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This manuscript describes the formulation of an economic model that is supposed to include a better treatment of
inflation, mixed in with some „thermodynamic“ interpretation and link to climate (I think). I should note that I am
not an economist, so it may need assessment from someone familiar with economics as well. Yet, the journal is also
not an economics journal, but an interdisciplinary Earth system sciences journal. Given that, I found it really difficult,
actually, near to impossible to follow, and, quite frankly, unsuitable for an interdisciplinary journal in its present form.5
There may be an interesting insight somewhere hidden, but it seems to have been drowned by equations. There are
no comparisons of the equations or of the results to observations, so the model represents some form of speculation, I
guess. In any case, I do not think that this manuscript would need a complete rewrite to make it more accessible, which
is why I recommend its rejection.

We thank the Reviewer for their comments. Earth System Dynamics is an interdisciplinary journal that is heavy in analytical10
descriptions of the Earth system and its dynamics, necessarily relying heavily on equations. It is for this reason that the paper
was submitted to ESD because of the reader familiarity with analytical treatments as well as with physics. The article includes
extensive comparisons of observations with the model, particularly in Sections 4 and 5.

Nonetheless, we appreciate that the Reviewer might prefer a treatment that is less reliant on equations so we have added to
the manuscript the following figures to help clarify the document. We have also tried to rewrite the most visible sections such15
as the title and abstract so that they are more accessible to a reader with a non-mathematical background.

The title is now: Climate change, economic decay, and the risk of global inflation
The abstract is:

Regional climate anomalies have historically been associated, in turn, with price increases, social conflict, and
economic decline. Integrated Assessment Models (IAMs) used to estimate future climate damages generally de-20
scribe losses to real, inflation-adjusted GDP, while offering little guidance on the inflationary response. Here, we
introduce a highly aggregated framework for world economic growth in which inflation is treated as an intrinsic
property rather than an exogenous forcing. The framework builds from the definition of a new quantity termed civ-
ilization “Wealth" as the historical accumulation of global real output. Over an accounting interval, normally one
year, nominal production is decomposed into a real addition to Wealth and a period-averaged decay or devaluation25
term. Inflation then reflects a changing gap between nominal production and real additions to Wealth. We show
that standard IAM climate damage formulations translate into faster decay of Wealth, but that, even for high-end
damage estimates and global mean temperature increases, the annual inflation increment remains small, less than
about 0.3% per year. Nevertheless, larger global inflationary shocks cannot be ruled out. Empirically, Wealth is
linked to global primary energy consumption through a constant scaling factor. If climate change or other stresses30
accelerate decay so that production is redirected from expansion toward maintenance, then the growth of energy
use and Wealth could slow towards stagnation. In this limit, the gap between nominal and real production widens
rapidly, and stagflation or even hyperinflation may emerge as key signatures of global economic distress. These
results suggest that assessments of climate damages should track not only damages to real GDP, but also the risk
for a widening gap between nominal activity and real accumulation.35

2



Growth of Wealth through real production  

Nominal
production 

Devaluation

Real
production

Wealth
Wealth grows from real 
production when 
devaluation is low

dW/dt = Y = YN � �W = ⌘W

<latexit sha1_base64="+1DDupj4iQNe0hYxoBNflbSD2uc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4sc5IQV0IRTeupILtVDqlZDJpG5pkhuSOUEo/wI2/4saFIm79AHf+jeljoa0HLhzOOZfknjAR3IDrfjuZhcWl5ZXsam5tfWNzK7+9UzNxqimr0ljEuh4SwwRXrAocBKsnmhEZCuaHvauR7z8wbXis7qCfsKYkHcXbnBKwUitfiPzjCPAFvh9N6wYf4aBDpCTYt0LAwBKbcovuGHieeFNSQFNUWvmvIIppKpkCKogxDc9NoDkgGjgVbJgLUsMSQnukwxqWKiKZaQ7GxwzxgVUi3I61HQV4rP7eGBBpTF+GNikJdM2sNxL/8xoptM+aA66SFJiik4faqcAQ41EzOOKaURB9SwjV3P4V0y7RhILtL2dL8GZPnie1k6JXKp7flgrly2kdWbSH9tEh8tApKqNrVEFVRNEjekav6M15cl6cd+djEs04051d9AfO5w9C0pf9</latexit>

