of farm prices and exports to the exchange rate was surprising.
Speculation as to problems cicated by the exclusion of foreign agricultural demand variables in
the model resulted in an eight variat . . el estimated to consider the el ccts of the
replacement of the U.S./Canadi- inge rate with a more international exchange rate ™
The G10 exchange rate index is used as the more universal exchange ratc.

The test results, variance decompositions and impulse response functions are presented
in appendix C. The tests for che appropriate lag length followed the same pre- edure as
outlined for the first model. At a ninety five percent confidence level, 7 lags were selected as
the proper lag lcngth for the eight variable model. The test conclusions for the significance of
the coefficients on the lagged variables are similar for both models. With the inclusion of the
G10 exchange index, the lagged values of the Canadian money supply are significant in the
Canadian money supply equaticn. The agricultural exports are not considered significant in
the Canadian interest rate equation, although they are significant in the previous model. As
expected, the G10 exchange index is exogenous, being determined only by lagged valucs of
itself.

As a result of the test for the significance of the lagged variables, the G10 exchange
index is ordered first in the model as it is considered determined by factors not included in the
model estimation. The remaining variables are ordered as in the last model: U.S. money
supply, Canadian money supply. the U.S. interest rate, the Canadian interest rate, CPl,

agricultural exports, and FPL.

Variance Decomposition
There is vi:tually no change between the forecast error decompositions in the previous
model and the model including the G10 exchange index. At the ¢~ of the twenty -four month

period, the G10 exchange index accounts for 1.3 per cent of the vanance in the agricultural

“The possibility that the interest rates are masking the direct influence of a shock
to the exchange rate was explored by removal of the interest rates from the modcl.
The impulse responses of both agricultural exports and prices remained unchanged.



export shock compared to 1.8 per cent attributed to the U.S./Canadian exchange rate in the
previous model. Simila.ily, both exchznge rates are attributed with explaining approximately
four per cent of the variance in a shock to I'Pl. Likewise, all other variables remained at

approximately the same levels of explanatory power in each model.

Impulse Response Functions

There was no striking change in the impulse response functions when compared to the
previous model. The G10 exchange rate has no significant effect on agricultural exports.
According 1o the results of the models, exchange rates do not have much of an influence on
the competitiveness of Canadian agri. .itural exports. Normally, exchange rates are expected
to be a important factor in determining the level of export values. The possibility arises that a
shock of one standard deviation for a period of one month is too small to have an significant
effect on agricultural exports. One possibility to consider is the effects of long term contracts
for agricultural products. If the volatility of the exchange rates are as much of a factor as are
believed, trade agreements may be taking currency values into consideration.

The G10 exchange index demonstrates the same relationship with agricultural prices as
the U.S./Canadian cxchange rate. Following an increase in the G10 exchange index, the FPI

decreases significantly in the sccond month.

I . Bayesian Fstimation of the U.S./Canadian kExchange Rate Model

The behavior of the farm price variable in the U.S. money supply and Canadian
interest rate equation raises concerns of overparameterization of the variables. Further, the
removal of variables from the model and the changing of lag |. gths caused the significance
of the cocfficients to vary in a number of equations. The lack of robustness in the two
unsestricted models is possibly the result of outliers in the data series creating random

Tuctue tons which obscure the systematic variation the VAR moving averages are trying to

Because of the large number of variables in the model, it was decided to attempt to
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test the robustness of the model by using Bayesian priors.” The restricted Bavesian VAR is
compared to the unrestricted models. Only the eight variable model containing the
U.S./Canadian exchange rate is modelled as the G10 exchange rate is not considered to add

any explanatory power to the model.

Model 3 Estimation

The Bayesian model was estimated using the same ordering and lag length as the initial
unrestricted model. The Bayesian priors are estimated such that the data series will follow .
random walk pattern about a uncertain, deterministic drift as suggested by Litterman.’
Therefore, the mean of the prior on the first lag of the dependent variable in each equation is
set equal to one; the mean values of the priors on all other lags are restricted 10 zero. As well,
the tightness information on the standard deviations of the lagged coefficients is provided.
Only strong determinants will thercfore enter an equation as significant.

A number of different priors and distribution specifications were applicd to the
model. Litterman's results suggested that a tighuness parameter of between .1 and .2 is
reasonable for a model of the size in this study. Experimentation indicated that a relatively
loose tightness parameter of .2 provided the best results. The symmetric prior with weights on
the lagged coefficieats of the independent variables estimated at half the weight of the
dependent lags. proved adequate. More restrictive priors that applicd a weak economic
structure allowing variables considered important in explaining all variables in the mode! to
have larger weights relative to the other, iess important variables, caused problems of scrial

correlation.”™

“Decision made after personal communication with C. Sims, Noveniner, 198%.
“Bessler and Kling, 1986, p. 145. See also Robert B. Litterman, "Forecasting With
Bayesian Vector Autoregressions - Five Years of Experiencc,” Journal of Business
and Economic Statistics, Ja uzry, 1986, vol. 4, pp. 25-3%.

"The Circle-Star prior (s:x RATS manual) provides a wcak economic specification 10
the model estimation. Restricting the agricultural variables to weights of .5 and the
macroeconomic variables (other than the dependent variable) to weights of .7 to .9
gave similar results to the symmetric prior reported in the analysis.
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Table 1V.7 provides the summary statistics for the Bayesian prior estimation and
Table 1V.§ gives the results of the tests for significance of the lagged coefficients. As
expected, the significance of the lagged coefficients changed from the results of the
unrestricted model. The agricultural export equation still demonstrates an autocorrelation
problem. Many of the variables demonstrated the random walk pattern suggested by the
specification of the Bayesian priors. Lagged values of the U.S. money supply and the
Canadian money supply are significant in the U.S. money supply equation. The lagged values
of the U.S. money supply and Canadian interest rate are significant in the Canadian money
supply equation, but the lags of Canadian money supply are not significant. The U.S. interest
rate. the U S Canadian exchange rate, the Canadian interest rate, the CPI, and the
agricultural 2xports, are determined only by the values of their own lags. The FPI equation

did not cuntain any significant lagged coefficients.

Variance Decompositions

Tabi- 'V.10 and IV.11 report the decompositions for agricultural exports and prices
over twenty-four months. Both agricultural variables provided more of the variance in their
own forecast error cecompositions than in the unrestricted VAR model. By the end of the
twentv-four month period, agricultural ¢ ports contributes eighty per cent of its own variance
compared to sixty-three per cent of the variance in the unrestricted model. T .¢ explanatory
power of the U.S. and Canadian interest rates is reduced to approximately six and five per
cent respectively Fighty -six per cent of the variance in the FPI at the end of the twenty-four
month estimation period is explained by the FPI compared with sixty-five per cent in the
anrestricted model. The explanatory power provided by each of the other variables is less than

four per cent.



Table IV.7: Model 2 Summary Statistics
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Equation R’ R2A D-W SSR SSE Q(39)  Sig Level
USM1 5184 .4863 2.61 932.9 2.277 48.18 .148%
CDNM1 4674 4319 2.30 9.847 2339 45.64 2156
TBUS .4648 4291 2.19 63.18 .5920 36.74 5736
US/CDN  .3365 .2923 2.19 .016 .0095 46.4% 1914
TBI .5688 .5400 2.18 35.38 4433 31.88 1837
CPl1 6228 .5976 2.50 11.47 .2524 40.16 4188
AGEX .6924 6719 2.56 1.LE+12  81364. 85.10 00003
FP1 4117 3728 2.25 701.6 1.974 41.78 3510
Table 1V.8: Model 3 Significance of Lags
Lagged Variables
DependentUSM1 CDNMI1 TBUS US/CDN TBI CPI AGEX  FPI
Variable
USM1 .0000* .0490° .1988 .9454 .9856 6615 9778 .0610
(6.532) (2.069) (1.422) (.3174) (.1977) (.7125) (.2296) (1.973)
CDNM1 .0055* 1135 1379 .2335 .0305° 1647 .5294 8187
(2.985) (1.692) (1.600) (1.341) (2.273) (1.515) (.8725) (.5200)
TBUS .0944 1043 .0000* .9020 .8961 .9948 .9703 1242
(1.777)  (1.731)  (7.196) (.3990) (.4087) (.1412) (.254) (1.650)
US/CDN .2323 .8782 1782 o0 .8851 .4450 3723 5473
(1.343) (.4367) (1.477) (3.0 (.4264)  (.9831) (1.089) (.8501)
TBI 1283 .0537 .0183* .5025 .0000° .7957 .0802 0959
(1.634)  (2.029) (2.489) (.9067) (6.522) (.549%) (1.851) (1.76Y)
CP1 .7320 .8381 .6304 9388 .9485 .0000* 1401 9437
(.6284) (.4940) (.7495) (.3316) (.3107) (12.21) (1.593) (.3213)
AGEX  .7475 8778 .8524 .9763 .3299 .8587 0000 2915
(.6097) (.4372, (.4743) (.2347) (1.157) (.4654) (17.93) (1.22)
FPI .6878 .9367 3171 8019 .6074 .99%3 3821 1024
(.6813)  (.3359) (1.179) (.5419) (.777)  (.0996) (i.074) (1.739,
¢ = 10. o

Table reports the F statistics in brackets.

