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Abstract

Resource Rents and their Impact on Institutional and Economic Development:
Long Run Evidence from Canada’s Natural Resource Industries

Over the twentieth century Canada’s energy, forestry, and mining industries played a substantial

and increasing role in the growth and development of the aggregate economy. Despite the improv-

ing fundamentals that were underlying their increased contributions to the size, capital intensity,

and productivity of the aggregate economy, the relative profitability and equity market perfor-

mance of the resource industries deteriorated over the twentieth century. Without having to invoke

entrepreneurial failure among the resource industries or equity market inefficiency, I am able to

illustrate that falling relative output prices played the key role in a reconciliation of what, at first

glace, appears to be a surprising relationship between the resource industries’ fundamentals, re-

source rents, and equity market performance.

J.E.L. Classification: N22, N52, Q20, Q32.



1 Introduction

Economic growth based on the extraction and processing of natural resource endowments has been,

and continues to be, one of the most common development paths pursued by nations seeking to

achieve rapid and sustained increases in average income levels. What makes resource based growth

so attractive is the potential generation of economic profit in the form of aggregate resource rents.

As the return to a fixed factor, resource rents may contribute directly to per capita income growth.

The possibility that inputs may receive payments in excess of their opportunity costs in resource

extraction and processing industries draws labor and capital to these activities, contributing to

extensive growth, while simultaneously generating demand spill-overs in non-resource intensive

manufacturing and service sector production, including financial intermediation services. One of

the problems with the pursuit of resource rents during the development process is the potential

for market distortions introduced by these efforts. Among these distortions include the diversion

of labor and capital away from higher productivity employment in more sustainable industries

that are not dependent on a depleting natural resource endowment, the weakening of competitive

pressures within input markets, including equity markets, and sub-optimal extraction, processing

and technological decisions within the resource industries themselves.1

Canada provides us with an example of a resource intensive economy that has successfully de-

veloped into a wealthy, diversified, urbanized, and industrialized nation over the twentieth century.

During the first quarter of the twentieth century, industries engaged in the extraction and process-

ing of Canada’s energy, forest, and mineral endowments employed 15.6% of the fixed capital in the

economy and 14.1% of the labor, they produced 18.5% of the physical output, and they enjoyed

labor productivity that was 32.9% higher and total factor productivity (T.F.P.) that was 24.9%

higher than the national average. By the last quarter of the twentieth century these producers

were employing 20.0% of the fixed capital in the Canadian economy and 7.1% of the labor, they

were responsible for 19.4% of the physical output, and their labor productivity had risen to be

more than 2.7 times the national average, while their T.F.P. was 53.1% higher than that enjoyed

by the aggregate economy. If we confine our attention to the economic fundamentals that describe

the inputs employed, the output produced, and the efficiency of their economic activities, then

Canada’s resource industries appear to have been both large and successful participants in the

domestic growth process between 1900-1999.

Given their capital intensity, it is not surprising to find that the energy, forestry, and mining

1



industries have played a substantial role in the establishment and growth of the largest formal equity

market in Canada - the Toronto Stock Exchange (T.S.E.). Although it is not possible to provide

exact annual figures, on average between 1900-1924 energy, forestry, and mining firms comprised

approximately 45% of the total capitalized value of all the firms listed on the T.S.E.. Between

1975-1999 these firms’ share of the composite index had fallen to just 27.3%. Because this decline

in their share of the aggregate value of the firms listed on the T.S.E. may reflect nothing more than

the increasing wealth, diversification, and industrialization one might hope to find in the wake of

successful resource based growth, it is perhaps more surprising to note that on average over the

twentieth century the prices for the resource industries’ common shares fell by nearly 1% per year

relative to the composite market. If we remove the energy, forestry, and mining companies from the

T.S.E. composite index, then the contrast is even more dramatic - common share prices for non-

resource intensive producers included in the T.S.E. composite increased at an average annual rate

of 4.8% between 1900-1999, while the resource intensive producers’ common share prices increased

at an average annual rate of just 2.9% per year over this same period.

Because we can identify such substantial and persistent increases in their scale of production,

their capital intensity and their productivity, at first glance it is surprising to find that Canada’s

resource industries’ twentieth century equity market performance was deteriorating relative to non-

resource intensive producers. Equity market inefficiencies and/or poor decision making among the

resource industries’ entrepreneurs could account for this apparent discrepancy among performance

indicators. Some commentators have long argued that the small, insular nature of the Canadian

equity market fostered information asymmetries and effectively muted competitive pressures, lead-

ing to price distortions and forcing many domestic firms to seek foreign, or less formal sources

for their capital.2 Others have suggested that Canada’s resource intensive producers have been

particularly prone to ineffective entrepreneurial decision making with respect to extraction and

processing patterns, and their technological choices.3

In this paper I describe the results from an empirical investigation that has been based on

the predictions proposed by theories of optimal resource extraction and efficient financial market

operations. The results suggest that the apparently contradictory long run performance indicators

for Canadian energy, forestry, and mining industries are actually consistent with optimal resource

extraction patterns and the operation of an efficient and competitive domestic equity market. The

pursuit of resource rents does not appear to have distorted or retarded the development of the

Canadian economy or the domestic equity market. The key to reconciling the resource industries’
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improving fundamentals and deteriorating equity market performance, without having to invoke

market inefficiencies or entrepreneurial failure, lies in a consideration of the relationship between

resource prices, the economic fundamentals, and resource rents, on one hand, and resource rents

and equity market performance, on the other. The identification of output prices as the key variable

is not only consistent with the predictions made by resource and finance theories, but also with

results reported in other empirical work on the determinants of Canadian resource industries’ equity

market returns.4

The empirical investigation proceeds in three stages, all of which use the aggregate Canadian

economy as a benchmark to judge industry performance. In the first stage I employ a series of

industry and sector specific reduced form estimating equations to quantify the strength of the

connections linking Canadian resource rents to the variables that resource theory suggests should

be important determinants of these rents, if extraction and processing decisions are being made

optimally. In the second stage I estimate a series of industry and sector specific multi-factor capital

asset pricing models (C.A.P.M.) to identify connections linking the equity market performance of

Canadian resource industries to unanticipated changes in resource rents. In the third and final

stage of the empirical exercise I again estimate a series of equations based on industry and sector

specific multi-factor C.A.P.M. models. However, in this stage I am interested in the connection

between equity market performance and the determinants of resource rents, as identified in the

first stage of my investigation, rather than the rents themselves - I include unanticipated changes

in productivity, capital intensity, scale, and output prices directly in the multi-factor C.A.P.M.

equations.

