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Calculation S1. The Auto-Powering Capacity and Auto-Restoring Order of the Tropospheric Water Cycle
Calculation S1.1. Establishing Average Convective-Internal-Energy-Transfer-Rate Flux of Water Vapor Driven by Buoyancy
[bookmark: _Hlk211532895][bookmark: _Hlk213510301]Start by defining the flow from the sun to water that produces water vapor,  as the steady-state average radiative-heat-transfer-rate flux of solar insolation that evaporates water, 
	
	(S1)


This is the same thing as the heat transfer rate of solar radiation into water,  per unit area of the atmosphere, 
	
	(S2)


[bookmark: _Hlk214200433]The heat goes into internal energy of water vapor, and so can be expressed as the average convective-internal-energy-transfer-rate flux of rising water vapor,  per unit area of the atmosphere using the first law of thermodynamics for stage 1 of the tropospheric water cycle (TWC):
	
	(S3)


The spherical area of the flux is estimated at the top of the troposphere where the majority of water vapor flux is trapped by temperature inversion,  The solar flux falls on any given area of Earth over the course of an average of 12 hours per day to be dissipated to space over the course of 24 hours per day. The value,
	
	(S4)


for solar insolation into water vapor is part of Earth’s energy budget [1–3], a quasi-steady-state condition that is empirically estimated for the current geological epoch such that the average temperature on and above the surface of Earth remains constant. Heat transfers from other sources into water (e.g., heat from the core of Earth) are not included in this estimate. This value and the remaining calculations in this calculation assume that there is no superheating of the water vapor above  the temperature of the phase transition of liquid water to gaseous water at standard temperature and pressure.
Calculation S1.2. Calculating Average Kinematic-Mass-Flow-Rate Flux of Water Vapor Driven by Buoyancy
[bookmark: _Hlk212318193]Determine the average kinematic-mass-flow-rate flux of water vapor moved through the atmosphere by buoyancy (subscript B), , that is defined as the mass flow rate of water vapor,  per unit area of the atmosphere,
	
	(S5)


At steady state, it is the amount of mass flow rate required to move half the average convective-internal-energy-transfer-rate flux of rising water vapor through the atmosphere (Equation S4) by way of the latent heat of vaporization of water,
	
	(S6)


The average radiative-heat-transfer-rate flux of solar insolation occurs over 12 hours and is dissipated to space over 24 hours to maintain constant average temperature of Earth at steady state. The factor of ½ means the mass flux can be half that required to carry the full solar power flux, such that half the solar power energy collected during the daylight is dispersed during the day and half is dispersed at night. Using the value of the latent heat of vaporization of water of
	
	(S7)


and the empirically and analytically determined value of Equation S4, the average kinematic-mass-flow-rate flux of water vapor is calculated to be,
	
	(S8)


This analysis reveals that average convective-internal-energy-transfer-rate flux of rising water vapor is proportional to the average kinematic-mass-flow-rate flux of water vapor moved through the atmosphere by buoyancy,
	
	(S9)


Calculation S1.3. Calculating Average Gravitational-Potential-Energy-Storage-Rate Flux of Water Vapor Driven by Buoyancy
Work-input-rate flux of buoyancy on the water vapor,
	
	(S10)


[bookmark: _Hlk214204236]results in an average kinetic-mass-power flux of moving water vapor that is then converted by the conservative force field into an average gravitational-potential-energy-storage-rate flux of water vapor,
	
	(S11)


Putting Equation S11 in terms of potential energy of the mass of water vapor buoyed up, over the course of a day,  multiplied by the acceleration due to gravity,
	
	(S12)


and the average height of the troposphere,
	
	(S13)


results in
	
	(S14)


The mass of water vapor lifted in a single day divided by the time period of a day is average kinematic-mass-flow-rate flux of water vapor, Equation S8. Equation S14 now becomes
	
	(S15)


The result is that the average gravitational-potential-energy-storage-rate flux of water vapor is
	
	(S16)


This analysis reveals that gravitational-potential-energy-storage-rate flux of water vapor is proportional to the kinematic-mass-flow-rate flux of water vapor,
	
	(S17)


Calculation S1.4. Calculating Average Gravitational-Potential-Energy-Storage-Rate Flux of Displaced Air Driven by Lift
Irons and Irons provides an equation for total available gravitational potential energy associated with the vertical expansion of vapor under solar insolation on Earth [5] (Presentation 1, Section 3, Equation P1.17), provided here for convenience,
	
