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Climate change, in the framework of the constructal law
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Abstract: Here we present a simple and transparent alternative to the complex models 
of earth’s thermal behaviour under time-changing conditions. We show the one-to-one 
relationship between changes in atmospheric properties and time-dependent changes 
in temperature and its distribution on earth.  The model accounts for convection and 
radiation, thermal inertia and changes in albedo (ρ) and greenhouse factor (γ). The 
constructal law is used as the principle that governs the evolution of fl ow confi guration 
on earth. The model showed that for two time-dependent scenarios, (δρ = 0.002; 
δγ = 0.011) and (δρ = 0.002; δγ = 0.005) the predicted equatorial and polar temperature 
increases and the time scales are (∆TH = 1.16 K; ∆TL = 1.11 K; 104 years) and (0.41 K; 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Repositório Científico da Universidade de Évora

https://core.ac.uk/display/62454396?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Climate change, in the framework of the constructal law 243

0.41 K; 57 years), respectively. A continuous model of temperature variation was used 
to predict the thermal response of the Earth’s surface to changes bounded by δρ = δγ and 
δρ = −δγ. The poleward heat current reaches its maximum in the vicinity of 35° latitude, 
accounting for the position of the Ferrel cell between the Hadley and Polar Cells.

Reference to this paper should be made as follows: Clausse, M., Meunier F., 
Reis, A.H. and Bejan, A. (2012) ‘Climate change, in the framework of the 
constructal law’, Int. J. Global Warming, Vol. 4, Nos. 3/4, pp.242–260.
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1 Introduction

In this paper, we present in simple terms the relationship between changes in average 
atmospheric properties and time-dependent changes in the distribution of temperature on 
earth. We focus on the predictable relationship between these two phenomena, not on what 
may cause changes in the atmosphere. We show that if atmospheric changes are known or 
predicted, climate response is predictable in concise and transparent terms.
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Two recent articles (Bejan and Reis, 2005; Reis and Bejan, 2006) showed how to use the 
constructal law to predict the essential features of global climate and atmospheric and oceanic 
circulation. This was demonstrated in simple and direct terms (with pencil and paper) by 
combining the constructal law with a simple model of the earth as a heat engine connected to a 
brake, i.e., an engine with zero delivery of mechanical power to an external user. In accordance 
with the constructal law, the access of the convective heat current fl owing from the warm zone 
of the earth to the cold zones was maximised. This was achieved by properly sizing the areas of 
the warm and cold zones, i.e., by generating the confi guration (the design) of the fl ow system 
and from this were derived the basic climate features, which match observations.

The work described in Bejan and Reis (2005) and Reis and Bejan (2006) was based 
on steady-state and quasisteady (periodic, diurnal) models. Its success recommends its 
application to elucidating what is perhaps the biggest issue in geophysics today: climate 
change, its time scale and how to make its treatment and understanding accessible with 
pencil and paper, or chalk on the blackboard. In this article, we unveil the relationship 
between changes in the radiative properties of the atmosphere (albedo, greenhouse factor) 
and time-dependent changes in the global climate. The key features of this relationship are 
the time scale and magnitude of the changes.

Before plunging into details, we draw attention to the two signifi cant bodies of literature 
to which this new work belongs. First, the constructal law has been applied with success 
to predict patterns in nature in many domains other than global climate, for example, river 
basins scaling, the distribution of human settlements in geography, animal locomotion 
(running, fl ying, swimming, sports evolution), dendritic solidifi cation, turbulent fl ow 
structure, human dynamics (e.g., urban design, city traffi c), allometric scaling in biology, 
cracks in shrinking solids, dendritic aggregation of dust particles, heterogeneous multiscale 
porous media, etc. This literature was reviewed in Bejan (1997, 2000, 2006), Reis (2006) 
and Bejan and Lorente (2006).

Second, in geophysics there is a signifi cant body of work based on ad hoc invocations 
of optimality, for example, Maximum Entropy Production (MEP) in Malkus (1954), Lorenz 
(1955), Paltridge (1975, 1978), Schulman (1977), North (1981), Lin (1982), Swenson (1989) 
and Lorenz et al. (2001). This work was reviewed in Reis and Bejan (2006) and Whitfi eld 
(2006) and is not reviewed again here. It suffi ces to say that the constructal law is different 
from MEP because the constructal law is a general statement of physics, about a physics 
phenomenon that had been overlooked: the time evolution (generation) of fl ow confi guration 
(design). It is not about the end result (max, min, or optimal), but about the time direction 
of the evolution phenomenon itself. It applies across the board, from geophysics to biology, 
engineering and social dynamics. 

The constructal law was proposed as a self-standing law of physics in 1996: “For a fi nite-
size fl ow system to persist in time (to live), its confi guration must change in such a way 
that it provides easier and easier access to the currents that fl ow through it” (Bejan, 1997). 
The direction of the ‘movie tape’ of fl ow confi guration evolution is the law: existing fl ow 
confi gurations are being replaced in time by easier fl owing confi gurations.

2 Model

We use the model proposed in Reis and Bejan (2006) (see Fig. 1). The surface temperature is 
quasi-steady: it is averaged over many daily cycles and annual cycles, but it changes slowly 
with the changes in the radiative properties of the atmosphere. The surface is not isothermal: 