The empirical exercise and resultant conclusions described in this paper are not purely a matter

of historical interest, nor are they necessarily regionally specific. The results illustrate the nature

of the relationships that one might expect to find among equity market development, resource

rents, and economic fundamentals over a long time period in an economy that is successfully

pursuing a resource based development path. While drawing some general conclusions about the

pursuit of resource rents and the potential for effective decision making on equity markets and

among the resource industries, we may simultaneously expose some of the predictions of natural

resource and finance theories to high quality, long run empirical evidence. This exposure allows

us to investigate the relevance of these predictions in a resource based economy over much of its

development trajectory.
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2 Data

It would be possible to conduct an empirical investigation employing theoretical models describing

connections between equity market performance, profits, and economic fundamentals using any

number of industries, geographic regions and time periods. I confine my investigation to producers

engaged in the extraction and processing of resource endowments because they have traditionally

been very active participants on equity markets, their output products are sold on competitive

international markets, and resource rents provide a feasible, quantitative measure of their prof-

itability.

Canadian resource industries are a particularly valuable case study not only because data of

sufficient quality and quantity exists for a detailed and long run empirical investigation, but also

because the continued resource intensity of the Canadian economy, coupled with its rapid and

persistent growth implies that much may be learned about performance in a nation successfully

pursuing resource based growth and development. Focusing on the entire twentieth century facili-

tates a long run perspective that spans multiple business cycles, thereby avoiding conclusions that

may be dependent on short and medium run resource booms and busts.

To undertake this investigation of the relationships linking Canadian resource industries’ long

run equity market performance to their resource rents and their fundamentals, I began by compiling

annual information covering the years 1900-1999 on a very wide range of variables, including bond

yields, common stock price indexes, the quantities, values and prices of inputs used and outputs

produced by Canadian energy, forestry, and mining industries, and similar quantity and price

information for the aggregate economy.5 To be considerably more specific, the data series employed

in my investigation include information on:

• Canadian G.N.P..

• Industry specific real output: measured as value added deflated by an industry specific output
price index.

• Real industry specific gross fixed capital: measured as the reported value of fixed capital.6

• Industry specific labor: measured as total employment.

• Industry specific output price indexes.

• G.N.P. deflator.

• Industry specific total factor productivity: measured as a Tornqvist weighted average of
partial factor productivities, with value added used as the output measure and average income
shares used as weights.
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• Industry specific aggregate resource rents: measured as value added less the opportunity cost
of labor and the opportunity cost of capital. I assume that the opportunity cost of labor
is total employment multiplied by the average annual labor income earned in non-resource
intensive manufacturing. I assume that the opportunity cost of capital is the nominal value
of net fixed capital times Moody’s AAA industrial bond yields.7

• Composite market common stock price index: measured as the T.S.E. 300 composite index
from 1956-1999, the T.S.E. composite market index from 1935-1956, the composite market
index adjusted to account for changes in the mining index from 1914-1935, and Giddeon
Rosenbluth’s (2005) reconstructed composite index, adjusted to account for changes in the
mining index from 1900-1914.

• Energy common stock price index: measured as the T.S.E. energy products index from 1956-
1999, the “Oil and Gas” index from 1926-1956, and the weighted average of annual high-low
quotations in the T.S.E. Annual Review for coal mines and petroleum firms from 1900-1926,
using capitalized values calculated in 1900, 1910, 1920 and 1926 as firm weights.

• Forestry common stock price index: measured as the T.S.E. forestry and paper products index
from 1914-1999, and the weighted average of annual high-low quotations in the T.S.E. Annual
Review for forestry and paper firms from 1900-1914, using capitalized values calculated in 1900
and 1910 as firm weights.

• Mining common stock price index: measured as the T.S.E. mines and minerals index from
1935-1999, and the weighted average of annual high-low quotations in the T.S.E. Annual
Review for all mining firms from 1900-1935, using capitalized values calculated in 1900, 1910,
1920 and 1926 as firm weights.8

• Government of Canada long term bond yields.9

• Moody’s AAA industrial bond yields.

• Canada-U.S. foreign currency exchange rate: measured as the average of the monthly average
rates.

My identification of energy, forestry, and mining industries follows the N.A.I.C.S. definitions

used by Natural Resources Canada in 2004.10 The decision to use contemporary industrial cate-

gories necessitated the reconstruction of industries from more disaggregate data for much of the

early part of the century. There were particularly dramatic reorganizations of industry categories

by the Dominion Bureau of Statistics and Statistics Canada in 1926, 1948 and 1982. Prior to

the existence of the Dominion Bureau of Statistics, which began operations in 1926, much of the

quantity, value and price data used in this study was only available from decennial Canadian Cen-

sus Reports and periodic publications by the Department of Forestry, the Bureau of Mines, the

Government of Canada Sessional Papers, and Canadian Year Books. For the series which had no

annual data published outside of the census years (1901, 1911, and 1921) interpolation was based on
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the methodological approach employed by Urquhart (1993) in his reconstruction of late nineteenth-

early twentieth century Canadian G.N.P.. To reduce some of the cross-sectional volatility in the

data series used in this study, and to facilitate a discussion of the experiences of the more broadly

defined natural resource sector as a whole, I have aggregated the industry specific series up to the

sectoral level using the proportion of total value added to weight each industry in the aggregation

process.11

Insert Table 1

The means and standard deviations for the variables employed in the empirical investigation

described in this paper are reported in Table 1. These summary statistics represent differences in

growth rates, with negative values - for example, output prices, resource rents, and stock prices -

indicating that the aggregate economy grew faster than the resource industries over the twentieth

century, and positive values - for example, T.F.P., labor productivity, physical output, and capital

intensity - indicating more rapid resource industry growth. To provide some structure and statistical

rigor to the assessment of the connections linking the series described in Table 1, I now turn to the

specification of an empirical approach comprised of reduced form equations based on some of the

predictions made by optimal resource extraction and finance theory.

3 Some Predictions from Resource and Finance Theory

When investigating the relationship between a sector’s equity market performance, their profitabil-

ity, and their economic fundamentals, it seems natural to be concerned about the exogeneity and

endogeneity of the variables of interest. Fortunately, theories of optimal resource extraction and

equity price determination provide considerable guidance in this regard.

