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The change of the climate is characterized by the increase in temperature and a larger standard
deviation of the temperature distribution. Having the data of temperature for each of the 40
regions of Romania on a monthly basis in time, starting 1961, a two fold analysis was done: first,
with the purpose to check the evolution of the average temperature and of the associated
distributions standard deviation and second, to assess the risks stemming from the combined
effects of temperature and precipitation in each region that result in flood and drought and snow
and freeze risks.
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Risk maps



Flood risk [thousand USD per year] Drought risk [thousand USD per year]

Snow risk [thousand USD per year] Freeze risk [thousand USD per year]



distribution of risk pemium per capitaTotal CC events risk map [thousands US$]



Natural gas risk in Italy
[probable deaths / million inhabitants]

Romania gas grid CC and mechanical risk 
[probable deaths/1000 cap]



Irreversible Thermodynamics approach

Considering the two systems: economy and environment
interconnected one may write the irreversible Thermodynamics
equation to describe the interconnection (Guminski, 1964 and
deGroot, 1984). The terms in describing the exchange of
material resources are neglected for now.

dU/dt+TdS/dt=0

where: dU – energy exchange ; dS – entropy variation ; T -
temperature ; t - time

this transforms to:

T=(dU/t)/(-dS/t) 



Energy intensities of GDP, selected countries,1850-1990 
(tep/1980 dollars x1000) 



Estimated temperature increase for selected economies [oC]



This effect of temperature increase of the environment due to
a more efficient organization of the economy has to be
compensated in order not to accumulate and lead to the
elimination of the local (subsystem) of low entropy.

The compensation may come from the term that we have
willingly neglected above i.e. the exchange of material
resources between economy and environment. This adds one
more term to the above equation:

dST/dt+dU/dt+Skidmi/dt=0

where: ki – a constant of each resource i measured in energy
per unit of resource; it describes the technologies available for
using the said resource;
mi – the quantity of resource i exchanged



Circular economy

For example, to diminish the temperature increase one needs
to reduce the new denominator (dU/dt+ Skidmi/dt). This is
done by e.g. reducing the velocity of transfer of primary
resources by increasing product use time i.e. -dm/dt.. In
economic terms this would mean e.g. to make more durable
products with more possibilities to increase their use time by a
better maintenance capability in their design and by a better
type of service in operation. Also, the recycling of waste may
contribute to diminishing the rate of transfer of primary
resources from/to the environment. Making steel from scrap
metal rather than from ore has an impact both on less primary
resource transfer and on the smaller overall consumption of
energy for metallurgical production. Also using renewables or
high energy content materials like Uranium or Thorium helps
reduce the emissions and the mass/energy transfer.
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