�W

<latexit sha1_base64="3DPl+mJenLZCT/jF5BFtQxBTGtc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhjLZbtqlu0nc3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCR6xpuFGsE6iGMpAsHYwvp357SemNI+jBzNJmC9xGPGQUzRW6vSGKCWSdr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14ZWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHq16vV9rVK/yeMowgmcwjl4cAl1uIMGNIGCgGd4hTfn0Xlx3p2PRWvByWeO4Q+czx+N8o+s</latexit>

Stagnating Wealth growth 
due to climate damages to 
nominal production 

Accelerating 
devaluation

Wealth grows only if nominal production exceeds devaluation

W = E/w̄

<latexit sha1_base64="yEUsARaZcouUKV6mnzWzE2LaU4k=">AAAB83icbVBNSwMxEJ34WetX1aOXYBE81V0pqAehKILHCvYDukvJptk2NJtdkqxSlv4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL0gE18ZxvtHS8srq2npho7i5tb2zW9rbb+o4VZQ1aCxi1Q6IZoJL1jDcCNZOFCNRIFgrGN5M/NYjU5rH8sGMEuZHpC95yCkxVvJa+ArfnnoBUfipWyo7FWcKvEjcnJQhR71b+vJ6MU0jJg0VROuO6yTGz4gynAo2LnqpZgmhQ9JnHUsliZj2s+nNY3xslR4OY2VLGjxVf09kJNJ6FAW2MyJmoOe9ifif10lNeOFnXCapYZLOFoWpwCbGkwBwjytGjRhZQqji9lZMB0QRamxMRRuCO//yImmeVdxq5fK+Wq5d53EU4BCO4ARcOIca3EEdGkAhgWd4hTeUohf0jj5mrUsonzmAP0CfPxE2kG4=</latexit>

YN = �W

<latexit sha1_base64="q8Ho5k5tUXaXn86XWQDqjSmnxY0=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQD0IQS+eJIJ5SLKE2UlvMmT24cxsICz5Di8eFPHqx3jzb5wke9DEgoaiqpvuLi8WXGnb/rZyK6tr6xv5zcLW9s7uXnH/oKGiRDKss0hEsuVRhYKHWNdcC2zFEmngCWx6w5up3xyhVDwKH/Q4Rjeg/ZD7nFFtJPexe0euSMdDTUmzWyzZZXsGskycjJQgQ61b/Or0IpYEGGomqFJtx461m1KpORM4KXQShTFlQ9rHtqEhDVC56ezoCTkxSo/4kTQVajJTf0+kNFBqHHimM6B6oBa9qfif1060f+GmPIwTjSGbL/ITQXREpgmQHpfItBgbQpnk5lbCBlRSpk1OBROCs/jyMmmclZ1K+fK+UqpeZ3Hk4QiO4RQcOIcq3EIN6sDgCZ7hFd6skfVivVsf89aclc0cwh9Ynz8BxpD6</latexit>

Y = ⌘W

<latexit sha1_base64="G3uMcs/EtUIYcd7QDEec4SXt9uo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQD0IQS8eI5iHJkuYnXSSIbOzy8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JezOO0Q/pQPI+Z9RY6fGBXJEOGkqa3WLJLbszkGXiZaQEGWrd4lenF7EkRGmYoFq3PTc2fkqV4UzgpNBJNMaUjegA25ZKGqL209nFE3JilR7pR8qWNGSm/p5Iaaj1OAxsZ0jNUC96U/E/r52Y/oWfchknBiWbL+ongpiITN8nPa6QGTG2hDLF7a2EDamizNiQCjYEb/HlZdI4K3uV8uVdpVS9zuLIwxEcwyl4cA5VuIUa1IGBhGd4hTdHOy/Ou/Mxb8052cwh/IHz+QPtBo/N</latexit>

