The Alternative is to reject neoclassical economics in favor of complexity economics. Complexity economics refuses to describe long-run economic evolution through fallacious modeling and denies the assumption of stable aggregate patterns. Orienting politics towards exogeny and randomness – rejecting the atomistic model of economic agents – sees the economy and society as intertwined. This is the only way to prevent climate extinction. 
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In the ontological dimension, neoclassical economics differs markedly from the other schools of thought. The most distinctive feature is the exclusive focus on scarcity as the central economic question. In their introductory textbook, Samuelson and Nordhaus (2009, p. 4) write: Economics is the study of how societies use scarce resources to produce valuable goods and services and distribute them among different individuals. Similarly, the textbook by Robert and Rubinfeld (2018, p. 26) says: Much of microeconomics is about limits—the limited incomes that consumers can spend on goods and services, the limited budgets and technical know-how that firms can use to produce things, and the limited number of hours in a week that workers can allocate to labor or leisure. But microeconomics is also about ways to make the most of these limits. More precisely, it is about the allocation of scarce resources. Note that these (and other mainstream) authors do not qualify their definition to apply only to neoclassical (micro-)economics, but regard it as a general definition of economics. Other topics like dominance, change or uncertainty that are key to other schools of thought are not at the core of neoclassical economics. As mentioned in the previous chapter, Arnsperger and Varoufakis (2006) argue that the paradigmatic core of neoclassical economics consists of the three axioms methodological individualism, methodological instrumentalism and methodological equilibration. Individuals are clearly the starting point of all analysis, which is reflected by the requirement that even all macroeconomic analyses need “rigorous microfoundations” (Wren-Lewis 2007, 2011 for a discussion). The second feature that distinguishes neoclassical economics from all other schools of thought is the atomist perspective on individuals. Individuals have their private preferences and make choices independent of other individuals and their social context. They make optimal choices given their preferences and the respective budget constraints. Importantly, neoclassical economics assume that preferences are fixed and characterised by deep parameters and observed changes in behaviour are to be explained by changes in the budget constraint, that is, prices and income, but not by preference changes. Every behaviour is interpreted as a conscious, deliberate choice among alternatives. In the same way as individuals are assumed to be isolated against social influences, the economy is separate from the larger social system and typically also from the natural environment. The economy is seen as a closed system without external impacts that could alter the system. Since the components of the economic system, for example, consumers and firms, are atomistic and independent of each other, their behaviour follows stable deterministic or probabilistic laws. The rational pursuit of self-interest and competition leads to equilibria in interactions, for instance, in markets. Hence markets are, apart from temporary random disturbances, assumed to be stable. Due to this inherent stability, uncertainty is not fundamental, as in many other schools of thought. Instead, neoclassical economics interprets uncertainty as risk that can be well described by known probability distributions over known events. Neoclassical economists assume that there is an objective real world that can be studied independently from the observer by the use of the appropriate research tools in a similar way as natural systems can be analysed. It cannot be the aim of the researcher to describe reality in all its facets. The interest of neoclassical economists lies in general, universally applicable laws that can be uncovered by “the scientific method”. According to Samuelson and Nordhaus (2009, p. 5) [e]conomists use the scientific approach to understand economic life. This involves observing economic affairs and drawing upon statistics and the historical record. … Theoretical approaches allow economists to make broad generalizations … In addition, economists have developed a specialized technique known as econometrics, which applies the tools of statistics to economic problems. Using econometrics, economists can sift through mountains of data to extract simple relationships. In order to find these universal simple relationships, neoclassical economists look at stylised facts, which are broad generalisations that summarise data, and use abstraction, stylisation and simplification. They are disinterested in social, institutional, political or historical details, which are regarded as distracting peculiarities that clutter the underlying economic laws. The main criterion whether the stylisation, which may even be in conflict with observed facts, is valid is predictive power. Neoclassical economists like to compare themselves with classical physicists as the following quote from Robert and Rubinfeld (2018, p. 28) shows: No theory, whether in economics, physics, or any other science, is perfectly correct. The usefulness and validity of a theory depend on whether it succeeds in explaining and predicting the set of phenomena that it is intended to explain and predict. Theories, therefore, are continually tested against observation. As a result of this testing, they are often modified or refined and occasionally even discarded. The process of testing and refining theories is central to the development of economics as a science. When evaluating a theory, it is important to keep in mind that it is invariably imperfect. This is the case in every branch of science. In physics, for example, Boyle’s law relates the volume, temperature, and pressure of a gas. The law is based on the assumption that individual molecules of a gas behave as though they were tiny, elastic billiard balls. Physicists today know that gas molecules do not, in fact, always behave like billiard balls, which is why Boyle’s law breaks down under extremes of pressure and temperature. Under most conditions, however, it does an excellent job of predicting how the temperature of a gas will change when the pressure and volume change, and it is therefore an essential tool for engineers and scientists. The situation is much the same in economics. For example, because firms do not maximize their profits all the time, the theory of the firm has had only limited success in explaining certain aspects of firms’ behavior, such as the timing of capital investment decisions. Nonetheless, the theory does explain a broad range of phenomena regarding the behavior, growth, and evolution of firms and industries, and has thus become an important tool for managers and policymakers. Given this epistemological position, it is not surprising that deductive mathematical models and econometric techniques are the only acceptable research methods. Most other methods, with the exception of economic experiments, are seen as unscientific, subjective and unreliable. Likewise, neoclassical economists see themselves as neutral observers of the economy and insist that their research is value-free. There should be a clear separation of positive analysis, which neutrally describes causal relationships, from normative analysis involving value judgements. Neoclassical economists do not feel equipped with the appropriate instruments for normative analyses: There are no right or wrong answers to these questions