= do not accept HO: lags are not significantly different fro:



Table IV.9: Model 3 Covariance/Correlation Matrix

Variable USMI] CDNM1 TBUS US/CDN TBI CP1 AGEX FPI
USHMI 4.834 1751 -.1207 -.0841 -.2584 0580 .0879 -.0060
HNMIT 6869 .0510 .0343 .0298 0271 .0028 -.0905 .0188
I'BUS -.1518 .0044 .3268 1725 .5300 .0313 .1492 0771
US/CDN -.0017 .0001 .0009 .0001 .3939 -.0507 .0654 .0830
TRI -.2433 .0026 1297 .0015 1833 -.0357 .1893 .0847
CPI 0311 .0002 .0044 -.0001 -.0037 .0594 1143 1558
AGEX 15181 -1605. 6704, 46.99 6369. 2189, 6.E+10 .0653
FPI -.0252 .0080 .0841 .0014 .0691 0724 9771.3 3.635

Table IV.10: Model 3 Decomposition of Variance on AGEX.
Step Std USM]1 CDNMI1 TBUS US/CDNTBI CPI AGEX FPI
Error

1 78576.3 7722 1.156 2.802 .2656 2.481 1.210  91.31 .0000
2 98208.6 .8340 1.313 4.403 .3472 4.000 2.307 85.83 9530
3 98788.4 8947 1.322 4.446 .3442 4.297 2.756  84.85 1.086
4 99208.0 .8907 1.325 4433 3586 4.261 2950 84.39 1.386
5 99482.7 .9216 1.318 4524 4127 4.287 3.033 83.93 1.569
6 100132. .9785 1.310 4.483 .6382 4.232 3.006 83.46 1.885
7 100980. 1.260 1.744 4817 .6706 4.368 3.003 82.27 1.863
X 103160. 2.025 1.802 5.535 .6426 4,522 2.895 80.56 2.010
9 103734, 2.120 1.788 5.503 6528 4.625 2.958 80.34 2.00°
10 103886. 2.124 1.784 5.487 .6564 4.639 2.958 80.35 1.999
3! 103995. 2.120 1.780 5.520 6577 4.638 2960  80.31 2.006
12 104040. 2.160 1.784 5.529 .6576 4.644 2.959 80.25 2.004
13 104118, 2.23% 1.792 5.52% .6689 4.651 2960  80.15 2.001
14 104210. 2.234 1.789 5.559 .6760 4.644 2.955 80.09 2.042
15 104325, 2.245 1.806 5.612 6753 4.644 2.951 80.00 2.059
16 104346. 2.244 1.809 5.616 6775 4,653 2.954 79.98 2.059
17 104355, 2.244 1.809 5.615 6776 4.658 2.954 79.98 2.059
18 104360. 2.246 1.809 5.617 .6781 4,657 2.955 79.97 2.059
19 104364, 2.251 1.809 5.618 6783 4.657 2.954 79.96 2.059
A 104367, 2.252 1.809 5.620 6785 4.657 2.957 79.96 2.059
N 104372, 2.252 1.809 5.624 6791 4.657 2.957 79.95 2.059
n»n 104278, 2.254 1.810 S.629 6790 4.657 2.958 79.95 2.059
AR 104380, 2.254 1.810 1629 6791 4.657 2.958 79.95 2.059
N 104381, 2.254 1.810 5.629 6792 4.657 2.958 79.95 2.059




Table 1V.11: Model 3 Decomposition of Variance on FPI.

Step Std USM1 CDNMI1 TBUS US/CDNTBI CPl1 AGEX FPI
Error

1 1.90668 .0036 .0405 5764 4978 .0895 2.518 0948 96.17
2 1.95174 .1007 .1559 7329 9273 1635 2.473 1562 95.2%
3 1.96491 .3101 1993 1.344 9253 4121 2.446 3408 94.01
4 2.00369 1.066 1930 2.752 1.184 1.204 2.363 .5350 9.70
S 2.01652 1.291 2538 3.453 1.228 1.201 2.391 6259 89.55
6 2.03425 1.674 2527 3.662 1.271 1.218 2.358 6964 88.86
7 2.05610 2.097 .2505 3.697 1.524 1.401 2.308 1.722 86.99
8 2.06261 2.280 2532 3.692 1.612 1.457 2.422 1.771 86.50
9 2.065¢9 = 284 .2560 3.779 1.649 1.453 2.460 1.826 86.29
10 2.06665 "..313 .2694 3.778 1.649 1.459 2.471 1.841 86.21
11 2.06899 1.337 .2690 3874 1.707 1.461 2.474 1.847 86.02
12 2.0€971 2.336 2717 3.872 1.708 1.461 2.490 1.881 85.97
13 2.07147 2.403 .274% 3.870 1.721 1.465 2.508 1.879 85.87
14 2.07253 2.451 2816 3.868 1.724 1.470 2.514 1.898 85.79
15 2.07302 2.451 2837 3.869 1.726 1.473 2.516 1.913 85.76
16 207327 2.455 2847 3.875 1.726 1.477 2.515 1.918 85.74
17 2.0734) 2.458 .2898 3.876 1.726 1.476 2.515 1.919 85.73
18 2.07373 2.466 .2943 3.875 1.726 1.478 2.51§ 1.927 85.71
19 2.07379 2.466 .2948 3.876 1.726 1.479 2.515 1.927 85.71
20 2.07399 2475 2952 3876 1.727 1.479 2.515 1.928 85.70
2 2.07417 2.486 2968 3.877 1.727 1.450 2.514 1.928 85.6%
22 2.07420 2.486 .2970 3.878 1.727 1.480 2.515 1.929 85.68
23 2.07425 2.489 2972 3.878 1.727 1.480 2.514 1.930 85.68
24 2.07430 2.492 2975 3.878 1.727 1.480 2.514 1.930 85.67

Impuise Response Functions

65

The impulse response functions of the Bayesian model demonstrated the same pattern

as the impulse response function: Hf the unrestricted model. Due to computer limitations, the

standard errors could not be estimated. However, the graphs of the impulse responsc

functions in Figures 1V.7 to V.10 are scaled the same as the impulse response functions of

the unrestricted VAR in order to allow for direct comparison.

The response of agricultural exports to a shock in the Canadian interest rate differs

from the unrestricted VAR in that the exports demonstrate less of a decline in the second

month in the Bayesian model. As well, «

itural exports decreased less in the Bayesian



model following a shock to agricultural exports. The response of the FPI to the Canadian
interest rate also changes from the unrestricted model. Instead of a decrease following the
interest rate shock, the FPI increases. However, the levels of response in the first month of
cither model appear msignificant. The response of the FPI to a shock in the U.S./Canadian
exchange rate is stronger in the unrestricted model in the first month but the same for the rest
of the response path.

The lack of major changes in the impulse response functions suggests a certain
robustness in the models. The economic relationships suggested by the time series are not

dampened by imposing Bayesian r- ors on the model.
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F. Implications of the Results

The VAR models estimated and reported in the study capture some interesting
relationships in the sconomic data. Stress must be placed on the fact that although the
responses of the agricultural variables are observed in terms of 'significant’ and 'ncar
signific :at,’ one standard deviation shocks in a time period of one month should not be
expected to cause extremely strong responses for long periods of time. The linkages observed
between the macroeconomic and agricultural variables have sume important implications for
the present perceptions of the interactions of the different economic relationskips.

Of particular interest is the very weak response of the agricultural exports to the
exchange rates compared to the response of the exports to the inter=st rates. Exchange rates
may not be as important a determining factor in agricultural trade as is believed. A high
American dollar relative to the Canadian dollar has only a slight positive effect on Canadian
agricultural exports. On the other hand, the response of exports to the domestic interest rate
is reiat'vely dramatic. The perception that interest rates only affect agricultural trade
indirectly through the exchange rate may have to be revised. The direct impact of interest
rates, possibly as a result of storage costs, on agricultural exports requires more attention.

The use of the money supply as a tool of monetary policy appears not to have any
direct effects on either agricultural prices or exports. However, the significant decrease in
interes' rates as a direct result of an increase in the money supply suggests that the indirect
influence of monev supply changes on agriculture may be quite substantial. High interest rates
are already considered detrimental in a capital intensive industry such as agriculture; the fact
that the interes' rate decreases both agricultural prices and exports more than cither the
money supply or the exchange rate, lends support to demands for lower interest rates.

The general price level does not appear to be an important influence on agricultural
output prices. Farm prices may increase slightly due to a shock in the price level but not
enough to have the inflation rate be considered a major influencc. Additional rescarch to
compare the effect of the general inflation rate on both agricultural input and output prices

may provide evidence of a cost-price squeeze. The results of this study suggest that more
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attention must be placed on the effects that policy initiatives to combat inflation have on the
agricultural sector. If, for example, the monetary authorities use the interest rate to restrict
the money supply and therefore inflation, agriculture will be negatively affected.

The relationship between agricultural exports and prices also has interesting
implications. Even though Canadian agriculture depend: avily on exports, farm prices are
not significa.tly affected by increases in exports, supporting the conclusion thut prices for
agricultural exports are set internationally. While having no apparent influence on agricultural
exports, the significance of the exchange rate as a determinant of the FPI adds further
support to the argument that some domestic farm prices are set in world commodity markets.

The influen~c of American macroeconomic variables on Canadian agriculture directly
and indirectly through influences on domestic macroeconomic variables contains very strong
implications. Restrictive L .S. monetary policy in the form of shocks in the interest rate cause
a dramatic increase in both the U.S./Canadian exchange rate and the Canadian interest rate.
The subsequent effects on agricultural prices and exports are substantial. Shocks to the U.S.
moncy supply do not have significant direct effects on Canadian agriculture. The indirect
effects of U.S. money supply changes on Canadian agriculture through domestic monetary
variables and the US. interest rate may be quite important. The interactions of the U.S.
monclary variables with Canadian variables suggest that some important macroeconomic
¢[fects on Canadian agricultural prices and exports are beyond the control of the Canadian

monciany authorities and will have 1o be addressed through international negotiations.

