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			The law of diminishing returns

			Key points

			
					Names: Law of diminishing returns, law of variable proportions, principle of diminishing marginal productivity, diminishing marginal returns

					Uses: Business economics, sectorial economy, theories of innovation, studies on the creation of rent

					Why is it successful? As a short-term theory, it promotes the best decisions on the allocation of production factors

					Key words:	Average: The result of adding all of the elements in a series, then dividing the result by the number of units that make it up.

	Capital: A factor of production including everything outside of human labor (machines, bank assets, etc.).

	Economy of scale: The phenomenon that leads to lower costs as the quantity produced increases, due to the amortization of initial investments.

	Margin: The difference between the cost price and the selling price.

	Returns: Ratio between the result obtained from a task and the allocated time.

	Rent: Income from holding capital or, according to the Ricardian analysis, the income of the holders of the first units put into production when the performance of the last units begins to decrease.

	Work: Human activity carried out in exchange for compensation. 




			

			Introduction

			By taking elements from the thinking of economists from the eighteenth century, who focused on the issues facing agricultural production, David Ricardo (British economist, 1772-1823) created the theory of diminishing returns. This is still relevant today thanks to the developments that economics has added to the original formula.

			History

			Illustrated by David Ricardo in On the Principles of Political Economy and Taxation (1817), the theory of diminishing returns is the outcome of this thinking, firstly by the Anglican minister and economics professor Thomas Malthus (1766-1834) and secondly by the Physiocrats, especially Anne Robert Jacques Turgot (French statesman and economist, 1727-1781). Malthus argued that a rising population leads to a reduction of available resources, while Turgot pointed out that any increase in the area of cultivated land would inevitably lead to lower returns, with the best land being exploited first. 

			
				
					Extra Information

					The work of the school of Physiocrats (from the Greek ‘phusis’ meaning ‘nature’ and ‘kratein’ meaning ‘to govern’) on the creation of economic wealth, particularly distribution, is considered revolutionary for its time.

				

			

			David Ricardo extends and develops this thinking which has become a classic in economics and one of the most famous controversies. Another great economist of the time, Scotsman Adam Smith (1723-1790), developed a contrasting theory on increasing returns from improved productivity, gained through the specialization of tasks.

			Definition of the model

			David Ricardo, inspired by the economists of the eighteenth century, identifies three factors of production: land (considered the only true value-creating element at the time), capital and labor. He takes the example of the earth to explain the phenomenon of diminishing returns: the more a farmer grows his land, the less the revenue will be for each new plot (marginal revenue, i.e. the revenue of the new plot compared to the previous plots), as the better land will be cultivated first. Further labor is then required to farm the land. Therefore, the total land rent (income received by the owner thereof) will actually increase with the number of plots, but not linearly, as the returns will decrease.

			The model has found applications beyond agriculture. In general, the law of diminishing returns describes how the performance of an additional unit of a factor of production, all things being equal, will be less than the return of the units of the same factors previously used in production. 

		


		
			Theory – the concept

			Considered to be one of the most influential economists of the classical school alongside Adam Smith and Thomas Malthus, David Ricardo wrote many theories including the exchange value of a product, the opposition to protectionism, the concept of comparative advantage and even the reference to the gold standard for the production of money and, finally, the theory detailed here: the law of rent. In his approach to economics, David Ricardo does not seek moral conformity, unlike Adam Smith and, especially, Thomas Malthus. The latter, a pastor, focused more on the world that men should create to achieve the divine plan, rather than on society as it was at the time. 

			David Ricardo

			David Ricardo was first interested in the mechanism of creating wealth and distribution. To understand the law of diminishing returns, we must remember that reference is made to marginal returns, i.e. the returns of a new unit put into production according to previous units. Moreover, this law applies only when there is variation of one factor of production. During the economist’s time, the ‘work’ and ‘capital’ factors were not so easily identified. The classical school considered that there was work behind capital, some – Adam Smith, David Ricardo and Karl Marx (socialism theorist and German revolutionary, 1818-1883) in particular – distinguished between productive labor and unproductive labor. The work is called ‘productive’ when it creates value, but all work does not systematically create value.

			Take Ricardo’s example of farmland, which allowed him to introduce the concept of ‘incorporated work’ (the addition of the worker’s work and the work required to produce the machines and tools he will use) and consider that there are two factors of production: the land and a composite assembly of labor and capital.