We may begin by considering resource extraction costs, which are typically modeled as functions

of the standard cost determinants, taken from production theory, and the size of the resource stock

in situ.12 Depletion of the in situ stock is assumed to be positively related to extraction and

processing costs. Unfortunately, the estimation of Canadian energy, forest, and mineral in situ

stocks for each year between 1900-1999 is probably impossible and certainly beyond the scope

of this study. I do, however, have information on the standard determinants of extraction costs

proposed by production theory, including total factor productivity (T.F.P.), the scale of production,

and capital intensity.13 By including scale and capital intensity independently, T.F.P. may be

interpreted narrowly as a proxy for technological change in the determination of extraction costs.
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Resource extraction costs are relevant because of their role in the determination of resource

industry profits. Virtually all theories of optimal renewable and nonrenewable resource extraction

are based on an assumption that resource industries choose their extraction patterns to maximize

the present value of the stream of potential resource rents. The optimal extraction patterns, and

resultant rents, hinge on the trade-off between extraction costs and output prices.14 Because such

a large proportion of Canadian resource intensive production has traditionally been exported - pri-

marily to the United States - one might reasonably expect Canadian resource industries to consider

both domestic output prices and the Canada-U.S. exchange rate when assessing this tradeoff.15 Re-

source and production theories, therefore, suggest that we should expect aggregate resource rents

to be dependent on a set of economic fundamentals, including output prices, exchange rates, and

extraction costs, which in turn should depend on technological change, the scale of production, and

capital intensity.

To link equity market performance to these fundamentals I turn to the basic capital asset

pricing model (C.A.P.M.), which is founded on the notion that the expected rate of return on an

equity portfolio should be dependent on only the risk free rate of return and the market average

rate of return.16 In its basic form C.A.P.M. suffers from the fact that it is inherently static in

structure, it requires “two-fund separation” to hold, which requires either quadratic preferences or

normally distributed returns for all risky assets traded on the market, and it cannot embrace any

additional determinants of equity market performance, which we may wish to include to reflect

the possibility that investors hedge against future changes in their investment opportunities. In

an effort to address these shortcomings in the basic model, Ross (1976) introduced the arbitrage

pricing theory (A.P.T.), which generalizes the basic C.A.P.M. structure by admitting additional, or

supplementary explanatory variables. Estimating equations based on Ross’ theory are often called

K-factor, or multi-factor C.A.P.M. models.

In an effort to identify the relevant explanatory variables that we may wish to include in a

multi-factor C.A.P.M. estimating equation for Canadian resource industries we can turn to another

branch of finance theory - investment valuation techniques. To determine if firms are over or

under-valued on equity markets it is typical to compare capitalized values to the present value

of the stream of profits expected in the indefinite future.17 This approach implies that we should

expect resource industries’ equity market performance, which contributes directly to the capitalized

value of the industry, to be dependent on their ability to generate economic profits, or resource rents.

In a multi-factor C.A.P.M., therefore, we should expect industry or sector specific equity market
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returns to be a function of not only the risk free rate of return and the composite market rate of

return, but profitability and/or the determinants of profitability, as well. Of course, in an efficient,

competitive equity market, anticipated changes in profitability should already be fully reflected in

equity prices. This implies that we are more specifically interested in the relationship between

equity market performance and deviations from expected profitability and/or its determinants.

Variants on the multi-factor C.A.P.M. approach, and its implicit distinction between the en-

dogeneity of equity market returns and the exogeneity of the economic fundamentals and output

prices, have been employed to study Canadian resource industries in a range of empirical settings.

Sadorsky (2001), and Sadorsky and Henriques (2001) have used multi-factor C.A.P.M. models to

explain the late twentieth century equity market performance of Canadian energy and forestry

industries, respectively.18 Slade and Thille (1997) have developed a structural model that formal-

izes the connections that are implicit in Sadorsky’s multi-factor C.A.P.M. approach. Their model

explicitly links the multi-factor C.A.P.M. structure to the Hotelling Rule’s (1931) predictions re-

garding the determinants of resource rents in the presence of optimal resource extraction, and their

empirical exercise tests their model using data from Canadian copper mines.

From a theoretical perspective it seems reasonable to propose a multi-factor C.A.P.M. approach

in which changes in twentieth century Canadian resource industries’ common stock prices may be

considered endogenous, while risk free rates of return, market average rates of return, and, through

their impact on resource rents, unanticipated movements in the economic fundamentals, including

output prices, foreign exchange rates, productivity performance, output levels, and capital intensity,

may be considered exogenous.

4 An Empirical Investigation in Three Stages

In an effort to understand the role played by Canadian resource prices in the reconciliation of the

resource industries’ seemingly contradictory twentieth century economic contributions - namely,

improving productivity, increasing scale, and increasing capital intensity, coincident with deterio-

rating equity market performance - I employ an empirical approach that proceeds in three distinct

stages. In the first stage I investigate the determinants of resource rents, as identified in theories

of both renewable and non-renewable optimal resource extraction. In particular, I assume that

between 1900-1999 changes in resource rents relative to G.N.P. for Canadian energy, forestry, and

mining industries were dependent on changes in the determinants of extraction costs and output

prices. The determinants of extraction costs that I consider include changes in relative T.F.P. (and
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its lags), capital intensity, and the scale of production. Lagged T.F.P. is included in the estimating

equations to allow for a period of adaptation during which new technologies may be integrated into

the resource industries’ existing production processes. In addition to the determinants of extraction

costs, I consider industry specific output prices relative to the G.N.P. deflator, and changes in the

average Canada-U.S. exchange rate. The estimating equations in the first stage of my empirical

investigation take the form:

∆Rentshit = β0i + β1i

∑n=3

n=0
∆RelAi(t−n) + β2i∆Qshit

+β3i∆KLshit + β4i∆RelPit + β5i∆CUXt + ε1it (1)

Where: i = natural resource sector, energy, forestry, mining; t = 1900 - 1999 (annual); ∆Rentsh =

% change in industry specific resource rents as a share of G.N.P.; ∆RelA = % change in industry

specific T.F.P. relative to aggregate T.F.P.; ∆Qsh = % change in industry specific real output

as a share of aggregate real output; ∆KLsh = % change in industry specific capital/labor ratio

as a share of aggregate capital/labor ratio; ∆RelP = % change in industry specific output price

relative to G.N.P. deflator; ∆CUX = % change in Canada-U.S. average annual exchange rate;

βX = parameters to be estimated; ε1 = regression residual. Given the predictions of resource

theory and standard production theory, as well as the results reported by Slade and Thille (1997,

Table 3), we should expect technological change, increases in the scale of production, increases in

capital intensity, increases in relative prices, and currency appreciation to have had a positive and

significant impact on resource rents.