G. Summary

The intent of the empirical work presented in this chapter was to examine the
cconomic relationships between both domestic and international macroeconomic variables and
Canadian agricultural prices and expoits. A number of interesting results were presented and
implications of the tesults were highlighted. Conclusions and limitations of the empirical work

will be prescuted in the final chapter.



V. Conclusion

A. Review of the Research Objectives

The purpose of the study was to provide empirical evidence of causal relationships
between macroeconomic variables and Canadian agricultural prices and exports, as well as the
relative strengths of the relationships. The integration of the agricultural industry with both
the rest of the economy and the international agricultural and financial markets suggests
Canadian agricultural prices and exports are faced with an increased sensitivity 1o changes in
macroeconomic policies. Some of the instability 1n the agricultural sector is therefore
perceived L0 be caused by macroeconomic policies deve'oped 10 pursuit o goals not necessarily
related to agriculture. Nevertheless, despite an awareness of ti:c inkages between both foreign
and domestic macroeconomic policies and Canadian agriculture, only a small quantity of
empirical work in the area has been published in Canada. Although substantially more
research has been presented in the United States on macroecor,omic impacts on U.S.
agriculture, a consensus as to the linkages and relative strengths of the linkages has yet to be
achieved. Much of the controversy is due to differing views on the relative importance of
certain variables. Several different and oflen conflicting theoretical approaches are considered

ceeptable for furm il ting conceptual frameworks. Empirical work focusing on cither direct

monewary and tiscal policy or indirect macroeconomic effects from exchange rates, interest
rates, and the ir..  .n process, places strong restrictions on any conclusions drawn. A first
step is to identify the causal relationships between macroeconomic and agricultura! Jdata.
Given the importance of the agricultural industry to Canada, such analysis is required in
order to decide which macrozconomic variables have the most significant linkages to Canadian
agriculture.

The focus of the empirical estimation was on the relationship between menctary and
financial macroeconomic variables and Caasadian agricultural prices and caports. i a0g:nous
international policies were represented by the U.S. money supply and interest rate, the

U.S./Canadian eachange rate and the exchange rate index of the (i'0 courires. omestic

73
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macrocconomic policies were measured by the Canadian money supply, Canadian interest rate
and the Consumer Price Index as a proxy for the general price level. In order to avoid as
much as possible tirc inclusion of a priori assumptions on the model, the VAR econometric
technique was considered the most suitable estimation procedure to achieve the objecuves of

the study.

8. Summary of Vector Autoregression Analysis

As well as allowing some general implications to be drawn about the relationships
between macroeconomic variables and Canadian agricultural prices and exports, the study
demonstrated the usefulness of the VAR econometric technique to analyses of this nature.
The VAR estimation : . hnique allowed the dynamics of the model to be assessed through
impulse response functions and forecast error variance decompositions. The impulse response
functions demonstrated the effects of an one standard deviation shock of one variable on
another variable. The forecast error decompositions allowed inferences to be made about both
tl.. causal linkages between variables and the relative strengths of the relationships.

VAR analysis presents a number of advantages over more standard, structural
cconometric techniques for the analysis of the causal linkages between variables. The VAR
economelric techmique avoids most of the restrictions required by m.re structural approaches
through the estimation of moving averages of time series data. VAR models lag each variable
on itself aid all other variabies in the model, therefore avoiding exclusion restrictions or
cxogencity assumptions before estimation of the model. Identifying economic relationships in
the data in this manner, has proved useful in evaluating how closely economic theory matches
the reality of what has occurred without severely restricting the model with assumptions that
may or may not be testable. VAR modelling is therefore useful to provide support for the
identification of inore structural models as well as being a useful econometric ool on its own.

VAR ecstimation also has a number of restrictions that must be understood.
Orthogonal ordering 10 avoid estimation problems duc to contemporaneous correlations

hetween error terms results in a strong assumptior of recursivity in the model. Recent studies



using VAR estimation procedures have applied new orthogonalization techniques that usc
model estimation to avoid conventional ordering problems. While the standard Choleski
decomposition was used in this study, estimation using the more recent procedures is an area
for more research.

Three VAR models were estimated: two unrestricted models comparing different
exchange rates, and one model estimated with the use of Bayesian priors. The lack »f major
changes between the different models suggests a certain robustness in the models. The only
econometric problem of major concern was the serial corre'tion present in the agricultural

€xport equation.

C. Summary of Resuhs

A nu:nber of gereral conclusions can be drawn from the results of the model. The
forecast error decomjositions suggest that events in agriculture explain more of the variance
in agricul' = - ces and exports than do events in the macroeconomy. The macrocconomic
variables with the most relative importance to agricultural pnices and cxports are the two
interest rates. Although exchange rates did not influence agricultura’ cxports as much as
expected, this may be due to the policies of the monetary authorities. If the Bank of Canada
manages the interest rate to prevent instability caused by a fluctuating exchange rate, the
interest rate will possibly have more importance than the exchange rate. Nevertheless, the
exchange rate is partially determined by factors exogenous to the donestic cconomy. 1 he
effects of the exchange rate on exports can therefore not be dampencd solely by changes 1n
the interest rates Other factors such as fixed agricultural trade contracts may be important A
perception in Canadian agricultural circles that the exchange rate 15 the most important
variable affecting Canadian agricultural trade may have to be revised.

The impulse response functions provide support for some of the perceptions
surrounding the effects of changes in macroeconomic policy on agriculturc. A note of caution
must be applied to the impulse response functions however, as the statistical significance of

shocks to the FPI on several macroeconomic variables cannot be readily explained by
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cconomic theory Nevertheless, there are a number of interesting results from the impulse
response functions. High domestic interest rates have a negative influence on agricultural
prices. In the slightly longer run, high interest rates lower agricultural exports, presumably
due 1o higher opportunity costs for storage. As expected, the direct influence of the money
supply is relatively insignificant. The indirect effect of changes in the money supply through
its effect on other macrocconomic variables may be more important.

The influence of American macroeconomic policy on Canadian agriculture should not
be underestimated. The effect of U.S. macrocconomic variables on the Canadian
macroeconomy has indirect imphications for agriculture. U. S. monetary policy that causes
high interest 1ates in the U.S. also increases the interest rate in Canada as well as raising the
U.S./Canadian exchange rate. The U.S. ...crest rate also has a direct negative effect on
Canad:an agricultural exports and prices. Results of the study suggest that Canadian
macroeconomic po'icies may be significantly frustrated by the policies of other governments.
The influence of miternational macroeconomic policy, as represented b J.S. variables in this
study . suggests that trad~ negotiations will have to include consideration of tre

macroeconomic goals of different governi.ents.

D). Limitations of the St 1y

The empirical analysis presented in the study is able to provide a number of broad
conclustons about the economic relationships between the domestic and international
ceononues and Canadian agricultural prices and exports. The aggregate nature of the
apricultural variabios, however. limits the study to very general nterpretations. The Farm
Price Index consists of the farm gate prices for fifty farm products. Not all of the produc:-
within the FPI are traded in the evport markets. The prices receivea for agricultural products
designated for domestic markets may be influenced directly by domestic macroeconomic policy
and onhv indirectly, if at 1. by events in the international economy. On the other hand,
macroeconomic policy o! ioreign governments may have a substantial influence on the prices

. .1 the international commodity markets in which Canadian agricultural exports compete.



71

Aggregating agricultural exports prevents drawing conclusions about the relationship of
macroeconomic variables 10 specific commodities. Agricuitural commodities with varying
market structures and performance mav have differing degrees of sensitivity to changes in
macroeconomic policies.

By narrowing the studyv to examination of the relationship between monctary and
financial variables and agricultural prices and expo' -, the empirical modci fails to consider
the influence of other important macroeconomic policies. Changes in fiscal policy. for
example, may ha\: -ome influence on agriculture. Specific government expenditure in the
form of subsidies is perceived to have a substantial “ npact on the agricultural sector. While
exclusion of fisczl policy variables presents 1 fimt %0n 57 = udy, it alsc points lo an area

for further rescarch.

Replacing the Consumer Price Index w.. 1 « ' uot1ator to represent the general
price level could po contributed more to the study. The unavailability of a monthly
series for the GNP - “ex may have limited the study in this regard. As mentioned
previously, a traae » i exchange rate may also have been of more value.

Concern with restrictions in the VAR estimation technique cxposes the empinical
esti'nates to questions about the validity of the causal infcrences that have been mad. Th:
choice of variable order, onc of the most restrictive assumptions within a VAR model, 15 not
considered a problem in this analysis . ordering of variables allowzd the macrocconoinic
variables to have the maximum possib  effect on the agricultura! vanables. Furthermore,
changer 1n the ordering of *riables produced only very minor . nanges in the impulse response
functions and forecast error decompositions. Comparison of the unrestricted VAR model and
the Baycsian model indica.ed that overparamecterization ot variables in the unrestricted model
was not a provlem. However, one should be aware of potential underestimation of the

variance in the residuals due to autocorrelation in the agricultural export cquations
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F.. Recommendations for Further Research

The possible extensions of the empirical work presented in the study are numerous.
The purpose of the study was to analyze the influence of different macroeconomic variables
on Canadian agriculturc. The VAR estimation procedure can be extended into more specific
policy analysis and forecasting. For example, the VAR models estimated can be used to
analyze the <ffects of specific past events in the macroeconomy on the agricultural sector.

Various extensions to the model could prove very valuable. Alternate variables, such
as a more general price icvel or a trade weighted exchange 1 te may contribute more to .
model. A larger. morc ¢ 1l noodel could be consructed by setting up blocks of inter...t:onai
variables which feea through to the Canadian economy as a group, but not individually.

A number of tests for several interesting problems can be performceu on a model of
this nature. It has only been relative!y recentiy that the international community has been
operating under floating exchange rate: . Tests for structural change as a result of the switch
from fixed exchange rates can, as an e 2mple, be accomplished through this model.