			
					Decreasing intensive margin. Let’s apply a greater amount of capital/labor to this land. It will mobilize more labor and prompt the salary budget to rise. The total production costs will thus inevitably increase, lowering the marginal returns: the new production units assigned to work on the land will yield less than the previous units. The intensive margin of crops (i.e. the accelerated exploitation of land) is decreasing.

					Decreasing extensive margin. Imagine now that the new land is cultivated, without variation of capital/labor. Again, even without an increase in the amount of work per square meter of land, new workers will be hired. Ricardo, following in the footsteps of the Physiocrats, says, firstly, that the best land is often cultivated first and, on the other hand, all this leads to a return from the new area being cultivated that is lower than the old. The extensive margin of cultivation is also decreasing. Incidentally, for the holder of the most productive areas, there is the creation of rent, a central phenomenon in the Ricardian thought. Already valued by the Physiocrats and Adam Smith as the fruit of the abundant fertility of the land, it comes from Ricardo that there is a scarcity of good land and therefore constitutes an advantage for the owner of the best land without merit or work.

			

			Therefore, the intensive margin and the extensive margin are correlated. In fact, a farmer will gradually increase the use of his land. Then, when the performance of this production unit has decreased too much, he will cultivate new land. Their initial performance will certainly be lower than that of the first, and will also decrease in any case. The amount of useable land is limited; the performance of agriculture is therefore progressively declining. In addition, population growth, by leading to reduced resources and reduced national productivity, generates lower returns that could cripple the country’s economy.

			This is where innovation comes in – in the agricultural process, this could be machinery or products, such as fertilizers or GMOs, which are controversial today – which will boost the efficiency of the land, lowering costs to counteract the natural tendency of diminishing returns. It is therefore essential, according to David Ricardo, to not only promote technological progress to increase yields according to demand, but to also specialize in an area of activity which is the most productive (see the theory of comparative advantage also developed by the economist).

			
				
					Extra information: The Comparative Advantage

					A defender of free trade, David Ricardo formalized the theory of comparative advantage. In a closed economy situation, each country should produce what it needs, due to the trade barriers that make imports excessively costly. If the economy opens up to international trade, then each state can produce the goods for which is has a comparative advantage (e.g. a more skilled workforce, a more modern production system, more favorable soil or climate in the case of agricultural products) and import the products is has chosen not to produce, because other countries are better at production or offer a lower price. This theory is now the basis of the thoughts on the proponents of free trade, including the World Trade Organization (WTO).

				

			

			Theorists would have thought that the law of diminishing returns applied only to agriculture. Ricardo would have been more of a master of agronomy than an economist. Yet in his work, agriculture is just one example, as David Ricardo formulates a universal law of economics, applicable to any industry.

			Alfred Marshall

			Alfred Marshall (British economist, 1842-1924) shows that this law not only applies to the agricultural economy. He also relates to another holding of the earth: construction. The most developable land (far away from rivers, not prone to flooding, stable, with a nice view, etc.) is used first. Less favorable land is then used for building.

			Finally, Alfred Marshall seeks to apply the law of diminishing returns to all industry sectors. For example, imagine a production company with three printing presses. To improve its profit, the company increases it cadences, the workers do more work, etc. But these changes create a constant increase in costs that ultimately makes the acquisition of a fourth machine more cost-effective. The overall labor costs have increased – nowadays we are no longer in the age of automation or offshoring – the marginal profitability of the fourth press will certainly be lower than the first three. Marshall uses the term ‘almost-rent’ to refer to the income of the first machines; the mechanism is similar to that of ground rent in Ricardo’s theory. As we will see below, Marshall included this reflection on the diminishing returns in industry in a broader sequencing: proportional returns allow him to articulate a growth phase and a phase of diminishing returns. There is therefore an inflection point, where the acquisition of an additional unit not only causes an increase, but also a decrease in productivity.

			[image: ]

			Diminishing returns today

			Nowadays, land is no longer considered to be a factor of production, but work and capital have been differentiated further than they were in David Ricardo and Adam Smith’s time. The law of diminishing returns is still understood today: for a given level of productivity of production factors, the increase of one of these factors (work or capital) will only lead to an increase in productivity that is weaker and weaker.