In the second stage of my investigation I estimate a series of sector and industry specific multi-

factor C.A.P.M. equations in an effort to identify a connection between resource rents and equity

market performance. In these equations the prediction that unanticipated changes in resource in-

dustry profitability should be a significant determinant of equity prices, as proposed by basic finance

theory, can be probed by introducing deviations from expected changes in resource rents relative to

G.N.P. as a supplementary explanatory variable into the basic C.A.P.M. structure. Although there

are an infinite number of ways to model expectations (or deviations from expectations), I use just

three in this paper. First, I simply assume that investors on the T.S.E. expected resource rents as

a proportion of G.N.P. to be constant across consecutive years. This implies that all of the annual

change in resource rents as share of aggregate income may be considered unanticipated, and may

therefore have had an impact on equity market performance. Second, I assume that investors on
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the T.S.E. used resource rents as a proportion of G.N.P. over the last three years to form their

expectations about changes in current rents. This implies that unanticipated changes in resource

rents may be measured by using the residuals from a preliminary estimation equation in which

current rents as a proportion of G.N.P. are regressed against a constant, a linear time trend (to

allow for changes in information gathering and processing technology over time) and past rents as

a proportion of G.N.P.. For the third model of expectations formation I assume that investors on

the T.S.E. used rents from the past 10 years to form their expectations, rather than using rent

shares from just the past three years. My Stage 2 multi-factor C.A.P.M. estimating equations take

the form:

(Rit −Rft) = κ0i + κ1i(Rmt −Rft) + κ2iRentDevXit + ε2it (2)

Where: Ri = rate of return on industry i common stock prices = ln(StkPi1)− ln(StkPi0)19; Rf =

rate of return on long term Government of Canada bonds20; Rm = rate of return on the T.S.E.

common stock price composite index; RentDevX = unanticipated changes in resource rents as a

proportion of G.N.P., where expectations are assumed to have been formed using information from

the past X years (X = 0, 3, 10). All other variables have been previously defined. In Equation (2)

we are primarily interested in the size and significance of κ2. Given the predictions of basic finance

theory, we should expect unanticipated increases in an industries’ resource rents to be coincident

with economically and statistically significant improvements in their equity market performance.

In the first stage of the empirical investigation I specified a reduced form aggregate resource

rent equation. According to theories of optimal resource extraction, Equation (1) is not fully

specified due to the absence of any explanatory variable capturing the impact of stock depletion on

rent generation. It is possible, therefore, that the relationship between aggregate rents and equity

market performance captured by Equation (2) may be unrelated to the variables available to us here

- namely the economic fundamentals and output prices. To investigate the relative importance of

the unanticipated resource rent movements that may be attributed to the fundamentals and prices

alone, I complete the second stage of my investigation with a minor adaption of Equation (2). For

this adaptation I first decompose the observed changes in resource rents as a share of aggregate

income into those changes that can be explained by movements in the economic fundamentals and

resource prices - the predicted rent shares from Equation (1) - and those changes that are not

associated with these determinants - the regression residuals from Equation (1). I then use the
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decomposed rents in Equation (2) in place of RentDevX. This approach allows me to identify

the extent to which rent movements associated with the fundamentals and output prices were

driving the relationship that may be identified between the resource industries’ equity market

performance and their profitability. The multi-factor C.A.P.M. equations with decomposed rents

as supplementary explanatory variables take the form:

(Rit −Rft) = γ0i + γ1i(Rmt −Rft) + γ2i∆ ̂Rentshit + γ3iε̂1it + ε3it (3)

Where: ∆ ̂Rentsh = unanticipated changes in resource rent as a proportion of G.N.P. that may be

explained by changes in fundamentals and resource prices; ε̂1 = unanticipated changes in resource

rent as a proportion of G.N.P. that cannot be explained by changes in fundamentals and resource

prices. All other variables have been previously defined. By using Equation (1) to decompose

resource rents I am implicitly adopting my first model of expectations formation in this stage of

the investigation. More specifically, I am assuming that investors on the T.S.E. expected resource

rents as a proportion of G.N.P. to remain unchanged across consecutive years. This implies that

the total change in resource rents as a proportion of G.N.P. (the dependent variable in Equation

(1)) may be considered unanticipated.

In the third and final stage of my investigation I again employ multi-factor C.A.P.M. estimat-

ing equations. However, having established the relative importance of the resource rent movements

that may be associated with the fundamentals and output prices, I now consider the direct connec-

tion between unanticipated changes in the Canadian resource industries’ productivity, size, capital

intensity, domestic prices and foreign exchange rates, and their equity market performance. I again

employ three expectations formation models for the fundamentals, output prices, and the Canada-

U.S. exchange rates: all changes are unanticipated; expected changes are based on the past three

years, a linear time trend and a constant; or expected changes are based on the past 10 years,

a linear time trend and a constant. Equation (4) is an augmented version of that employed by

Sadorsky (2001) and Sadorsky and Henriques (2001):

(Rit −Rft) = η0i + η1i(Rmt −Rft) + η2iADevXit + η3iQDevXit (4)

+ η4iKLDevXit + η5iPDevXit + η6iCUXDevXt + ε4it
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Where: ADevX = unanticipated changes in industry specific T.F.P. relative to aggregate T.F.P.,

where expectations are assumed to have been formed using information from the past X years;

QDevX = unanticipated changes in industry specific physical output relative to aggregate physical

output; KLDevX = unanticipated changes in industry specific capital/labor ratios relative to

aggregate capital/labor ratios; PDevX = unanticipated changes in industry specific output prices

relative to G.N.P. deflator; CUXDevX = unanticipated changes in average Canada-U.S. exchange

rate. All other variables have been previously defined. Given the predictions implied by basic

finance theory and optimal resource extraction theory, and in light of the results reported by

Sadorsky (and his co-authors), we should expect the unanticipated changes in productivity, output,

capital intensity, prices, and currency depreciation to have had a positive and significant impact on

equity market performance. Of course, much of the theoretical work suggests that the relationship

between these economic fundamentals and equity market performance should merely reflect the fact

that the fundamentals are proxies for the explanatory variable that is really of interest to investors

- resource rents.

