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ABSTRACT 
Atmospheric or climate phenomena are usually a combination of elementary events whose scales range from the 
very small (microscopic) to the infinitely large (synoptic). This means that build reasoning from ground- or 
space-based observations only, regardless of the physics of elementary processes, inevitably leads to erroneous 
results. Given the fact that plots of Troposphere Tricellular Circulation are only based on weather mean condi- 
tions measured near the ground (i.e.: pressure and winds fields observed at the surface of the earth), we want to 
improve these representations of the general circulation of the atmosphere, by using both Clausius-Clapeyron 
Relation and Carnot Principle derived respectively in 1832 and 1824. Indeed, Clausius-Clapeyron relation shows 
precisely that, unlike the dry water vapor that can be assimilated to the ideal gas at many circumstances, the 
saturated water vapor has, in an air parcel at the same time cold (temperature below 0.0098˚C) and rich in 
moisture (vapor pressure above 6.11 mb), thermoelastic properties diametrically opposed to those of ideal gas 
(including dry water vapor). Vertical profiles of temperature and water vapor in the atmosphere provided by 
ground- or space-based observations lead to the location of a troposphere region in which the ideal gas assump-
tion should be banned: hence appropriate and unique plot of earth’s atmosphere tricellular circulation. 
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1. Introduction 
It is now proven that between the two equal level sur- 
faces of temperature and water vapors rating respectively 
at 0.0098˚C and 6.11 mb, troposphere thermoelastic pro- 
perties are diametrically opposed to those of the ideal gas 
[1-4]. The consequences of this revelation on our percep- 
tion of climate phenomena are many. For instance, hot 
air is not always lighter than cold air throughout the tro- 
posphere. This thermodynamic property was unfortu- 
nately unknown to public and has led to numerous errors 
and inconsistencies that abound in many Atmospheric 
and Climate Sciences publications (including audio- 
visuals productions). Before using perfect gas assump- 
tion everyone must now remember that one of the con- 

stituents of the atmosphere (saturated water vapor in this 
case) has, depending on the location, behavior diametrically 
opposite to that of ideal gas. This subtle precaution al- 
lows avoiding misinterpretations like that updrafts are 
necessarily associated with warming or that downdrafts 
are necessarily associated with cooling [5-24]. Clausius- 
Clapeyron formula combined with Carnot principle 
strengthens our knowledge of the passive convection mo- 
vements (through-out the troposphere) and finally allows 
earth’s atmosphere tricellular circulation thermodynam-
ics and kinematics. Each of us will now easily see that 
the presence of water substance in all three states in the 
earth’s atomsphere gives to troposphere the exclusivity 
of a general circulation consists of three groups of pas-  
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sive convective cells (Hadley, Ferrel, and Polar) on either 
side of the ITCZ (Inter Tropical Convergence Zone). 

2. Clausius-Clapeyron (1832) Impacts on 
Troposphere Dynamic Balance 

Atmosphere dynamics uses precise concept of air particle 
[25-27]. Especially: 

1) Few exchanges on molecular scale: it is easy to fol- 
low quantity of air which preserves certain properties. 

2) Quasi-static equilibrium: at any moment there is 
dynamic balance, i.e., the particle has the same pressure 
as its environment (P = Pext). 

3) No thermal balance: heat transfers by conduction 
are very slow and neglected. One can have T ≠ Text. 

4) The horizontal sizes of the air particle can go from a 
few cm to 100 km according to the applications. 

Taking into account the fact that the atmosphere is 
mainly composed of dry air and water vapor, the Dal-
ton’s law connects the pressure (P) with the partial pres-
sure of dry air (Pa) and saturated water vapor (ew) 

a wP P e= +                (1) 

In deriving (P) with respect to the temperature, one has 

d d
d dV T

P P P V
T T V T

∂ ∂     = +     ∂ ∂     
         (2) 

According to the Quasi-static equilibrium (or dynamic 
balance) the pressure of the parcel of air must be the 
same as that of the ambient air, including during sudden 
local changes in phases by water contained in this parcel. 
Reality that all meteorologists restore through the fol-
lowing famous sentence: the phases change takes place 
at constant pressure. Thereby write Equation (3), 

d 0P =                    (3) 

Equations (2) and (3) lead to the derivative of V com-
pared to T 

d
d

V
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               (4) 

Introducing the coefficient of thermal expansion of 
moist air at constant temperature 

1

T

P
P V

χ ∂ = −  ∂ 
               (5) 

Then the fundamental relationship of atmosphere dy-
namic balance: 

d 1 1
d V

V P
T P Tχ

∂ = ⋅  ∂ 
            (6) 

One can also write equation of atmosphere dynamic  

balance in terms of partial pressures  

d 1 1
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Or, 

d 1 1
d

w
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 ∂ ≅ ⋅   ∂  
            (8) 

Relations (6) and (7) lead to a very important atmos-
phere dynamics statement: 

At any moment and throughout the atmosphere, one 
can use Equations (6) or (7) and Clausius-Clapeyron 
slope of the equilibrium curves in the pT-plane (Figure 1) 
to predict in which direction the air parcel will move (up 
or down) if its temperature increases or decreases. Table 
1 and Figure 2 provide an overview of possible situa-
tions in the troposphere. 

