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Overview

Most of the literature on assessing economic costs of climate change relies on equilibrium models where the possibility of a global collapse is a priori neglected. In constrast, Turner (2008) shows that the median prospective scenario of the Meadows report (1972), based on non-linear dynamical systems, turns out to be surprisingly close to historical observations. Finally, Motesharrai et al. (2014) demonstrate, using a predator-prey approach, that it is at least possible to conceive an economic dynamic leading to a collapse due to natural resource scarcity. However, neither the Meadows report, nor  Motesharrai et al. (2014) include the financial aspect of macro-economic growth in their models. 
In this paper we develop a macroeconomic model of (de)growth, taking into consideration the ecological constraints arising from climate change as well as the pivotal role of private debt. Using the Goodwin-Keen model  (Grasselli and Costa Lima, 2012), which is inspired by the predator-prey logic  and based on a non-linear dynamics, as a benchmark growth model, we couple it with a damage function à la Nordhaus, reflecting the loss in the final production due to the temperature increase caused by the rising levels of CO2 emissions. 
The paper is structered as follows: the introduction provides a brief overview of the Goodwin model, along with its extension made by Keen; the second section incorporates an environmental module into the basic Goodwin model, which allows us to estimate the damage to production occurring from climate change in relation to the damage function type we chose; the third section presents the Goodwin-Keen model, applied to tracking debt dynamics, which leads to a system for evaluating debt levels under environmental constraints; the results of our numerical calculations are presented and analyzed in the fourth section, followed by a conclustion.
Methodology
Production in the article is presented by the Leontief-type production function, while the economic growth is calculated based on the production level depressed by the damage occurring due to climate change. The environmental module of the model is developed in order to link the initial production level with the CO2 emissions, temperature increase, and the subsequent damage of the production level. The damage of production is described by two widely-used functions, the standard quadratic one and one introduced by Weitzman (2012). Prior to the introduction of debt in the model, we evaluate how the different forms of the damage function influence the overall economic growth. After the production level is defined with the respect to the potential damages, we add a debt equation to the system and move towards the Goodwin-Keen model. Introduction of debt allows anticipating potential financial risks, which can appear as a result of additional investments requirements necessary for financing the capital recovery and the development of the abatement technologies. The resulting model is represented by a system of three differential equations, describing the evolution of the employment rate, average wage rate and private debt under the ecological constraints, which are imposed through the GDP adjustment.

Results

First, a Goodwin model with Leontief-type production function is considered under environmental constraints, and the economy growth/decline trajectory is evaluated for different types of damage functions. Secondly, the debt is incorporated in the model, and the debt dynamics are examined in the presence of damage. Numerical simulations allow identification of long-run equilibria together with their basin of attraction. Simulations suggest that business-as-usual scenarios may lead to a global collapse within this century along the following narrative: even though the direct damages inflicted by climate change on GDP remain relatively small in the next decades (a few percentage points, each year, at the world level), they significantly impact the private sector’s profits, and hence investments. The lack of investment finally induces a further reduction of GDP in the medium run, launching a perverse spiral. Eventually, the private sector’s debt skyrockets as a consequence of diminishing profits. Under the conditions that we numerically identify, this may lead to a global collapse of the world economy.
Conclusions
In this paper, we attempt to study a trajectory of future economic growth in the presence of damage caused by climate change. A particular consideration is given to the effects of mitigating the consequences of damage on the debt level. As demonstrated by our analysis, the continuous need for investments necessary to recover from the occurring damage will significantly boost the debt level and will eventually lead to a collapse of the economy overall. To our knowledge, this is the first example of a macro-economic simulation of an empirically-estimated model illustrating the possibility of a collapse. 
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