Future research more specifically related to agriculture could extend the model to
consider the intluences of macroecunomic variables on less aggregate agricultural variables.

i . ient commodities as a result of different marke ‘es can be more or less sensitive
te change: i botn domestic and foreign macroeconorn. licies. M. .. cmphasis could be

i laced on the shest versus the longer crm thus using the model to test for evidence of
costprice squeeze phenomenon in the agricultural industry. 7' ffects of ne .inal versus real
shocks should also be considered.

The empinical work presented in the stud. can be viewed as a first step towards more
structural analvsis. Ordering of a VAR model using the Choleski decomposition procedure,
mposes 4 stnict recursivity o the model. Var modeis, however, can also be identified through
restricttons on the covariance matrin th - can connect or exclude variables i some equations
thus allow:iny tor more structural interpretasions. The 1o Lits presented in the study can aid 1n

ieenntication of more structural VAR models which  n provide interpretations more

~hle for direct policy analysis.
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Appendix A

The following tables list the data series used in the estimation of the three VAR
modcls.
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Table A.1: Canadian Variables.

Date CDNM]1 TPI CP1 AGEX FPI

1971:01 6.041 4.59 41.2 69260 33.48961
1971:02 6.171 4.51 41.4 74931 33.37783
1971:03 6.321 33 41.5 89264 33.52329
1971:04 6.339 3.08 41.8 56962 33.25573
1971:05 6.517 3.06 42 110326 33.12358
1971:06 6.647 3.15 421 137354 32.64773
1971:07 6.611 3.58 42.4 137941 32.14400
1971:08 6.8 3.88 2.7 132574 33.68137
1971:09 6.913 3.93 42.6 120973 33.96739
1971:10 6.921 3.719 4.7 137424 34.00204
1971:11 7.095 3.31 42.8 128944 34.49465
1971:12 7.211 3.25 43.1 153168 34.67406
1972:01 7.167 3.29 43.3 63093 35.90700
1°72:02 7.21 3.48 434 55235 35.33110
1 2:03 7.256 3.51 43.5 70845 34.10223
1972:04 7.336 3.65 43.7 49874 34.65069
1972:05 7.39 3.68 438 143293 36.13478
1972:06 1.47 3.58 43.8 157540 35.81357
1972:07 7.547 3.48 4.4 130614 35.48830
1972:08 7.673 3.47 4.7 153565 41.28216
1972:09 7.851 3.57 49 100768 41.61297
1972:10 7.998 3.57 449 201707 4] .29026
1972:11 8.146 3.61 45 196243 42.06665
1972:12 8.229 3.66 45.3 147693 43.16862
1973:01 8.354 3.79 45.7 90349 45.34069
1973:02 8.372 3.92 46 108458 45.67191
1973:03 8.3713 4.29 46.1 94804 45.23991
1973:04 8.604 4.73 46.6 143190 45.58714
1973:05 8.705 5.08 46.9 183592 48.15103
1973:06 8.642 5.4 47.4 182125 48.75959
197307 8.865 5.65 47 .8 197025 49.998/1
1973:08 8.823 6.03 48.4 251991 68.61020
1973:09 8.914 6.41 48.7 122670 66.32979
1973:10 9.003 6.51 48.8 183794 65.41980
1973:11 8.961 6.46 43.2 238774 65.15979
1973:12 8.957 6.38 49.5 244732 65.66618
1974:01 9.08 6.28 499 204265 67.77520
1974:02 9.09% 6.11 50.4 143246 66.52587
1974:03 9.198 6.28 50.9 19599] 62.66320
1974:04 9.687 7.13 51.2 145748 63.80525
1974:05 9.849 8.24 52.1 359787 66.41917
1974.06 9.384 8.8 52.8 273473 65.40852
197407 9.284 8.92 53.1 279%51 64.12217
1974:08 9.195 9.09 53.7 286678 06 60847
1974:09 9.219 9.03 54 188044 6t,.41733
1974:10 9.137 8.6 54.5 264732 65.68113
1974:11 9.201 7.73 55.1 303181 ¢5.88507
1974:12 9.19 7.32 55.6 238410 65.72416
1975:01 9.495 6.65 55.9 319633 66.03586
1975:02 9.871 6.34 56.3 125615 63.13539
1975:03 10.255 6.29 56.6 90776 60.34745
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1975:04
1975:05
1975:06
1975:07
1975:08
1975:09
1975:10
1975:1:
1975:12
1976:C1
1070:02
197403
1976:04
1976:05
1976:06
1976:07
1976:08
1976:09
1976:10
1976:11
1976:12
1977:01
1977:02
1977:03
1977:04
1977:05
1977:06
1977:07
1977:08
1977:09
1977:10
1977:11
1977:12
1978:01
1978:02
1978:03
1978:04
1978:05
1978:06
1978:07
1978:08
1978:09
1978:10
1978:11
1978:12
1979:01
1979:02
1979:03
1979:04
1979:05
1979:06
1979:07
1979:08
1979:09

10.159
10.258
10.372
10 182
10.736
10.804
17972
11.853
11.553
11.187
11.233
11.083
11.054
11.081
11.107
11.193
11.295
11.285
11.319
11.443
11.341
11.515
11.606
11.877
11.93

12.05

12.246
12.181
12.246
12.317
12.378
12.527
12.813
12.846
12.833
12.741
12.905
13.083
13.252
13.356
13.421
13.603
13.995
14.208
13.732
13.588
13.752
13.491
13.694
14,078
14.368
14.405
14.49

14.552

56.9
57.4
5b.2
59.6
39.6
59.7
60.3
€0.8

61.2
61.5
61.7

62.5
62.8
63

63.3
63.6

64.2
64.5
65

65.6
66.3
66.7
67.2
67.7
68.3
68.6
69

69.6
70.1
70.6
70.8
71.3
72.1
72.3
73.3
73.9
75

75.1
74.9
15.7
76.3
76.5
77.1
71.8
78.8
79.3
80.1
80.5
81.1
81.4
82.1

167886
303256
360165
260434
163686
249259
321366
265257
326040
280773
276812
112868
124227
249146
332815
330651
209490
213573
244857
231173
255179
198920
182211
166150
145374
246442
356448
304487
304039
206211
235433
209221
310728
162615
190602
155419
183912
288451
314236
273180
345690
312427
261518
366027
293932
245767
157189
217490
219965
262542
309112
340211
325610
499367

62.41030
66.82066
67.78290
67.38356
69.79964
69.80240
68.64288
67.07454
66.44895
67.54855
67.08945
66.61079
67.14333
66.61146
66.43813
65.15589
63.38834
63.96059
61.84971
62.84925
63.66158
61.68787
62.04939
63.22494
63.98403
64.98840
64.38132
62.71295
63.52307
63.21331
62.97177
64.53949
65.49930
65.07032
65.85447
66.87898
67.30961
70.15568
71.13940
68.72388
76.72617
78.39673
80.14280
82.23525
83.18307
81.84862
85.48064
84.71337
83.73794
83.23948
82.50081
80.36001
87.47052
90.08152

86



1979:10
1979: 1N
1979:12
1980:01
1980:02
1980:03
1980:04
1980:05
1980:06
1980:07
1980:08
1980:09
1980:10
1980:11
1980:12

1981
1981
1961
1981
1981
1981
1981
1981
1981

1981

1982:
1982:
1982:
1982:
1982:

:01
:02
:03
:04
:05
:06
:07
:08
:09
1981:
1981:
112

10
11

01
02
03
04
05

1982:06
1982:07
1982:08
1982:09

1982:
1982:
1982:

10
n
12

198301

1983:
1983:
1983:
1983:
1983:
1983:
1983:08
1983:
1983:
1983:
1983:
1984:
1984 :

02
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04
05
06
07

09
10
11
12
01
02

1984:03

14.58
14.544
13.87
14.538
14.601
14.661
14.359
14.192
14.259
14.736
15.017
15.447
15.901
16.263
15.485
15.462
15.351
15.517
15.717
15.562
15.145
16.111
15.156
14.546
14.423
14.048
15.334
15.216
14.7119
14.527
14.588
14.962
14.683
14.509
13.928
14.256
14.328
14.422
15.272
15.301
15.717
15.729
15.994
15.973
16.264
16.614
16.727
16.808
16.4
16.56
16.562
16.537
16.631
16.766

12.86
13.61
13.63
13.54
13.56
14.35
15.64
12.54
11.15
10.°
10.21
10.€3
11.57
12.87
16.31
16.77
16.87
16.64
16.92
18.61
18.83
19.27
20.85
19.7
18.19
15.87
14.81
14.47
14.55
14.83
15.07
15.08
16.06
15.82
14.42
13.15
11.54
10.72
10.25
9.53
9.4
9.21
9.22
9.12
9.24
9.25
9.35
9.26
9.22
9.31
9.69
9.73
9.77
10.22

82.7
83.5
84
84.5
85.2
86.1
86.6
87.6
88.6
89.3
90.1
90.9
91.7
92.9
93.4
94.6
95.6
95.8
97.6
98.4
100
100.8
101.2
102.3
103.3
104.2
104.7
105.4
106.7
108
108.6
110.1
111.2
111.8
112.3
112.9
113.6
114.4
1144
114.1
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115.8
115.8
116.1
117.4
117.9
118.5
118.5
119.2
119.2
119.6
120.2
120.3
121.2

528773
424507
374031
268845
293155
290920
316132
389214
685915
510290
567150
497900
635934
441626
522070
402095
323683
343930
329772
596842
709684
423722
487862
522052
600192
681156
519825
303041
329339
450143
499763
678610
760315
611161
485297
588684
527842
604017
525911
337067
345422
437683
502292
740721
635496
622379
653688
608049
676884
561615
562548
374934
388348
410164