5 Estimation Results

Before estimating Equations (1)-(4), the time series properties of the data were explored using

standard augmented Dickey-Fuller (1979) and Phillips-Perron (1988) unit root tests (with a lin-

ear trend).21 It was not surprising to find that the series were often non-stationary in levels.22

However, because I am interested in stock market premia and relative rates of change over time,

the stationarity of the log differences of the relative performance indicators is more relevant than

the stationarity of each series in level terms. Non-stationarity can be rejected with at least 99%

confidence for all of the series employed in Equations (1)-(4).23

Standard diagnostic tests have been performed on the residuals and the parameter estimates

from Equations (1)-(4) for each industry and the aggregate resource sector. Where there was

evidence of autocorrelation and/or heteroskedasticity among the residuals at the 90% level of

confidence Newey-West (1987) robust standard errors have been used to calculate the reported

p-values.24 A Cook’s (1977) distance test for statistical influence has been used to identify outliers

in the resource rent series. The outliers that have been identified are coincident with years in which

negative aggregate resource rents were earned, particularly within the mining industry. In an effort

to ensure error normality these outliers have been dropped prior to the derivation of the reported

results.25 Durbin (1954) - Wu (1973) - Haussman (1973) tests confirm the exogeneity of capital
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intensity with respect to equity market performance, with at least 95% confidence for all three re-

source industries and for the aggregate resource sector.26 Because of the close correlation between

capital intensity, T.F.P., and physical output, Equation (1) and (4) have been estimated with and

without capital/labor ratios as an explanatory variable. The exclusion of the capital/labor ratios

tends to have very little impact on the paramter estimates associated with physical output, while

fairly substantially increasing the size and significance of the parameter estimates associated with

T.F.P.. This suggests that among Canada’s resource industries, twentieth century technological

changes were often embodied in physical capital accumulation.

There is an additional issue regarding industry aggregation that must be touched on before

reporting the estimation results. I have not only estimated parameters at the sectoral level us-

ing value added weighted averages of the industry specific series, but I have also organized the

industries into a panel, and then used generalized least squares with corrections for cross-panel

heteroskedasticity and panel specific autocorrelation to derive estimates for the resource sector as a

whole. The panel approach to sectoral aggregation allows me to determine how sensitive my results

are to the use of a value added weighting scheme. The use of both weighted averages and panel

regressions allow me to focus on the Canadian resource sector as a whole, rather than becoming

diverted by the need to explain industry specific idiosyncracies that may appear in the results.

Insert Table 2

In Table 2 the parameter estimates (and their p-values) for each of the independent variables

included in Equation (1) are provided by industry and for the two sectoral aggregation schemes,

along with the Adjusted R2 standard measure of statistical fit and the number of observations.27

Table 2 also indicates where corrections have been made for heteroskedasticity and autocorrelation,

and where outliers have been dropped prior to estimation.

We can see that although the point estimates are generally positive for T.F.P. and its lags

in Equation (1), if we include capital intensity as an explanatory variable, thereby allowing us

to interpret T.F.P. fairly narrowly as technological change alone, there appears to have been a

statistically significant (and positive) relationship betwen resource rents and T.F.P. only when we

aggregate the individual industries up to the sectoral level.28 In terms of statistical power there

is an even weaker connection linking the capital intensity of Canadian resource industries to their

rents - all three industries and both aggregation schemes produce positive point estimates for

capital intensity, but forestry is the only industry for which the estimates are significant. With
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respect to the Canada-U.S. exchange rate, only the energy industry seems to have experienced a

significant relationship between currency depreciation and rising resource rents over the twentieth

century, while the forestry and mining industries not only had no statistically significant connection

between the value of the Canadian dollar and resource rents, their point estimates are negative.

These mixed results for exchange rates may reflect the indeterminacy of foreign demand elasticity

for Canadian resource products over the 1900-1999 period. It is interesting to note that for later

decades in the twentieth century Slade and Thille (1997, Table 3) found a considerably more

robust connection between foreign exchange rates and marginal scarcity rents for the Canadian

copper mining industry.

In contrast to T.F.P., capital intensity, and exchange rates, a consideration of the parame-

ters associated with physical output brings us to some of the strongest statistical and economic

connections documented in Table 2. All three resource industries and the sector as a whole en-

joyed statistically significant increases in rents in response to rising relative output levels. For the

forestry and mining industries the rent response to increases in the scale of production was particu-

larly noteworthy. Among the economic fundamentals that may be associated with extraction costs,

scale had by far the most economically and statistically substantive connection to the profitability

of Canada’s resource industries during the twentieth century. However, even output levels do not

appear to have been as important as domestic output prices.

For all three industries and both aggregating schemes, improvements in the resource industries’

domestic terms of trade (rising relative output prices) were associated with rapid increases in

resource rents in excess of aggregate economic growth. The parameter estimates on output prices

indicate that over the twentieth century this relationship was not just positive and significant, but

a 1% increase in output prices in excess of average economy-wide inflation was associated with an

increase in resource rents in excess of G.N.P. growth of between 1.15% and 2.52%.

In general, these results are quite consistent with the predictions implied by renewable and non-

renewable resource extraction theories. Specifically, declining extraction costs (or more accurately,

rising T.F.P., output levels, and capital/labor ratios) and rising output prices were associated with

rising resource rents among Canada’s energy, forestry, and mining industries during the twentieth

century - with the strongest connections in terms of their absolute size and their statistical power

linking rent generation to domestic output prices and output levels. The consistency between the

long run empirical evidence from Canadian resource industries and theories of optimal extraction

suggests that Canadian resource producers have not been prone to particularly ineffective decision
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making over the 1900-1999 period.