	(S18)


The work of the water vapor to lift air,  is equivalent to the gravitational-leveling potential energy, 
	
	(S19)


 is the result of the rising water vapor and associated vertical air displacement of height  Set equal to  and  equal to  of Equation S18,
	
	(S20)


Vertical air displacement is a result of vertical water vapor expansion,
	
	(S21)


with a water vapor density of
	
	(S22)


over the course of a 24-hour day,  at an average kinematic-mass-flow-rate flux of water vapor, 
	
	(S23)


resulting in a calculated vertical air displacement of
	
	(S24)


Work input rate flux to lift air,
	
	(S25)


results in energy storage in the conservative force field as gravitational-potential-energy-storage-rate flux of air,
	
	(S26)


Plug Equation S20 into Equation S26,
	
	(S27)


and simplify,
	
	(S28)


To calculate Equation S28, use Equation S12, Equation S22, Equation S24, , and
	
	(S29)


to get,
	
	(S30)


This analysis reveals that average gravitational-potential-energy-storage-rate flux of displaced air driven by lift is proportional to the square of the kinematic-mass-flow-rate flux of water vapor,
	
	(S31)


due to the  of Equation S23 being squared in Equation S28.
Calculation S1.5. Calculating Average System Power Flux and Average Gravitational-Potential-Energy-Storage-Rate Flux of the TWC
Average system power flux of the TWC is,
	
	(S32)


This is the auto-powering capacity (APC) of the TWC and is approximately proportional to kinematic-mass-flow-rate flux of water vapor,
	
	(S33)


as shown by the  of the sum of Equation S9 and Equation S17 being two orders of magnitude greater than the  of Equation S31, which helps with estimations of other properties of the TWC dissipative structure.
[bookmark: _Hlk211532858]Average gravitational-potential-energy-storage-rate flux associated with the average convective-heat-transfer-rate flux of the TWC is,
	
	(S34)


This is the auto-restoring order (ARO) of the TWC and is less approximately proportional to kinematic-mass-flow-rate flux of water vapor as APC,
	
	(S35)


due to the squared contribution of the  of Equation S31 that is just a single order of magnitude lesser than the total. This is a close enough approximation of proportionality to be used for estimations of other properties of the TWC dissipative structure.
Calculation S2. The Auto-Powering Capacity and Auto-Restoring Order of the Tropospheric Air Cycle
Calculation S2.1. Establishing Average Convective-Internal-Energy-Transfer-Rate Flux of the Tropospheric Air Cyle
Start by defining the flow from the sun to air that heats the air,  as the steady-state average radiative-heat-transfer-rate flux of solar insolation into air, 
	
	(S36)


This is the same thing as the heat transfer rate of solar radiation into air, 
	
	(S37)


The heat goes into internal energy of air, and so can be expressed as the average convective-internal-energy-transfer-rate flux of rising air through the atmosphere (internal energy transfer rate of air per unit area) using the first law of thermodynamics for stage 1 of the tropospheric air cycle (TAC),
	
	(S38)


The spherical area of the flux is estimated at the top of the troposphere where the where the jet streams are located,  The solar flux falls on any given area of Earth over the course of an average of 12 hours per day to be dissipated to space over the course of 24 hours per day. The value,
	
	(S39)


for solar insolation into air is part of Earth’s energy budget [1–3], a quasi-steady-state condition that is empirically estimated for the current geological epoch such that the average temperature on and above the surface of Earth remains constant. Heat transfers from other sources into air (e.g., heat from the core of Earth) are not included in this estimate.
Calculation S2.2. Calculating Average Kinematic-Mass-Flow-Rate Flux of the TAC
Determine the average kinematic-mass-flow-rate flux of air moved through the atmosphere by natural convection,  that is defined as the mass flow rate of air per unit area, 
	
	(S39)


At steady state, it is the amount of mass flow rate required to move half the average convective-internal-energy-transfer-rate flux of rising air through the atmosphere (Equation S39) by way of the specific heat capacity of air,
	
	(S40)


The average radiative-heat-transfer-rate flux of solar insolation occurs over 12 hours and is dissipated to space over 24 hours to maintain constant average temperature of Earth at steady state. The factor of ½ means the mass flux can be half that required to carry the full solar power flux, such that half the solar power energy collected during the daylight is dispersed during the day and half is dispersed at night. Using the value of the specific heat capacity of air at average atmospheric air pressure,
	