88.54131
89.51362
91.92094
88.68050
88.31775
87.02648
84.80212
85.22689
85.24322
86.40308
97.87807
99.83016
101.0540
104.0358
105.4438
100.6
100.3
100.3
101.2
101.5
102.8
104.2
9.4
98.4
97.8
96.6
95.8
96.78499
97.56341
98.92725
99.33488
101.755S
100.8814
98.10350
100.5389
100.9510
98.60591
98.72369
98.82108
96.65103
97.46328
96.58062
96.44163
96.45578
94.67841
92.25329
100.9093
102.4456
101.9381
102.9320
105.7212
102.4782
101.9692
102.4136
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1984:07
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16.938
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17.121
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16.528
15.786
16.313
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16.968

17.502
17.707
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18.267
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19.278
19.061
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20.552
20.654
20.358
20.363
20.327
20.773
20.37

19.758

10.56
11.27
11.74
12.81
12.21
12.08
11.83
10.92
10.13
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9.35
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124.6
125.4
125.7
126.2
126.5
127.2
127.6
127.8
128

128.4
128.9
129.5
130.1
130.6
130.9
131.1
131.7
131.9
132.9
133.3
133.3
134

134.7
134.9
135.2
135.8
136.4
137

137.8
138.2
139.2
139.3
139.3
139.8
140 .4
140.5

461540
781107
794958
804915
734760
661021
615470
603803
353514
355803
296118
345825
422304
623991
501018
288518
354935
622284
623979
592843
498348
387694
306637
270396
336449
431292
415890
438643
327118
316418
435051
458999
475039
319610
262167
327874
455796
532797
405639
379211
346079
358373
578444
466505
450432

103.1925
104.5048
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Q2.5
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91.9
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89.5
88.8
9.1
92.8
94.2
94.2
9]

90.3
88.6
87.3
87.5
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Table A.2: U.S. and Other Variables.

89

Date USM1 TBUS US/CDN G10
1971:01 217.8 4.494 1.011640 100.28
1971:02 219.7 3.773 1.007531 100.65
1971:03 2.1 3.323 1.006263 100.78
1971:04 222.3 3.78 1.007619 100.64
1971:05 224 4 4.139 1.008734 100.43
1971:06 225.9 4.699 1.021207 99.19
1971:07 227.3 5.405 1.021145 99.18
1971:08 228 5.078 1.013323 99.6
1971:09 228.9 4.668 1.012872 99.34
1971:10 229.6 4.489 1.004406 99.95
1971:11 230.3 4.191 1.003735 99.96
1971:12 230.8 4.023 0.999247 100.01
1972:01 232.6 3.403 1.005921 99
1972:02 234.8 3.18 1.004747 98.84
1972:03 236.8 3.723 0.998394 99.35
1972:04 238.1 3.723 0.995593 99.69
1972:0S 238.4 3.648 0.988664 100.39
1972:06 239.3 3.874 0.979375 101.38
1972:07 241.3 4.059 0.983859 101.04
1972:08 243.5 4.014 0.982228 101.23
1972:09 245.8 4.651 0.982875 101.2
1972:10 247.7 4.7119 0.982574 101.34
1972:11 249.1 4.774 0.987202 100.94
1972:12 252 5.061 0.996677 100
1973:01 254.3 5.307 0.999147 99.74
1973:02 254.9 5.558 0.995531 99.03
1973:03 254.4 6.054 0.996555 98.1
1973:04 255.6 6.289 1.00061 97.91
1973:05 257.8 6.348 1.000481 97.72
1973:06 259.6 7.188 0.998314 97.45
1973:07 260.5 8.015 0.999419 96.9
1973:08 260.8 8.672 1.003834 96.85
1973:09 260.9 8.478 1.008105 96.51
1973:10 262.1 7.155 1.000890 97.14
1973:11 264 7.866 0.998780 98.1
1973:12 265.9 7.364 0.999410 98.47
1974:01 266.9 7.755 0.9914 100.31
1974:02 268.3 7.06 0.97669 101.36
1974:03 269.7 7.986 0.972 101.28
1974:04 270.2 8.229 0.967266 101.43
1974:05 270.7 8.43 0.962136 101.79
1974:06 271.6 8.145 0.9664 101.63
1974:07 272.6 7.752 0.976081 100.77
1974 273.1 8.744 0.979781 100.83
197404 274.1 8.363 0.98625 100.25
1974:10 275.4 7.244 0.982963 100.42
197411 276.8 7.585 0.98715 99.84
197412 271.6 7.179 0.98809 99.55
W8] 277.2 6.493 0.994745 98.54
1S 02 278.1 5.583 1.00054 97.62
SERANIK 280.2 5.544 1.00029 97.45



1975:04
1975:05
1975:06
1975:07
1975:08
1975:09
1975:10
1975:11
1975:12
1976:01
1976:02
1976:03
1976:04
1976:05
1976:06
1976:07
1976:08
1976:09
1976:10
1976:11
1976:12
1977:01
1977:02
1977:03
1977:04
1977:05
19'/7:06
1977:07
1977:08
1977:09
1977:10
1977:11
1977:12
1978:01
1978:02
1978:03
1978:04
1378:05
1978:06
1978:07
1978:08
1978:09
1978:10
1978:11
1978:12
1979:01
1979:02
1979:03
1979:04
1979:05
1979:06
1979:07
1979:08
1979:09

279.8
282.5
286.2
287

288.2
289.2
288.8
291.3
291.2
292.4
294.6
296

297.9
299.7
299.6
300.8
302.8
303.4
306.6
307.4
310.4
313.3
315.6
317.5
320

320.6
3221
324.5
326.2
328.3
331.1
332.9
335.4
339.2
339.6
340.9
344.3
347.9
349.9
352

353.6
357.4
358.2
360.1
363.1
363.9
365.1
367.5
371.7
372.9
377.4
381.4
383.7
385.9

5.694
5.315
5.193
6.164
6.463
6.383
6.081
5.468
5.504
4.961
4.852
5.047
4.878
5.185
5.443
5.278
5.153
5.075
4.93

4.81

4.354
4.597
4.662
4.613
4.54

4,942

5.1
6.188
6.16
6.063
6.448
6.457
6.319
6.306
6.43
6.707
7.074
7.036
7.836
8.132
8.787
9.122
9.351
9.265
9.457
9.493
9.592
9.045
9.262
9.45
10.182

1.011081
1.028142
1.026361
1.030709
1.035295
1.026209
1.024990
1.013715
1.013828
1.006371
0.99371
0.9858
0.983333
0.98002
0.973590
0.972161
0.985318
0.974961
0.97263
0.985723
1.018718
1.01089
1.027865
1.051086
1.051085
1.048538
1.057477
1.060995
1.074891
1.073252
1.098755
1.109233
1.09723
1.101114
1.11316
1.125604
1.141565
1.118872
1.121609
1.1245
1.140282
1.16629
1.182680
1.172757
1.179473
1.189831
1.19545
1.173872
1.14633
1.155627
1.17227]
1.163447
1.170565
1.165226

96.17
95.05
95.31
95.53
95.53
96.62
96.75
97.85
98.03
98.73
99.98
101.09
101.59
102.03
102.85
102.87
101.36
102 .41
102.87
101.59
98.11
98.76
97.04
94.77
94 .64
94 .88
93.99
93.34
92.2
92.4
89.84
88.6
89.22
88.6
87.53
$6.32
84.99
87.04
86 43
85.61
83.87
81.94
80.22
81.45
80.98
80.19
79.91
81.4%
83.71
83.18
81.85
81.98
81.56
81.99
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1983:
1982
(AR
1984
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16
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Ul

386.3
386.8
389.1
392.5
395.8
394.7
387.5
388.7
393.3
398.7
406

411.8
415.7
417.7
414.9
418

420.4
424.2
430.1
428.9
428.7
431

433.1
433.6
433.8
436.9
4415
450.3
448.1
479
449 .8
451.5
452.3
453.1
457.7
463.5
470.2
476 .4
480.5
485.1
491.1
496.4
497.9
506.6
510.9
514.9
517.4
518.9
521.6
523

525.3
531.4
534.2
537.3

11.472
11.868
12.071
12.036
12.814
15.526
14.003
9.15
6.995
8.126
9.259
10.321
11.58
13.888
15.661
14.724
14.905
13.478
13.635
16.295
14.557
14.699
15.612
14.951
13.873
11.269
10.926
12.4]12
13.78
14.493
12.821
12.148
12.108
11.914
9.006
8.196
7.75
8.042
8.013
7.81
8.13
8.304
8.252
8.19
8.82
9.12
9.39
9.0
8.7]
8.7
8.96
8.93
9.03
9.4

1.175254
1.179638
1.169578
1.163863
1.156009
1.173090
1.185614
1.173085
1.151523
1.151913
1.159123
1.164619
1.169045
1.186047
1.196785
1.190747
1.190747
1.191236
1.190795
1.200919
1.203995
1.211449
1.222971
1.200699
1.202761
1.187394
1.185109
1.192414
1.214029
1.220395
1.224752
1.233919
1.275277
1.269885
1.245131
1.234680
1.229934
1.226209
1.23818S
1.228434
1.227304
1.226195
1.232154
1.228790
1.232159
1.232399
1.233643
1.232414
1231874
1.236719
1.246849
1.248328
1.247952
1.270036