Insert Table 3

In Table 3 the results from multi-factor C.A.P.M. equations that comprise the first part of

the second stage of my empirical investigation are reported. More specifically, the parameter

estimates (and their p-values) for each of the independent variables from Equation (2) are provided

for the resource sector as a whole, and for the energy, forestry, and mining industries. Equation

(2) is the basic C.A.P.M. augmented to include unanticipated changes in resource rents relative

to G.N.P. as a supplementary explanatory variable. Anticipated changes in resource rents have

been derived under the assumption that investors on the T.S.E. used information from only the

current year, the past three years, or the past 10 years in forming their expectations. We can

see that unanticipated increases in resource rents in excess of G.N.P. growth were associated with

fairly substantial improvements in equity market performance for both sectoral aggregations, and

for the energy and forestry industries. Although resource rent growth was positively related to

equity price increases for the mining industry, the absolute size of the parameter estimates on rent

deviations for mining are very small compared to its resource industry counterparts, and under

only the 10 year expectations model was the relationship significant. We can also see that the

constants are very small and insignificant, and the parameter estimates on the composite market

premia are strongly statistically significant and very close to one. These results suggest support for

the basic C.A.P.M. formulation, and they are consistent with finance theories which suggest that

in an efficient and competitive equity market, unanticipated changes in profitability should be a

substantive determinant of equity market performance.29

Insert Table 4

In Table 4 I report the parameter estimates (and their p-values) for each of the independent vari-

ables from Equation (3) for the resource sector, energy, forestry and mining. Equation (3) uses the

multi-factor C.A.P.M. structure to document the relationship between equity market performance

and unanticipated changes in resource rents, where Equation (1) has been used to decompose rent

changes into movements associated with the economic fundamentals and output prices ( ̂∆Rentsh),

and movements that were unrelated to these determinants (ε̂1). We can see that the parameter

estimates associated with the movements in resource rents that were independent of prices and the

fundamentals (ε̂1) were small in size and statistically insignificant for all three industries and for

the sector as a whole. In contrast, the parameter estimates associated with changes in rents that
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reflected the fundamentals and prices ( ̂∆Rentsh) were not just large and statistical significant, but

with the exception of the mining industry, they were both larger and more statistically influential

than the aggregate, observed changes in resource rents reported in Table 3. This suggests that

unanticipated changes in productivity, output levels, capital intensity and resource prices not only

had an impact on equity market performance, but perhaps because they were much more easily

observable by stock market investors, they appear to have had more statistical influence than the

aggregate resource rents themselves.

Insert Table 5

In Table 5 the parameter estimates (and their p-values) for each of the independent variables

in Equation (4) are reported for the resource sector, energy, forestry, and mining. Equation (4)

is a multi-factor C.A.P.M. equation with unanticipated changes in the determinants of extrac-

tions costs (T.F.P., physical output levels, and capital intensity) and output prices (including the

Canada-U.S. average annual exchange rate) included as supplementary variables in an effort to

explain movements in the Canadian resource industries’ common stock prices over the 1900-1999

period. Anticipated changes in the resource rent determinants have, again, been derived under the

assumption that investors used information from the current year, the past three years, or the past

10 years in the formation of their expectations. Unlike Equation (3), we are now focusing on the

direct connection between the fundamentals, output prices, and equity market performance. The

results reflect a pattern that is very reminiscent of the parameter estimates reported in Table 2.

From Table 5 we can see that the composite market premia continues to be a statistically

important determinant of the resource industries’ common stock price premia across all industries

and all assumptions regarding the formation of investors’ expectations. If we consider all industries

and expectations formation models, in general the statistical strength of the relationship between

T.F.P. and the equity price premia earned by Canada’s resource industries appears to have been

mixed, at best.30 Unanticipated increases in capital intensity have the expected positive connection

to equity market performance for the energy industry and the resource sector as a whole, but

statistical power is weak, and the connection appears to have been negative for forestry and mining.

An absence of explanatory power also characterizes the parameter estimates associated with the

Canada-U.S. exchange rate. In addition, the point estimates on CUXDevX vary quite widely in

terms of their absolute size and their sign across industries and expectations formation models.

Only for mining does there appear to have been a significant relationship between unanticipated

16



changes in the value of the Canadian dollar and equity price premia, and even there the direction

of this relationship is dependent on the model of expectations formation used.

Given our findings with respect to resource rents reported in Table 2 it is not surprising to

find that from an economic and statistical perspective, unanticipated increases in the scale of

production and improvements in the resource industries’ relative output prices were consistently

the most important determinants of their equity market performance. Unexpected increases in

industry specific real output relative to aggregate real output were associated with substantial

increases in equity prices in excess of the risk free rate of return for the resource sector as a whole,

energy, and forestry. The link between the resource industries’ output prices and their equity

market performance appears to have been even stronger - the parameter estimates indicate that

an unanticipated 1% increase in relative output prices was associated with an increase in equity

prices in excess of the risk free rate of return of between 0.78% (energy) and 1.59% (mining). These

results suggest, therefore, that the equity market performance of Canada’s resource industries over

the twentieth century was most closely connected to the two performance indicators that were not

only the most easily observable to investors on the T.S.E., but also the most closely correlated to

the resource industries’ ability to generate rents. This conclusion is consistent with both effective

decision making with respect to resource extraction patterns and the operation of an efficient and

competitive domestic equity market.

6 Conclusions

Over the twentieth century Canadian natural resource industries’ output prices and the determi-

nants of their extraction costs appear to have been related to the generation of aggregate resource

rents in a manner consistent with the predictions made by theories of optimal resource extraction.

In particular, despite some variation in the degree of statistical power, productivity improvements,

increases in the scale of production, increases in capital intensity, rising relative output prices, and

the depreciation of the Canadian dollar relative to the U.S. dollar were all associated with ris-

ing resource rents between 1900-1999. The strongest connections in both economic and statistical

terms linked the resource industries’ output prices and their scale of production to their ability to

generate profits.

With respect to the role played by Canada’s energy, forestry, and mining industries in the

domestic equity market between 1900-1999, just as finance theory suggests we should expect in the

presence of an efficient domestic equity market, there was a statistically and economically robust
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connection linking improvements in equity prices to rising resource rents. It is also apparent that

the economic fundamentals that were related to resource rent generation were related to equity

market performance for the Canadian resource industries. To be more specific, although statistical

power was not uniform, productivity improvements, increases in the scale of production, increases in

capital intensity, rising relative output prices, and an appreciating Canadian dollar were associated

with increases in industry specific equity price premia in excess of the risk free rate of return.

The strongest economic and statistical connections linked the most easily observable and most

important determinants of profitability - the resource industries’ output prices and their scale of

production - to their equity market performance.