3. Application of Carnot Principle (1832) to 
Mean Meridional Circulation 

3.1. Carnot Cycle’s Diagrams 

The Carnot cycle is an ideal thermodynamic cycle con-
sists of four reversible processes (Figures 3 and 4): iso-
thermal expansion, adiabatic expansion (so as reversi-
ble isentropic) isothermal compression and adiabatic 
compression. This is the most efficient cycle to get work 
from two sources of heat constant temperatures; the re-
verse cycle is the most efficient way to transfer heat from 
a cold source to a hot source from a work source. The 
effectiveness of other cycles and real machines is com-
pared to that of the Carnot cycle through the performance, 
a dimensionless number between 0 (zero efficiency) and 
1 (perfect efficiency) characterizes that effectiveness. One 
of the objectives of this paper is to remember that, contrary 
to what is taught until now; the hot air is not always 
lighter than cold air throughout the troposphere. Indeed 
there is a region between the surfaces rating restively at 
6.11 mb and 0.0098˚C, in which the cold updrafts and 
warm downdrafts are thermodynamically authorized 
(Figure 2). Updrafts observed over cumulonimbus’ cold 
downdrafts can now be understood. 

3.2. Thermodynamic Sizes of Hadley Cells  
Derived from Tornadoes’ Clouds 

Vertical sizes of Hadley cells are revealed by vertical 
profile of low troposphere clouds (N.B.: clouds are for 
our eyes, tracers of the wind’s streamlines) that accom- 
pany the formation of Tornadoes. Indeed, Tornadoes 
involves vertical velocity (w) significantly higher than 
those involved in the formation of Hadley cells (where w 
≈ 0), and all the photos (Figures 5(a) and (d)) of these  
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Figure 1. Saturation curves for water substance onto the pT-plane (pT and TT are called triple-point data): ewT = 6.11 mb; TT = 
0.0098˚C. 

 
Table 1. Pressure variation of a constant volume of moist air, depending on the temperature T: in specific regions of the tro-
posphere, delimited by equal level surfaces rating respectively at 0.0098˚C and 6.11 mb. 

Range of temperature coupled with range of humidity T ˂ 0.0098˚C 
ew ˂ 6.11 mb 

T ˂ 0.0098˚C 
ew ˃ 6.11 mb 

T ˃ 0.0098˚C 
ew ˃ 6.11 mb 

V

P
T
∂ 

 ∂ 
 + − + 

d
d
V
T

 + − + 

 

 
Figure 2. Troposphere specific regions depending on the manner in which V changes with T (V and T are respectively volume 
and temperature of an air parcel): (dV/dT) > 0; the particle swells when its temperature increases (so it becomes lighter); 
(dV/dT) < 0 the particle shrinks when its temperature increases (so it becomes less light). 
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Figure 3. Carnot Cycle in pV-diagram. A-B: isothermal 
expansion; B-C: adiabatic expansion; C-D: isothermal com-
pression; D-A: adiabatic compression 

 

 
Figure 4. Carnot Cycle in TS-diagram. 

clouds (whose bases are crowded near the ground by 
numerous kind of debris) show that: the lower tropo-
sphere warm updrafts are inevitably stopped by a physi-
cal process stayed well below the tropopause. According 
to Clausius-Clapeyron relation delivered in paragraph (2), 
that physical process is the first reversal of deep and pas-
sive convection vertical movements which takes place at 
the 0.0098˚C isotherm. Furthermore the cloud formation 
in the lower troposphere is indicative of adiabatic expan-
sion that under the Carnot cycle requirements delivered 
in paragraph (3.1.) must be immediately followed by an 
isothermal compression. Hence this low-troposphere 
cloud’s horizontal spreading which reveals the beginning 
of the descent of convective cells to lower altitudes. 

These thermodynamic and kinematic proofs (torna-
does’ clouds profile; Clausius-Clapeyron saturation 
curves for water substance onto the pT-plane and 
Carnot Cycle configuration) are irrefutable and lead to 
conclusive evidence that the 0.0098˚C isotherm over-
looks the Hadley cells (Figure 6(a)) contrary to what is 
shown in Figures 6(b) and (c). 

4. Conclusion 
Using the ideal gas approximation, without first making 
the necessary checks was from the founding fathers of 
modern meteorology (George Hadley (1735), Tor 
Bergeron (1959), William Ferrel (1860)), a fatal error. 
Indeed their successive representations of general circu-
lation have suffered from this blunder. Nobody, however, 
can blame the founding fathers because they have pro- 
moted meteorology in several areas and that their availa- 

 

 
Figure 5. (a)-(d) Tornadoes are like little-bombs triggered by cloud’s additional greenhouse (Mbane, 2013). Indeed, Rayleigh 
and Reynolds numbers of passive convection motions depend mainly on air parcel temperature and humidity. Within addi-
tional greenhouse, temperature and water vapor increase exponentially and finally (as atmosphere is a dissipative system) 
trigger violent adiabatic expansion or tornadoes (as Rayleigh and Reynolds numbers become higher and generate turbulent 
motions). 
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(a)                                                 (b) 

 
(c) 

Figure 6. (a) Schematic representation of the general circulation based on troposphere dynamic balance; (b) Schematic illus-
tration of the observed hemispheric mean meridional Circulation C. A. Riegel [27]; (c) Schematic representation of the gen-
eral circulation, modified after Bergeron and Rossby (H. R. Byers, 1959). 

 
ble observations did not allow doubt about the ideal gas 
approximation. Now, doubts are no longer allowed and 
efforts should be made to rectify many of the misinter-
pretations, which abound in meteorology. Meteorologists 
can benefit greatly from advances in fluid mechanics and 
thermodynamics. One of the goals of this work is to en-
courage more collaboration between meteorologists and 
physicists. 
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