		


		
			Limits and extensions of the model

			A theory founded upon classical economics, the law of diminishing returns has attracted much criticism, but also useful developments to enrich the analysis.

			Limits and criticisms of the model

			With the law of diminishing returns, David Ricardo seems to take the opposite view of Adam Smith. The latter, in his book An Inquiry into the Nature and Causes of the Wealth of Nations (1776), actually offers a theory of increasing returns. Inspired by the British economist Richard Cantillon (1680-1734) and Pierre Le Pesant de Boisguilbert (Frenchman, 1646-1714), Adam Smith argued that the division of labor leads to an increase in productivity – also called ‘economies of scale’ – which constantly improves returns. The most famous example developed by the economist is the pin factory. By specializing workers in 18 jobs, each produced 4 800 pins a day, whereas if each employee was performing all the tasks in the production process, he would not make more than 20 pins a day! The division of labor increases the ability of each worker, saves time and drives the invention of new machines and the emergence of entire economic sectors (for example, business services, robotics or logistics in our modern economy).

			The opposition between Adam Smith and David Ricardo on this point, however, seems to be bypassed because Ricardo’s model does not prohibit the division of labor as it exposes a work dynamic in a given context. Thus, once the work of manufacturing pins is divided into 18 jobs, adding new employees into the factory would lead to a decrease in marginal returns. Only the invention of a new machine or additional division of labor will be able to make returns grow again. This was perfectly observed by Alfred Marshall, who developed the theory of inhomogeneous returns. After an initial growth thanks to technical progress and the division of labor, they will then decrease, which is coherent with the predictions of David Ricardo.

			Karl Marx, an avid reader of David Ricardo, created a law called the ‘tendency of the rate of profit to fall’ (TRPF), based on that of diminishing returns. He highlights that in a context of heightened competition between capitalist enterprises, the profitability rate tends to fall inexorably. The theory of diminishing returns is therefore used in a radical critique of capitalism that alienates humans for its benefit and, for this reason, is denounced by the defenders of the capitalist systems. This hypothesis for the falling rate of profit would be denied by the capacity for innovation continually shown by economic actors. But this attributes intentions to Ricardo that are far from his own, since he had not formulated his theory to criticize a system of organization, but to describe a phenomenon at work in production.

			Many economists now believe that diminishing returns is an interesting model for the short term in a given productive environment. Managerial or technological innovation can fortunately overcome this stage of diminishing returns to regain increasing returns. However, this forces entrepreneurs to always push the boundaries of what they know, or risk seeing their performance gradually collapse.

			Extensions and related models

			Returns to scale

			The model of diminishing marginal returns only applies to the variation of production factors. The economic theory, under the leadership of Alfred Marshall, is also interested in the variation of all factors of production: which is called returns to scale, which reflects the search for efficiency (doing more with less) following an increase in production factors.

			
					Returns are increased as long as the percentage of additional earnings (y) exceeds the percentage of costs incurred by the rise of two factors (x). The growth size of the company will lead to better technique and working conditions will certainly attract the most skilled workers: y > x

					Returns will begin to decrease with the company effects linked to internal organization (e.g. growing volume of staff). Large companies are more difficult to run than small companies: management and communication become increasingly complex, the objectives of the big business are far from those of its workers that are diluted in multiple divisions, often geographically far away, and management is also perceived as more distant, especially if the company is bought by an international group or holding: y < x

			

			This theory enables you to optimize the size of the business and maximize performance: increasing returns (y > x) for small quantities (as long as capacities are not saturated) to become constant (y = x), and diminishing returns (y < x) for very large quantities. Stagnation is then observed as well as saturation (too fast a pace, storage problems, etc.). These problems will result, over time, in return reductions.

			The isoquants

			Another related model is the isoquants (curves) in microeconomics, studied by Charles Cobb (American mathematician, 1875-1949) and Paul Douglas (American economist, 1892-1976). This describes, for a given volume of factors, all optimal combinations that will produce the highest return for a given level of production. By analyzing the relationship between factors of production – the amount of work and capital – Charles Cobb and Paul Douglas seek to demonstrate that they are substitutable. 

			Their production function, also called the Cobb-Douglas function, will be as follows: Y = c.Kα.Lβ where Y represents the level of production, K represents capital, L represents labor and c, α and β represent the variations linked to technology.
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