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Overview

This research examines the history of prices for coal and oil going back to 1650 in the case of coal and 1859 in the case of oil. After deflating by a price index for traded manufactured goods, we find that both series show substantial periods of price increase and some periods of price decrease. We utilize an approach based on the work of Joseph Schumpeter to separate out long cycles in each price series, and then examine the inter-cyclical trends for indications of increasing or decreasing scarcity of coal and oil based on the movement in their real prices. The separation of cyclical movements from trend allows us to appraise recent movements in coal and oil prices against previous cycles and thereby suggest implications for the prediction of future price movements. 

Classical and neoclassical economic approaches to the analysis of prices of non-renewable resource products, including coal and oil, emphasize the impact of scarcity. This leads to the prediction of Hotelling’s (1931) rule, namely that the price of such products should rise at the rate of interest when extraction cost is zero or that the net price of the products should rise at the rate of interest when marginal extraction costs are positive. More recent analyses, such as Slade (1982a and 1982b) and Brown and Wolk (2000), recognize discovery of new reserves and technical progress as potential downward influences on prices of these products by driving down the marginal cost of extraction. However, technical change is exogenous to the analysis, with its impact neither predictable nor assured.

In The Theory of Economic Development, Schumpeter (1934) contrasts the equilibrium of a stationary state  to economic development, which occurs through endogenous technical change. The endogeneity of technical change results from the capitalist organization of the economy, which allows entrepreneurs to profit from introducing innovations in the form of new production methods, new products, new forms of organization and the opening of new markets. This analysis suggests technical change is assured under capitalism, but it is discontinuous and its nature, location and extent are still not predictable. 

In Business Cycles, Schumpeter (1939) extends his analysis to consider the historical pattern of technical change and the resulting impact on the economy. He argues that the bunching of economic innovations imparts a rhythm to the pattern of economic activity, focusing particularly on cycles in prices. Schumpeter argues that prices rise and then fall by an even larger amount before recovering somewhat over periods of fifty plus years, which he refers to as Kondratieff cycles in recognition of earlier research by the Russian economist, N D Kondratieff. He argues that at the beginning and end of each cycle prices come as close as possible to long-period normal levels.

Methods

We follow Schumpeter’s approach to analyzing cycles in prices. In particular, we utilize the dating of business cycles from his historical analysis, which covers two complete cycles: 1787 to 1842 and 1842 to 1897. We extend his method by adding two more recent cycles, 1897 to 1953 and 1953 to 2009, as well as two earlier Kondratieff cycles, 1732 to 1787 and 1677 to 1732, to cover the period of our data on coal prices. 
Schumpeter notes that technical change impacts the economy beyond those goods and markets that are immediately affected by innovations. Our particular focus is on energy commodities in their role as basic raw materials for industrial production. During the early prosperity phase of a Kondratieff cycle, the secondary effects of innovations elsewhere in the economy put upward pressure on energy prices, while during the recession/depression phase the opposite pressure occurs. Finally, in the recovery phase there is a tendency for real energy prices to move upward, moving to the level dictated by long-run influences. 

We apply the dating of Kondratieff cycles to long series of real prices of coal (1650 to 2010) and oil (1859 to 2010). Taking the start and end date of the cycles as approximating long-period normal prices on average across the economy, any movement in the real price of an individual good from the beginning of the cycle to the end indicates the influence of long-run factors specific to that good. Thus, the trend in real prices of coal and oil over the course of a cycle thus provide an indication of the long-run influences affecting each good, namely the product-specific influences technical change in production and consumption along with the influences of resource depletion and new discoveries.

Results

Real coal prices barely changed over the first two full Kondratieff cycles (1675 to 1731 and 1731 to 1787). They then followed an S-shaped upward trajectory over the next three Kondratieff cycles, rising slowly in the first cycle (1787 to 1842), accelerating in the second cycle (1842 to 1897) and then decelerating in the third cycle (1897 to 1953). In the most recent cycle (1953 to 2009), the real coal price declined noticeably, especially during the recession and depression phases of the cycle, roughly between 1972 and 2000. Thus, aside from the substantial rise in real coal prices of more than two hundred percent in a period stretching a bit longer than the Kondratieff cycle from 1842 to 1897, real coal prices have been generally stable or falling for the remainder of the three and a half centuries covered by the data. Thus, while there is evidence of increasing scarcity of coal in terms of a rising relative price, the forces of technical change, including exploration and development of new deposits, clearly have been sufficient to offset depletion through most of the period examined. This is in spite of an enormous increase in the quantity of coal consumed annually across the world.
Our series of real oil prices only goes back to 1859, which includes the last two Kondratieff cycles. The early years of data show a sharp fall of the real oil price, leading up the beginning of the Kondratieff cycle starting in 1897. However, in the two cycles following this the trend of real oil prices has been upward, albeit in a far from smooth fashion. This is clear evidence of increasing scarcity of oil in terms of a rising relative price, but this follows a period of less than a full Kondratieff in which prices fell dramatically.
Conclusions and Prospects
The examination of intra-cycle trends for real coal and oil prices clearly reveals substantially increasing trends for at least some cycles, thereby indicating increasing scarcity. However, there have also been cycles in which prices have been stable or falling. These price changes have occurred against technological shifts, which up to the 1950s (the industrial revolution, railroadization, electrification), dramatically increased demand for energy commodities. Seemingly, discoveries and improvements in production technology were not able to expand supply rapidly enough to maintain constant real prices. Still, we suggest that technical change (in both supply and demand), as opposed to natural resource constraints, played the dominant role in determining the course of prices over this period.

In the most recent full Kondratieff cycle, 1953 to 2009, the dominant technological change has been the diffusion of ICTs, which has had mixed impacts on overall demand for energy commodities, although clearly favoring oil as a fuel for expanded transport. Real coal prices fell for at least the downswing of the cycle, while real oil prices rose throughout. With regard to the current Kondratieff cycle (which we date tentatively as starting in 2009), we note that real prices of raw materials in general, tend to be high during the early upswing phase of these cycles. It is only in the later decades of the cycle that real prices tend to decline. Thus, the cyclical influence should impart some downward influence on real coal and oil prices over coming decades. This is the endogenous response of producers to high real prices and high profitability for existing production. How this interacts with the long-run influences of depletion and technical change remains unpredictable, depending in large part on whether the next fundamental shift in technology is energy intensive or energy saving. 
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