because they involve ethics and values rather than facts. While economic analysis can inform these debates by examining the likely consequences of alternative policies, the answers can be resolved only by discussions and debates over society’s fundamental values. (Samuelson and Nordhaus 2009, p. 6) However, most would agree that inefficiency is unjust, because someone could be made better off without making someone else worse off. 4.3.2 Ontological Problems From a complexity perspective, but also in line with evolutionary economics, Austrian economics, and ecological economics, neoclassical climate economics does not deal adequately with the dynamic and uncertain nature of the economy. DICE and other IAMs do look at economic growth, which is a dynamic phenomenon. However, they do so in a very special way, because they do not allow for an evolution of the system that involves transformation and structural change. The economic core of the DICE model is the aggregate production function (equation [4] in Chap. 3). While all variables in this equation depend on time and change over time, the function itself does not change. Two important drivers of growth—population growth and technological progress—are exogenous and the respective growth rates are assumed to be constant. Furthermore, climate change affects only output, but not the capital stock and the capital stock includes only produced capital, but not natural capital. All this is highly questionable in the context of climate change. The point is not only that variables are missing or assumed to grow at constant rates, although there might be good arguments to assume that they are affected directly by climate change. From a complexity view, the more important point is that these models attempt to describe long-run aggregate relationships by stable functional forms that are unlikely to be stable, if there are major technological, environmental and social changes. According to Boulton et al. (2015), the future is the emergent and path-dependent outcome of a complex interplay between patterns of relationships and events. Processes at the micro and meso levels of the economy lead to emergent patterns at the macro level that appears robust and stable. The famous stylised facts of economic growth proposed by Kaldor (1957) can be seen as such patterns. They describe relationships between variables, for example, that output per worker and capital per worker grow at constant and identical rates over time, implying that the capital/output ratio is roughly constant over time. As any textbook on neoclassical growth theory explains, neoclassical growth models (of which DICE is a variant) are designed to match these stylised facts and to generate a balanced-growth path. While such patterns may be roughly stable for some time period, they are always under threat of disruption by events. These events might be major external shocks such as pandemics, tsunamis, wars, climate change or migration … Events may also be internal variations from the norm—a higher-than-average birth or death rate, or the death or arrival of a significant leader. And of course what we regard as internal and external depends on how we draw the boundaries around the problem. (Boulton et al. 2015, p. 30) The crucial ontological difference between neoclassical and complexity economics is that these events can change the aggregate relationships. In neoclassical DSGE models, events are captured by random shocks added to stable relationships. While they can cause temporary deviations of macroeconomic variables from the balanced growth path, they do not change the path and equilibrating mechanisms leading the system back on the balanced growth path over time. Complexity economics and all other schools of thought that emphasise the importance of change deny that the long-run evolution of the economy can be described and understood by models assuming the stability of aggregate patterns of relationships. If every event potentially can alter the patterns of relationships, every hypothetical path of the economy’s evolution will be different, depending on the unique sequence of events. To make things even more complicated, many “events” that are relevant in the context of climate change are unlikely to be exogenous or random. The occurrence of heat waves, droughts, floodings, international conflicts or major migratory movements depends directly on economic and political decisions. When, where and how strongly abatements measures are undertaken will affect the likelihood of these events. If the future is path-dependent, the time-invariant damage function (5‘) that depends only on temperature does not make sense. A related ontological problem is that neoclassical economics treats the economy as a closed system, which is separate from the rest of society. In the DICE model, there are almost no policy variables and there is no reference to any kind of institutions. The main policy variable is the emissions reduction rate μ that enters the abatement function Λ (equation [6] in Chap. 3). Besides the consumption level, the emissions reduction rate is the central control variable of the model, but it is not explained how it is determined. The social planner chooses its level such that welfare is maximised subject to the respective constraints, but it remains unclear how this is achieved. Many public policy issues are introduced into the DICE model as exogenous assumptions or constraints. As discussed in Sect. 3.3, Nordhaus introduces exogenously given temperature targets into the model and uses the model to simulate the impact on the economy and the climate system. Many non-mainstream schools of thought would argue that both economic and climate conditions affect policy choices such that the political and societal responses should be endogenous. One might, for instance, assume that severe global warming could have an intentional or unintentional effect on productivity growth, either because society deliberately wants to slow down economic growth or because social tension and conflict inhibit research and development activities. Finally, all non-mainstream schools of economic thought reject the atomistic model of economic agents, which is related to the refusal of treating the economy and society as separated systems. The atomistic agent shows up in the utility function (equation [2] in Chap. 3), in which utility is only obtained from individual consumption. There are no explicit social influences and the utility function has a fixed functional form with constant parameters. The only objective of individuals and society is the maximisation of this utility from consumption. Although Nordhaus interprets consumption in a broad sense, it is still directly coupled to produced output as shown in equation (7). The pursuit of what, for example, Maslow (1954) would call psychological needs and self-fulfilment needs or the axiological needs proposed by Max-Neef (1991), which depend crucially on the interaction with a social group and, in many cases, are unrelated to produced output, does not play a role. Furthermore, the parameter α in the utility function does not depend on social influences and is fixed over time. The same is true for the much debated rate of time preference ρ in the discount factor R (equation [3]). Assuming fixed preferences of an individual in the short run might be acceptable to explain everyday economic choices. For whole societies, however, it is undeniable that values and the cultural context of preferences change over the course of generations (see Inglehart and Welzel 2005). Value change might be of particular relevance for the analysis of environmental problems, since both private and political mitigation efforts might be a function of how society evaluates nature.
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