These findings suggest that because movements in twentieth century Canadian resource rents

were so closely and positively related to movements in resource prices, and the resource industries’

equity market performance was so closely and positively related to their ability to generate rents,

falling relative prices appear to have driven rents as a proportion of G.N.P., and in turn equity

prices relative to the T.S.E. composite market, downwards over the century. This, in turn, implies

that between 1900-1999, falling resource prices relative to the average domestic price level more

than offset increases in Canadian resource industries’ relative productivity levels, capital intensity,

and scale of production in the determination of their profitability and equity market performance.

The results presented in this paper reveal that we need not invoke equity market inefficiency or

entrepreneurial failure to reconcile the apparently contradictory changes we observe in the resource

industries’ contributions to the growth and development of the aggregate economy and domestic

equity market over the twentieth century. The resource industries’ relative output prices play the

key role in this reconciliation. This conclusion not only sheds light on the Canadian experience,

but more broadly, the evidence emphasizes importance of scale and output prices in the pursuit of

resource based growth, and the relevance of the basic finance and resource extraction theories to

developing economies in a long run context.
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Tables

Table 1: Summary Statistics (Average Annual % Change, 1900-1999)
N.R. Sector Energy Forestry Mining

∆Ai/AggA 0.25 0.66 -0.54 0.69
(0.082) (0.083) (0.086) (0.102)

∆(Q/L)i/Agg(Q/L) 0.67 2.60 -0.17 0.75
(0.096) (0.127) (0.116) (0.120)

∆Qi/AggQ 0.10 1.49 -1.26 0.34
(0.057) (0.097) (0.096) (0.086)

∆(K/L)i/Agg(K/L) 1.36 1.62 0.97 1.35
(0.109) (0.125) (0.118) (0.130)

∆Pi/GNPDef -0.24 -0.84 0.40 -0.99
(0.061) (0.071) (0.065) (0.089)

∆Renti/GNP -0.65 0.88 -0.98 -0.21
(0.129) (0.135) (0.226) (0.183)

∆StkPi/Composite -0.97 -0.75 0.21 -1.93
(0.092) (0.140) (0.225) (0.231)

Note: Standard deviations are provided in parentheses.
Note: Ai = T.F.P. for industry i; (Q/L)i = physical output per worker for industry i; Qi = physical output for
industry i; (K/L)i = real fixed capital per worker for industry i; Pi = output price index for industry i; Renti =

aggregate resource rent for industry i; StkPi = common stock price index for industry i; GNPDef = G.N.P.
deflator; Composite = T.S.E. composite common stock price index.

Note: The average annual % change in the Canada-U.S. exchange rate between 1900-1999 was: ∆CUX = 0.40

(σ = 0.035).

19



Table 2: Resource Rents and the Economic Fundamentals (Equation 1)
Dependent Variable: ∆Rentshi

N.R. Sector Panel Energy Forestry Mining
∆RelAi(t) 0.164 -0.028 0.075 0.286 -0.785

(0.473) (0.860) (0.395) (0.438) (0.250)
∆RelAi(t−1) 0.212 0.053 -0.036 0.305 0.098

(0.018) (0.453) (0.407) (0.070) (0.481)
∆RelAi(t−2) 0.010 0.046 -0.053 -0.100 -0.013

(0.904) (0.388) (0.141) (0.443) (0.900)
∆RelAi(t−3) 0.123 0.172 0.086 0.337 0.101

(0.145) (0.078) (0.130) (0.168) (0.518)
∆Qshi 1.773 1.543 1.200 1.900 1.942

(0.000) (0.000) (0.000) (0.000) (0.000)
∆KLshi 0.122 0.112 0.062 0.252 0.357

(0.251) (0.131) (0.143) (0.041) (0.192)
∆RelPi 1.886 1.508 1.153 2.524 1.032

(0.000) (0.000) (0.000) (0.000) (0.039)
∆CUX 0.099 0.095 0.101 -0.168 0.0001

(0.617) (0.707) (0.089) (0.600) (0.999)
Constant -0.0002 -0.005 -0.001 0.008 -0.005

(0.978) (0.436) (0.842) (0.418) (0.736)
N 96 281 96 96 89

AdjR2 0.758 0.687 0.964 0.814 0.525
Outliers Dropped

√ √

Robust S.E.
√ √ √ √

AR Correction
√ √

Note: P-values provided in parentheses. Parameter estimates in bold are statistically significant with at least 90%
confidence.

Note: RelAi = T.F.P. for industry i relative to aggregate T.F.P.; Qshi = physical output for industry i as a share
of aggregate physical output; KLshi = capital/labor ratio for industry i as a share of aggregate capital/labor ratio;
RelPi = output price for industry i relative to G.N.P. deflator; CUX = average annual Canada-U.S. exchange rate.

Note: Joint statistical significance (p value) of T.F.P. and its lags: N.R. Sector = 0.062; Panel = 0.309; Energy

= 0.476; Forestry = 0.167; Mining = 0.356.
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Table 4: C.A.P.M. with Decomposed Resource Rents (Equation 3)
Dependent Variable: ∆Rentshi

N.R. Sector Panel Energy Forestry Mining
(Rm −Rf ) 0.968 0.905 1.041 0.779 0.891

(0.000) (0.000) (0.000) (0.000) (0.000)̂∆Rentshi 0.275 0.295 0.313 0.419 0.082
(0.001) (0.000) (0.004) (0.000) (0.580)

ε̂1i 0.017 0.003 0.204 -0.092 0.007
(0.910) (0.572) (0.635) (0.651) (0.412)

Constant -0.009 -0.014 -0.012 0.017 -0.001
(0.326) (0.334) (0.337) (0.400) (0.945)

N 96 285 96 95 94
AdjR2 0.796 0.469 0.638 0.429 0.388

Outliers Dropped
√ √ √

Robust S.E.
√ √

AR Correction
Note: P-values provided in parentheses. Parameter estimates in bold are statistically significant with at least 90%

confidence.

Note: ̂∆Rentsh = unanticipated changes in resource rents as a proportion of G.N.P. associated with economic

fundamentals; ε̂1 = unanticipated changes in resource rents as a proportion of G.N.P. unrelated to economic

fundamentals.
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Notes

1There is a considerable body of literature on successful and unsuccessful resource based growth

in a historical context, and a growing body of literature on the “curse” of natural resources for

recently developing nations. For examples see Wright (1990), Keay (2007), Taylor (1998), and

Sachs and Warner (2001).

2Claims of Canadian capital market inefficiency may be found in Naylor (1975), Rudin (1982),

and Taylor and Baskerville (1994). Others, such as Bliss (1987) and Evans and Quigley (1990),

have called some of these claims into question.