	(S41)


the average diurnal temperature change over course of 24-hour day,
	
	(S42)


and the empirically and analytically determined value of Equation S4, the average kinematic-mass-flow-rate flux of air is calculated to be,
	
	(S43)


This analysis reveals that average convective-internal-energy-transfer-rate flux of rising air through the atmosphere is proportional to the average kinematic-mass-flow-rate flux of air moved through the atmosphere by natural convection,
	
	(S44)


Calculation S2.3. Calculating Average Gravitational-Potential-Energy-Storage-Rate Flux of the TAC
Work-input-rate flux to move air by natural convection,
	
	(S45)


results in an average kinetic-mass-power flux of moving air that is then converted by the conservative force field into an average gravitational-potential-energy-storage-rate flux of air,
	
	(S46)


Putting Equation S46 in terms of potential energy of the mass of air moved,  over the course of a day,  multiplied by the acceleration due to gravity (Equation S12), and the average height of the troposphere (Equation S13), results in
	
	(S47)


The mass of air moved in a single day divided by the time period of a day is average kinematic-mass-flow-rate flux of air, Equation S43. Equation 80 now becomes
	
	(S48)


The result is that the average gravitational-potential-energy-storage-rate flux of air is
	
	(S49)


This analysis reveals that average gravitational-potential-energy-storage-rate flux of air is proportional to the kinematic-mass-flow-rate flux of air,
	
	(S50)


Calculation S2.4. Calculating Average System Power Flux and Average Gravitational-Potential-Energy-Storage-Rate Flux of the TAC
Average system power flux of the TAC is,
	
	(S51)


This is the APC of the TAC and is proportional to kinematic-mass-flow-rate flux of air,
	
	(S52)


This helps with estimations of other properties of the TWC dissipative structure.
Average gravitational-potential-energy-storage-rate flux associated with the average convective-heat-transfer-rate flux of the TAC is,
	
	(S53)


This is the ARO of the TAC and is proportional to kinematic-mass-flow-rate flux of air,
	
	(S54)


Calculation S3. Transfer of Specific Heat Quality Output from Tropospheric Water and Air Cycles to the Jet Stream
The first step is to empirically calculate the heat-quality-rate fluxes delivered to the tropopause. Use specific conditional heat quality outputs delivered to the tropopause from stage 3 of the TWC,  and stage 3 of the TAC,  as well as the kinematic-mass-flow-rate fluxes delivered to the tropopause from stage 3 of the TWC,  (Equation S8), and stage 3 of the TAC,  (Equation S43). The heat-quality-rate fluxes delivered to the tropopause are determined by multiplying the specific conditional heat quality output by the delivered kinematic-mass-flow-rate flux. Note that a Joule per second,  is a Watt,  The heat-quality-transfer rate flux delivered by the TWC is,
	
	(S55)


and the heat-quality-transfer-rate flux delivered by the TAC is,
	
	(S56)


With a dry air specific heat capacity in the tropopause,  at temperature,  and at pressure,  the maximum-mass-engagement-rate flux of dry air in tropopause is determined using the following empirical equation,
	
	(S57)


With a dry air density in tropopause,  the speed of moving air being driven by convective heat dissipation is determined using the following empirical equation, assuming heat is spread equally over entire atmosphere,
	
	(S58)


The convective heat dissipation of the TWC and TAC out of stage 3 are transferred latitudinally by convection between the tropics and the poles and concentrated into four major jet stream dissipative structures at 30° and 60° north and south latitudes that extend around the globe and are 100 miles wide each. Minor jet streams are excluded from this calculation, considering we are calculating maximum effects if all transferred power goes into four jet streams. This concentration of energy into four sectional ribbons of the spherical surface of the tropopause results in multiplying the energy concentration by a jet stream multiplier, 
	
	(S59)


Based upon an atmospheric radius measured from the center of Earth,  and an approximate width of a jet stream ribbon,  the speed induced in the jet stream by the heat-quality-rate fluxes delivered to the tropopause by the TWC and the TAC is,
	
	(S60)


Compare this to average empirically measured jet stream speeds of 177 kph. The empirically derived and estimated calculations, above, suggest that an amount of energy comes from the TWC and TAC to achieve as much as 34 kph of the speed of the jet streams. The rest of the power in the jet streams comes from weather cell cycles, the drag of the spinning Earth on the atmosphere, and direct heating of the tropopause by solar radiation.
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