81.57
81.55
81.91
82.12
82.86
82.24
81.45
81.44
82.6

82.52
82.22
81.57
81.28
80.49
79.93
80.2

80.33
80.97
§1.41
81.37
81.65
81.67
81.2

82.26
81.95
82.63
82.78
82.56
81.61
81.49
81.42
80.42
78.54
79.1

80.81
81.68
82.34
82.64
81.16
81.59
81.93
82.19
81.9

81.95
82.09
82.23
82.48
82.54
82.26
82.22
81.79
81.89
81.62
79.76
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1984:04
1984:05
1984:06
1984:07
1984:08
1984:09
1984:10
1984:11
1984:12
1985:01
1985:02
1985:03
1985:04
1985:05
1985:06
1985:07
1985:08
1985:09
1985:10
1985:11
1985:12
1986:01
1986:02
1986:03
1986:04
1986:05
1986:06
1986:07
1986:08
1986:09
1986:10
1986:11
1986:12
1987:01
1987:02
1987:03
1987:04
1987:05
1987:06
1987:07
1987:08
1987:09
1987:10
1987:11
1987:12

539.2
542.5
547.3
546.9
548.9
551.5
548.3
553.8
558.5
562.9
569.3
572.2
575.7
582.5
590.9
595.8
604.8
611.4
614.1
619.9
626.3
628.9
625.2
634

641.2
651.7
661.3
670.8
680.5
687.4
694.9
706.4
725.4
731.4
731.3
734.2
744.7
746.5
742.1
743.6
746.5
747.5
756.2
752.7
750.8

9.69
9.9
9.94
10.13
10.49
10.41
9.97
8.79
8.16
7.76
8.22
8.56
799
7.56
7.01
745
7.1%
7.08
1.17
7.2
7.07
7.04
7.03
6.59
6.06
6.12
6.21
5.84
5.57
5.19
5.18
5.35
5.49
5.45
5.59
5.56
5.76
5.75
5.69
5.78

6.32
6.4

5.81
591

1.279409
1.294295
1.303823
1.323976
1.303386
1.314347
1.318768
1.316309
1.320152
1.323840
1.352994
1.383423
1.364899
1.375668
1.367309
1.352440
1.357327
1.370239
1.366522
1.376514
1.394904
1.406577
1.403494
1.400894
1.387518
1.375338
1.389704
1.380518
1.388309
1.387071
1.388309
1.386052
1.379799
1.360319
1.333884
1.319213
1.318923
1.341194
1.338549
1.325813
1.325571
1.315280
1.309495
1.316109
1.307433

19.37
18.87
78.38
17.74
19.04
78.88
78.82
78.71
18.91
19.12
11.9]
76.06
76.28
157

75.93
76.07
75.52
74.92
74.16
73.23
72.09
71.33
70.88
70.65
71.21
71.49
70.8

70.84
70.15
70.22
70.2

70.55
70.74
71.06
72.29
72.94
72.5¢
71.14
71.57
72.57
72.52
72.75
73.01
71.84
71.84
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Appendix B

The following tables report the forecast error decompositions for the macroeconomic
vanables of Model 1, containing the U.S./Canadian exchange rate. Only selected months for
two years are presented. The fcllowing graphs present the impulse response functions for the
macrocconomic variables of Model 1.



Table B.1: Decomposition of Variance on U.S. Money Supply.

Step Stan USM1 CDNM1 TBU US/CDNTBI CPI AGEX FPI
Error

1 1.94737 100.00 .00 .00 .00 .00 .00 .00 .00

2 2.52351 94.60 .61 3.04 .59 .26 A8 .00 .67

3 2.66889 90.48 1.59 2.87 1.69 51 .57 S0 1.78

4 2.71800 89.56 1.71 2.91 1.64 73 .55 1.03 1.82

8 299090 75.15 $.73 4.12 1.80 1.75 .96 2 SR}

12 3.10459 71.23 5.97 5.42 1.91 2.37 1.47 S8 9.01

16 3.15660 70.47 6.07 5.39 1.91 2N 1.55 .06 8.79

20 3.17622 69.85 6.24 5.51 1.97 2.85 1.56 3.16 R.R2

24 3.18695 69.48 6.33 5.55 1.96 2.87 1.58 3.24 8.97
Table B.2: Decomposition of Variance on Canadian Money Supply.

Step Stan USM1 CDNMI TBU US/CDNTBI CPI AGEX FPI
E:ror

1 .199003 5.38 94.61 .00 .00 .00 .00 .00 .00

2 213525 5.28 8434 492 2.33 1.76 44 38 .51

3 .239738 5.10 69.14 487 6.98 12.14 A4l 40 92

4 .246580 4.97 6540 8.33 7.15 12.07 .61 47 9

8 .281645 12.01 51.09 11.81 7.66 9.69 331 2.202.19

12 297725 14.76  46.77 10.89 7.22 10.06 323 4.382.65

16 307727 1418 45.16 11.39  7.07 9.99 3.30 4.514.36

20 309952 14.24 4464 11.72 7.06 9.99 3.27 4.554 .48

24 311342 1433 44.32 11.81 7.05 10.03 3.28 4.694 .46

Table B.3: Decomposition of Variance on U.S. Interest Rate.

Step Stan USM1 CDNMI TBU US/CDNTBI CPI AGEX FPI
Error

1 533284 322 193 99.48 .00 .00 .00 .00 00

2 .605219 9.79 2.98 83.55 .04 .07 15 .23 3.16

3 .640727 1295 3.04 77.89 .05 .21 18 42 5.23

4 .661378 12.27 3.20 74.57 12 .90 .12 .53 7.64

8 726756 11.64  6.9] 69.98 1.20 1.53 .95 .90 6.%6

12 749514 12.19 7.68 67.07 1.17 2.62 .98 1.5] 6.74

16 .760019 12.19 8.17 65.94 1.56 2.68 1.07 1.53 6.54

20 763756 12.17 8.34 65.40 1.56 2.79 1.08 1.72 6.90

24 766146 12.20 8.40 65.23 1.58 2.%4 1.08 1.74 6.5




Table B.4: Decomposition of Variance on U.S./Canadian Exchange Rate.

Siep Stan USM1 CDNMI TBU US/CDN TBI Cri AGEX FPI
krror
] .0085 .366 .252 4.15 95.22 .000 .00 .000 .000
? 0095 3.78 .697 15.36 717.86 .660 1.26 .026 332
3 0096 in .802 15.1] 71.28 .920 1.35 .255 .555
4 .009% 3.75 987 14.71 75.05 1.55 2.m 1.25 .668
b 0105 4.74 2.27 15.00 65.23 4.70 2.30 349 2.23
12 0109 5.88 2.86 15.15 62.22 5.03 2.83 3.39 2.59
16 0110 6.14 3.59 15.00 60.86 5.23 2.86 3.58 2.70
20 0110 6.35 .59 14.94 60.43 5.35 2.89 3.69 2.1
24 0111 6.45 3.63 14.95 60.18 5.35 291 in 2.n
Table B.S: Decomposition of Variance on Canadian Interest Rate.
Step Stan USM]1  CDNMI1 TBU US/CDNTBI Cpl AGEX FPI
Error
1 378469 3.83 9] 30.89 10.11 54.25 .00 .00 .000
2 483274 6.87 3.98 42.49 8.83 34.40 1.26 1.31 835
3 526068 8.67 5.56 36.27 7.46 29.06 1.47 2.95 8.53
4 .553354 10.15 5.15 32.84 7.38 27.43 1.83 2.82 12.36
8 624044 11.50 4.87 35.79 8.98 23.33 1.85 2.72 10.93
12 .638673 11.78 4.98 35.82 8.75 22.89 1.95 3.10 10.68
16 644924 12.42 5.06 35.46 8.65 22.59 1.97 3.07 10.73
20 647236 12.44 5.15 35.29 8.60 22.51 2.00 3.15 10.81
24 648286 12.47 5.26 35.22 8.60 22.47 2.00 3.15 10.80
Table B.6: Decomposition of Variance on CPI.
Step Stan USM]1  CDNMI1 TBU US/CDNTBI CPI AGEX FPI
Error
1 216795 82§ .003 .031 .038 .012 99.08 .000 .000
2 299836 451 192 385 .084 .469 97.71 024 .680
3 307691 524 289 1.097 .082 1.09 93.04 2.50 1.36
4 319651 714 339 2.920 151 1.30 87.91 5.38 1.26
8 342083 4.07 2.64 2.908 .891 2.04 79.07 6.66 1.69
12 351086 5.93 3.38 2.818 1.10 2.76 75.38 6.79 1.81
16 355378 6.24 3.35 2.960 1.10 3.29 73.81 7.05 2.17
20 357664 6.44 3.56 3.240 1.14 3.30 72.92 6.99 2.38
N 358384 6.49 3.56 3.373 1.19 3.30 72.63 6.99 243
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Appendix C
The following tables report the test results, forecast error dccompositions and impulse

response functions for the macroeconoinic variables of Model 2, containing the G10 exchange
rate ‘ndex. Only selected months for two years are presented for the variance decompositions.
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Table C.1: Model 2 Tests for Lag Length

109

l.ags Chi-Square Significance Level Decision®
6 vs S (64) = 120.08 .00001
7 vs b (64) = 86.29 03317 reje.. 6
¥ ovs 7 (64) = 61.50 .56555 accept 7
* 95 per cent confidence level
( ) rcpresent degrees of freedom restriction

5 kale C.2: Model 2 Summary Statistics
Fquation R” R* D-W SSR SSE Q(39) Sig Level
G10 .4297 .1170 2.001 11.39 .790 43.74 2772
USMI1 .6207 4128 2.034 743.7 2.43 23.52 9762
CDNM1 5735 3396 1.946 7.886 252 25.62 9512
TBUS .5366 .2825 2.038 54.61 .664 31.08 .8130
TBI .6616 .4760 1.994 27.76 473 32.36 .7651
CPI .6982 .5327 1.996 9.174 272 31.04 .8143
AGEX .7786 6572 2.032 8E+11 83162 69.19 0025
FPI 4828 1991 2.016 616.9 2.23 38.23 .5048