3Claims of entrepreneurial failure within the Canadian business elite may be found in Levitt

(1970), Naylor (1975), and Williams (1994). Evidence of an effective entrepreneurial class in Canada

has been presented in Keay (2000) and Wylie (1989).

4For example, see Slade and Thille’s (1997) Table 3, estimates for Canadian copper mines,

Sadorsky and Henriques’ (2001) Table 5, estimates for the Canadian forestry industry, or Sadorsky’s

(2001) Table 4, estimates for the Canadian energy industry.

5A complete Data Appendix, with detailed descriptions of sources and construction techniques

for all data used in this paper, is available from the author.

6As a sensitivity test, all results have been derived using value added less wages and salaries,

deflated by a capital cost index, as an alternate capital measure. The qualitative conclusions are

unaffected by the choice of capital measure.

7Total resource rents may be disaggregated into rents paid to government, labor, and capital

owners. As a sensitivity test, all results have been derived using only rents paid to capital owners

as an alternate rent measure. The qualitative conclusions are unaffected by the choice of rent

measure. If I use this approach to aggregate rent measurement to calculate total economic profits

earned by the Canadian manufacturing sector over the twentieth century (which includes some

resource processing firms), I find that on average their profits were less than one third of those

enjoyed by the resource intensive producers. Note that I have not calculated marginal scarcity

rents (or shadow prices) for each resource industry. Scarcity rents have an impact on extraction
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decisions, but they do not directly determine aggregate profitability. For a detailed discussion of

the derivation of scarcity rents in a Canadian context see Ellis and Halvorsen (2002) or Livernois,

Thille and Zhang (2006).

8There are periodic mining indexes reported in D.B.S. publications earlier than 1935 that have

been used as a check on my constructed index. For example an example see Coates (1915).

9Information on Canadian government bond yields for the earliest part of the twentieth century

is scarce. I have used the series compiled by Marvin McInnis (2006).

10For a much more detailed discussion of the composition of the industries used in this study see

Keay (2007).

11Alternate weighting schemes that use real output, labor figures, or no weights whatsoever,

generate only small changes in the quantitative results, and no changes in the qualitative conclu-

sions. The aggregated common stock price index uses capitalized values, rather than value added,

to weight the three industry specific indexes.

12For textbook depictions of these cost determinants see Varian (1992) Chapter 5, or Neher

(1990) Chapter 6.

13Input prices are not included as extraction cost determinants because resource theories typically

assume that firms’ control variables are extraction patterns, rather than input quantities.

14For textbook depictions of some of these optimal extraction theories see Neher (1990) Chapters

2 and 17, or Hartwick and Olewiler (1998) Chapters 8 and 10.

15See Norrie and Owram (1996) Pg. 321-26 and Table 17.1, for information on the resource

intensity and destination of twentieth century Canadian exports.

16The modeling of risk-return tradeoffs in equity markets may be traced to a series of papers by

Tobin (1958), Sharpe (1964), Lintner (1965), and Mossin (1966). Slade and Thille (1997) Pg. 690-

91, provide a concise summary of the development of the basic C.A.P.M. structure. See Cragg and

Malkiel (1982), or Black, Jensen, and Scholes (1972), for an overview of the empirical performance

of C.A.P.M..
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17For a textbook depiction of “discounted cash flow” valuation techniques see Damodaran (2002)

Chapter 2. For an example drawn from natural resource industries see Perman et al. (2003), Pg.

366-67.

18For similar U.S. and British examples see El-Sharif et al. (2005), Jones and Kaul (1996), or

Washburn and Binkley (1993).

19It would be ideal if dividend returns could be incorporated into Ri and Rm, but this information

is not available through much of the century. The absence of this information from both the

composite market and the industry specific premia explain the relatively low rates of return that

are observed. The average annual premium earned by the natural resource sector as a whole was

-2.53% and the average annual composite market premium was -1.58%.

20As a sensitivity test all results have been derived using Moody’s AAA industrial bond yields

as an alternate measure of the risk free rate of return. The qualitative conclusions are unaffected

by the choice of risk free rate.

21A complete set of econometric results is available from the author.

22Non-stationarity could not be rejected with 90% confidence or more for four of the seven natural

resource sector’s series when tested in levels, five of the seven energy industry’s series, only one of

the seven forestry industry’s series, and five of the seven mining industry’s series.

23Despite the fact that they are almost all I(1), I cannot find any statistically significant evidence

of a long run, stable, cointegrating relationship among the equity price premia, relative resource

rents, or relative T.F.P. series when measured in levels for any of the industries.

24The use of robust standard errors, corrections for autocorrelation, and the elimination of outliers

are all noted by equation and industry in Tables 2-5.

25Although statistical significance is affected by the removal of the outliers, the relative size and

the signs on the parameter estimates are not substantively altered if the outliers are left in the

series, or if dummy variables are used to control for their presence.

26The endogeneity of capital intensity and equity prices has been singled out for further testing

because there is theoretical work suggesting that the direction of causation should be reversed from
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what has been assumed in this paper. Specifically, much of the research associated with the use of

Tobin’s (1969) Q-ratio implies that equity market performance may determine a firm’s ability to

invest, which in turn implies that capital intensity may be endogenous, while equity prices may be

exogenous.

27Equation (1) is based on theories of resource rent maximization that assume firms control

extraction patterns, rather than input quantities. If we wished to base this equation on a more

standard characterization of a profit function, then we might be tempted to include industry specific

real wages and real capital costs as explanatory variables. As a sensitivity test, Equation (1) has

been estimated using real wages and real capital costs in place of capital intensity as right hand

side variables. The qualitative conclusions are unaffected by the inclusion of the input prices, which

tend to be statistically irrelevant. For example, in Equation (1) real wages and real capital costs

have p-values of 0.992 and 0.767, respectively, for the resource sector as a whole.

28If capital intensity is dropped as an explanatory variable, the statistical influence of the more

broadly defined T.F.P. measure improves, but still only forestry displays a significant relationship

between productivity and resource rents among the individual industries.

29If I consider only those resource rents captured by capital owners rather than total resource

rents in Equation (2), the qualitative conclusions continue to hold.

30If capital intensity is dropped as an explanatory variable, then unanticipated productivity

growth is a significant and positive determinant of equity market performance for the weighted

average of all three industries, energy, and mining.
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