Y = ⌘W

<latexit sha1_base64="G3uMcs/EtUIYcd7QDEec4SXt9uo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQD0IQS8eI5iHJkuYnXSSIbOzy8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JezOO0Q/pQPI+Z9RY6fGBXJEOGkqa3WLJLbszkGXiZaQEGWrd4lenF7EkRGmYoFq3PTc2fkqV4UzgpNBJNMaUjegA25ZKGqL209nFE3JilR7pR8qWNGSm/p5Iaaj1OAxsZ0jNUC96U/E/r52Y/oWfchknBiWbL+ongpiITN8nPa6QGTG2hDLF7a2EDamizNiQCjYEb/HlZdI4K3uV8uVdpVS9zuLIwxEcwyl4cA5VuIUa1IGBhGd4hTdHOy/Ou/Mxb8052cwh/IHz+QPtBo/N</latexit>

Economics of civilization growth

�W

<latexit sha1_base64="GTw7vgw6v6G93WdTun71aeHkUeA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2KbQhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCobZJMM95iiUx0J6SGS6F4CwVK3kk1p3EouR+O72a+/8S1EYl6xEnKg5gOlYgEo2glvxdypMTvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPj93Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGz38lAaM5QTiyhTAt7K2EjqilDm1DFhuAtv7xK2hd177J+83BZa9wWcZThBE7hHDy4ggbcQxNawGAMz/AKb07qvDjvzseiteQUM8fwB87nD8oLjzs=</latexit>

�W

<latexit sha1_base64="3DPl+mJenLZCT/jF5BFtQxBTGtc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhjLZbtqlu0nc3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCR6xpuFGsE6iGMpAsHYwvp357SemNI+jBzNJmC9xGPGQUzRW6vSGKCWSdr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14ZWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHq16vV9rVK/yeMowgmcwjl4cAl1uIMGNIGCgGd4hTfn0Xlx3p2PRWvByWeO4Q+czx+N8o+s</latexit>

�W

<latexit sha1_base64="GTw7vgw6v6G93WdTun71aeHkUeA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2KbQhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCobZJMM95iiUx0J6SGS6F4CwVK3kk1p3EouR+O72a+/8S1EYl6xEnKg5gOlYgEo2glvxdypMTvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNabruSkGOdUomOTTSi8zPKVsTIe8a6miMTdBPj93Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGz38lAaM5QTiyhTAt7K2EjqilDm1DFhuAtv7xK2hd177J+83BZa9wWcZThBE7hHDy4ggbcQxNawGAMz/AKb07qvDjvzseiteQUM8fwB87nD8oLjzs=</latexit>

�W

<latexit sha1_base64="3DPl+mJenLZCT/jF5BFtQxBTGtc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhjLZbtqlu0nc3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCR6xpuFGsE6iGMpAsHYwvp357SemNI+jBzNJmC9xGPGQUzRW6vSGKCWSdr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14ZWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHq16vV9rVK/yeMowgmcwjl4cAl1uIMGNIGCgGd4hTfn0Xlx3p2PRWvByWeO4Q+czx+N8o+s</latexit>

Figure 1. Illustration of the economic growth of civilization expressed in terms of its Wealth W as defined by Eq. ??. Wealth is the global
historical accumulation of real production Y . It grows due to nominal production YN = βW opposed by devaluation γW where β and γ are
variable coefficients. When γ approaches β, perhaps due to climate damages, growth in W at rate η = β− γ declines due to a drop in Y .
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Energy grows only if resource consumption exceeds heat and waste

Figure 2. Illustration of the thermodynamic growth of civilization defined by a potential energy relative to an uncivilized state ∆G, that
is continuously powered by dissipation of primary energy at rate E as the potential relaxes to ∆G= 0 as waste heat is transferred to the
environment. Growth at rate β∆G requires a surplus of energy and matter beyond decay at rate γ∆G for a net growth rate η = β−γ. Climate
damages, accelerate decay slowing growth ∆G and E.
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Figure 3. The correspondence between the economic growth and thermodynamic growth of civilization (Figs. 1 and 2 the constant relating
energy consumption E to global, historically accumulated economic real economic production W through w̄ = E/W as it is subject to
devaluation and decay accelerated by climate damages.
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