Table C.3: Model 2 Significance of Lags
l.agged Variables

110

DependentG10 USM1 CDNMI1 TBUS TBI CPI AGFX  FPI
Variable
GI10 .0126° .3804 .9593 1155 6796 5537 0776 268
(2.689) (1.077) (.283K) (1.698) (.6909) (.8432) (1.584) (1.65})
USMI -.8606 0.0* .0278* .0381° 9602 9637 .7984 03145
(.4616) (11.954) (2.344) (2.206) (.281) (.272) (.546) (2.250)
CDNM1 8440 .0072¢ .0145¢ .0232¢ .00001* 1054 6876 .3746
(.4850) (2.929) (2.627) (2.424) (5.910) (1.741) (.6814) (1.089)
TBUS X440 .0204¢ 0061° 1181 1736 9915 6692 0565
(.4349) (2.479) (2.999) (1.699) (.577) (.165) (.703) (2.029)
TBI .1818 0047 .0013* .00008* 1734 .6589 .0547 0257
(1.476) (3.108) (3.662) (4.83:) (1.500) (.7156) (2.043) (2.378)
Cpl .8642 .6927 4390 .0661 2373 .0000° 1370 .554]
(.4563)  (.6753) (.9937) (1.958) (1.339) (17.41) (1.615) (.8426)
AGEX  .5513 1297 3163 4762 .1658 9176 .0000° 1920
(.8462) (1.642) (1.185) (.9429) (1.521) (.3712) (23.53) (1.449)
FPI 3115 .3801 .5270 .1029 1709 .9940 .1052 .5455
(1.193) (1.080) (.8767) (1.752) (1.507) (.1476) (1.742) (.8535)
* = do not accept HO: lags are not significantly different from zero.
Table reports the F statistics in brackets.
Table C.4: Model 2 Covariance/Correlation Matrix
Variable G10 USM1 CDNMI1 TBUS TBI CPI AGEX  FPI
G10 4010 .0028 -.0502 -.0660 -.2232 0876 - .0608 -.0714
USM1 .0034 3.807 2367 -.0709 -.1977 .0812 0938 0067
CDNM1 -.0064 .0933 .0409 .0249 .0319 0090 -.1149 -.0440
TBUS -.0222 -.0736 0027 .2830 5760 .02 1315 0976
TBI -.0536 -.1463 .0024 1162 1437 -.0050 .2059 1005
CPI .0121 0345 .0004 .0027 -.0004 0475 1091 17175
AGEX  -2567.5 12193. -1548.2 4662 5204.5 1585.6 A4F + 10 .0947

FPI -.0808 0235 -.0159 .092¢8 .0682 .0692 11284,

3.196
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Table C.S: Decomposition of Variance on G10 Exchange Rate.
Siep Stan Glo USM1  CDNMI TBU TBI CPl AGEX FPI

brror
| 633229 100.00 .00 .000 00 .000 .000 .000 .000
? 676791 90.95 1.67 .033 5.30 916 .582 .526 .008
3 693313 X7.16 1.71 .675 5.30 1.66 .602 546 2.32
4 714413 ¥2.3S 1.62 .636 5.18 3.05 1.52 2.4 3.37
ht 790479 69.52 3.2 1.51 6.50 431 2.10 4.98 7.85
12 Bl69Z) 65.64 3.78 1.78 6.94 5.02 2.85 4.88 9.08
16 824912 64.66 3.85 2.15 7.03 5.23 2.87 4.97 9.20
20 H28287 64.18 4.00 2.21 7.04 .37 2.89 5.04 922
24 829808 64.00 4.09 2.22 7.07 5.36 2.90 5.04 9.28

Table C.6: Decomposition of Variance on U.S. Money Supply.
Step Stan Glo USM1 CDNMI] TBU TBI CPI AGEX FPI

Error
! 1.95103 .001 99.99 .000 .000 .000 .000 .000 .000
2 2.53774 242 95.30 .567 3.23 .052 222 .000 375
R} 2.65799 753 91 95 1.70 3.06 137 .609 .495 1.27
4 2.70748 .7177 90.v0 1.73 3.04 S72 .604 1.19 1.41
8 2.97924 1.09 75.83 5.42 4.22 1.98 1.15 1.31 8.97
1? 3.09513 1.42 71.63 5.68 5.58 2.86 1.61 2.34 8.84
16 3.14859 1.60 70.56 5.80 5.63 3.20 1.61 2.88 8.68
20 3.16801 1.6] 69.94 5.99 5.70 3.47 1.60 2.98 5.66
24 3.17788 1.62 69.60 6.09 5.73 3.49 1.61 3.04 8.78

Table C.7: Decomposition of Variance on Canadian Money Supply.
Step Stan G10 USM1  CDNMI TBU TBI CPI AGEX FPI

Error
1 202133 .252 5.60 94.13 .00 .00 .000 .000 .000
J 215059 .688 5.50 85.05 495 3.07 403 183 .162
3 239773 2.03 5.41 70.23 4.77 16.27 .436 178 .648
4 246884 2.43 5.31 66.27 8.15 16.22 .614 .270 .720
8 282101 3.47 12.95 51.77 11.73 12.97 3.14 1.91 2.02
» 297578 3.56 15.19 47.67 10.94 12 55 3.01 4.55 2.40
16 307449 3.57 14.55 46.01 11.35 1..64 3.08 4.73 4.03
A\ 309763 3.60 14.66 45.45 11.67 12.68 3.06 4.7? 4.12
M 311235 3061 14.72 45.12 11.78 12.72 3.06 4.86 4.10
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Table C.8: Necomposition of Variance on U.S. Interest Rate.
Step Stan G10 USM1  CDNMI TBU TBI CPI AGEX FH
Error

1 531945 435 .500 15859 94.90 .000 .000 .000 .000
2 605762 .669 9.75 3.19 82.63 074 102 325 RIPX)
3 642897 .743 12.81 3.4 76.91 .481 146 631 4.83
4 663748 926 12.13 3.43 73.82 1.37 767 873 6.65
8 726345 1.50 11.64 6.9 69.52 2.21 1.04 1.00 6.14
12 749561 1.48 12.11 7.70 66.65 3.3 1.06 1.53 0.07

16 .760259 2.00 12.05 8.23 6544 350 l:lJ 1.54 6.08
20 764020 2.0l 12.05 8.39 64.86 3.64 1.15 1.N 6.15
24 766960 2.07 1206 8.46 64.63 in 1.14 1.75 6.13

Table C.9: Decomposition of Variance on Canadian Interest Rate.
Step Stan GIC USM1 CDNMI1 TBU TBI CPIl AGEX FPI

Error
1 379287 4.98 31.88 .482 2998 00.66 .00 .00 .00
2 489069 5.63 7.20 3.9 4]1.10 38.22 1.32 1.41 1.18
3 531395 4.87 8.88 6.28 35.24 32.38 1.57 2.67 8.07
4 557826 4.45 10.21 6.00 32.08 31.22 2.04 2.4 11.51
8 .624551 4.24 11.37 5.92 35.30 28.19 2.23 2.40 10.32
12 .638973 4.4 11.55 5.90 35.53 27.55 2.27 2.70 10.06
16 .645589 4.47 12.13 6.03 35.18 27.08 < 27 2.70 10.10
20 .648038 4.47 12.17 6.08 35.00 26.91 2.29 2.77 10.27
24 .649158 4.50 12.18 6.13 34.92 26.86 2.29 2.76 10.27

Table C.10: Decomposition of Variance on CPI.
Step Stan G10 USM1 CDNMI TBU TBI CPl AGEX FPI
Error

1 .218018 .766 .654 .003 123 022 98.47 .000 .000
2 .298928 .956 .350 .203 319 598 96.70 067 .79%
3 307284 .924 .380 .298 .908 1.14 91 .91 2.82 1.61
4 319424 950 599 313 2.67 1.44 86.73 5.78 1.49
8

341617 1.51 3.86 2.7 273 1.77 78.26 1.17 1.96
12 350869 1.64 6.04 3.35 2.66 2.69 74.47 1.1% 1.94
16 .355500 1.64 6.38 3.30 2.98 3.22 72.72 7.27 2.45
20 357842 1.71 6.53 3.54 324 3.22 71.82 7.21 2.6%
24 358521 1.75 6.55 3.55 3.36 3.24 7156 7.2] 274




13

Table C.1.. Model 2 Decomposition of Variance on AGEX
Sicp Std G10 USM1 CDNMI TBUS TBI CPl AGEX FPI
Error

] 66659.0 .3610 .8821 2.088 1.976 3.410 .981 90.29 .000

2 105739. .1470 3767 2.083 5.167  8.382 1.579  80.97 1.296
3 109465. .2141 5322 1.959 5.326 12.629 1.699  76.15 1.486
4 110314, .5451 .5241 2.084 5.265 12.830 1.724 74.99 2.030
5 111915. 1.124 5385 2.107 5.774 12.574 1.899 73.18 2.799
6 113708. 1.271 7750 2.079 5.712 12.248 1.840 71.86 4.214
7 115231, 1.257 .9942 3.213 5.937 12.486 1.820 70.08 4215
8 118393. 1.198 2.34] 3.7712 6.783 12422 1840 67.38 4.259
9 120243. 1.161 2.630 3.689 6.581 13.163 2.044  66.58 4.1:>
10 121703. 1 146 2.585 3.635 6.439 13.558 2300 66.26 4.074
1] 122402. 1.1%3 2.556 3.594 6.671 13.524 2310  66.12 4.069
12 122626. 1.149 2.731 3.615 6.653 13.530 2346 65.89  4.080
13 123150. 1.167 3.099 3.604 6.597 13.687 2.350 65.36 4.135
14 123845, 1.167 3.169 3.578 6.957 13.541 2.353 64.79 4.447
15 124426. 1.159 3.182 3.576 7.317 13.555 2.335 64.25 4.623
16 124628. 1.198 317 3.629 7.338 13.622  2.347 64.05 4.649
17 124716, 1.227 3.199 3.638 7.328 13.646  2.351 63.96 4.655
18 124792. 1.228 3.197 3.638 7.319 13.632 2444  63.88  4.659
19 124848. 1.229 3.195 3.675 7.314 13.620 2.467 63.8¢  4.664
20 124903. 1.240 3.192 3.743 7.307 13.611 2466 63.78  4.661
2] 125009. 1.263 3.246 3.766 7.343 13.591 2.463 63.67  4.656
22 125093. 1.265 3.275 3.762 7.397 13.583  2.466 63.60 4.650
23 125149, 1.264 3.275 3.760  7.410 13.590 2.479  63.57 4.652
24 125168. 1.274 3.279 3.760 7.411 13.592 2480  63.55 4.653

Table C.12: Model 2 Decomposition of Variance on FPI
Step Std G10 USM1 CDNMI TBUS TBI CPI AGEX FPI
Error

] 1.78785 .S097 0048 .2569 9197 2249 3.247 1980 94.64
2 1.85112 3.465 .2748 .3638 .8935 2.774 3.159 4813 88.59
3 1.89890 4.164 1.203 3524 2484 4038 3.026 5454  84.19
4 1.97767 3.883 1.613 .3817 6.372 5.512 2.892 1.486 77.86
5 2.00919 3.801 2.037 7228 7.601 5.391 3.272 1.440 75.73
6 2.04852 3.601 2.525 8771 8.347 5.289 3.150 1.433 74.72
7 2.09712 3.523 3.829 .8381 8.649  6.230 3.284  2.332 71.31
‘ 2.11515 3.85S 4.109 £518 8.502 6.233 3.257 2.945 70.25
9 2.13314 3.806 4,349 1.005 8.819 6.185 3.213 3.548 69.08
0 213833 3.840  4.583 1.055 8.792 5.161 3.217 3.531 68.76
11 2.15193 4.278 4.801 1.043 8940 6.227 3.283 3.503 67.92
[N 7.15426 4.289  4.867 1.094 8929 6.215 3.304 3.512 67.79
13 2.16399 4.263 5.136 1.136 9.026  6.402 3.292 3.558 67.19
14 2.17349 4.253 5.460 1.197 .188 6.346 3.387 3.527 66.64
N 2.17877 4..34 5.443 1.191 9.237  6.331 3.387 3.633 66.54



16
17
18
19
20
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23
24

2.18216
2.18420
2.18812
2.18912
2.19268
2.19565
2.19700
2.19871
2.19984

4.223
4.226
4.300
4.296
4.284
4.273
4.269
4.262
4.258

5.575
5.611
5.617
5.612
5.697
5.849
5.847
5.870
5.927

1.188
1.217
1.213
1.222
1.220
1.238
1.251
1.280
1.290

9.217
9.211
9.196
9.223
9.279
9.259
9.288
9.316
9.309

6.325
6.355
6.380
6.411
6.391
6.434
6.427
6.417
6.412

3.
3373
3.361
3.358
3.359
3.358
3.366
3.360
3.369

371
3.743
3.780
1,776
1080
3.774
3.1
3.804
3.809

66.38
66.26
66.15
66.10
65.99
65.82
65.78
65.69
65.63
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Figure C.8 Response of U. S. Interest Rate to Shocks in Agricultural Variables.
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Figure C.14 Response of Agricultural Exports to Shocks in Agricultural Variables.
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Shock to U.S. Interest Rate
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Figure C.15 Response of Agricultural Prices to Shocks in Macroeconomic Variables.
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Figure C.16 Response of Agricultural Prices to Shocks in Agricultural Variables.



Appendix D

The following tables report the forecast error decompositions for the macr »conomic
variables of Model 3. Only selected months for two years are presented.
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Table D.1: Decomposition of Variance on U.S. Money Supply.
Step Stan USM1 CDNM1 TBU US/CDNTBI CP1 AGEX FPI

Error
1 2.19858 100.00 .000 .000 .0000 .0000 .000 .0000 .000
2 2.38139 96.45 710 1.93 1758 .0019 518 .0030 .199
3 2.50204 94.47 1.57 2.19 .3386 .0470 718 .2506 393
4 2.51918 9299 1.56 2.29 5312 1255 119 .3844 .389
8 2.64676 ->.91 3.60 2.9] .8804 .4929 1.25 .4002 4.52
12 2.66748 85.12 3.63 3.01 9155 .6053 1.4] 5330 4.5
16 2.67736 84.83 3.69 3.02 .9101 6224 1.46 .6989 4.75
20 2.67916 84.75 KD 3.03 9169 .6248 1.46 .7147 477
24 2.67967 84.73 3.7 3.04 9174 .6258 1.46 .7198 4.7%

Table D.2: Decomposition of Variance on Canadian Money Supply.
Step Stan USM1 CDNMI TBU US/CDNTBI CPl AGEX FPI

Error
1 225875 3.06 96.93 .00 .00 .00 .00 .000 .000
2 232635 3.24 92.86 1.57 1.33 40 .09 .386 .088
3 241656 3.52 86.26 2.44 3.86 3.12 17 .440 .163
4 245456 3.45 83.61 3.57 4.37 417 .18 .427 193
8 265664 7.80 72.19 5.92 4.73 4.29 2.19 2.05 807
12 270249 8.75 70.01 6.27 4.70 4.39 2.28 2.66 .898
16 272402 8.81 69.17 6.61 4.68 4.38 2.35 2.76 1.19
20 272577 8.82 69.10 6.63 4.68 4,38 2.35 2.78 1.22
24 272642 8.82 69.07 6.64 4.69 4.38 2.36 2.79 1.22

Table D.3: Decomposition of Variance on U.S. Interest Rate.
Step Stan USM1 CDNMI TBU US/CDN [ BI CPI AGEX 1Pl

Error
1 571681 1.45 317 98.22 .000 .000 .000 .000 .00
2 634460 2.57 2.144 93.94 120 .081 .000 .003 1.13
3 .646947 3.60 2.845 90.75 .283 .250 .002 .005 2.25
4 .658562 3.48 2.747 88.96 422 522 .058 .052 3.74
8 698066 4.17 4.448 85.79 931 693 211 .224 3.51
12 704636 4.54 4.517 84.98 926 .743 241 .435 3.60
16 .706834 4.57 4.603 84.67 980 .746 .259 473 3.69
20 707553 4.57 4.635 84.59 .979 .749 .262 .501] 3.70
24 .707747 4.57 4.643 84.57 .980 149 .264 .506 3.70
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Table D.4: Decomposition of Variance on U.S./Canadian Exchange Rate.
Step Stan USM1 CDNM1 TBU US/CDNTBI CPI AGEX FPI

Error
| .009148 707 204 2.59 96.49 .000 .000 .000 .000
2 .009863 1.26 .596 5.65 91.37 .001 .788 127 197
3 009902 1.25 .691 5.63 90.68 143 .887 475 225
4 .009949 1.24 .685 5.60 89.82 .636 1.05 .606 .350
] 010341 1.65 1.85 5.85 83.65 2.08 1.77 1.80 1.31
12 010459 2.06 2.17 6.19 82.03 2.22 1.86 1.90 1.53
16 .010483 2.23 2.27 6.20 81.68 2.25 1.86 1.93 1.54
20 .010490 2.25 2.28 6.23 81.58 2.26 1.86 1.95 1.54
24 010491 2.26 2.29 6.23 81.56 2.26 1.86 1.96 1.55

Table D.S: Decomposition of Variance on Canadian Interest Rate.
Step Stan USM1 CDNMI1 TBU US/CDNTBI CPI AGEX FPI

Error
1 428137 6.67 540 24 .91 8.6] 59.25 .000 .00 .000
2 506010 4.78 3.38 30.38 7.67 51.13 564 1.15 909
3 529760 4.52 5.54 29.42 7.00 47.51 .689 1.41 3.87
4 .542490 4.42 6.46 28.32 7.05 45.30 .708 1.34 6.37
8 574447 5.00 6.27 29.27 9.42 40.73 774 1.63 6.89
12 580631 S5.17 6.30 30.02 9.30 39.87 .786 1.74 6.78
16 582430 5.31 6.32 30.07 9.25 39.65 .798 1.73 6.82
20 582825 5.32 6.33 30.09 9.24 39.61 .798 1.75 6.83
24 582928 5.32 6.34 30.09 9.24 39.60 .799 1.75 6.83

Table D.6: Decomposition of Variance on CPI.
Step Stan USM1 CDNMI1 TBU US/CDNTBI CPIl AGEX FPI

Error
1 243758  .335 .005 152 278 .098 99.12 .000 .000
2 281246 257 .014 .268 459 .091 98.79 .096 .015
3 286413 353 137 .350 .444 .090 96.96 1.55 .099
4 291897 491 242 920 501 128 94.32 3.29 096
8 .301626 2.63 1.00 1.00 .736 319 89.51 4.38 .401
12 303624 3.25 1.17 1.14 .744 .405 88.42 4.43 412
16 304124 3.36 1.20 1.14 753 419 88.16 4.45 .485
MY 304334 3.39 1.22 1.17 753 422 88.05 4.46 S12

RE} 304379 3.40 1.22 1.17 754 423 88.03 4.46 514




