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1 Global Climate by Navier-Stokes Equations

Thermodynamics is a funny subject. The first time you go tghoit, you dont
understand it at all. The second time you go through it, yinktiiou understand
it, except for one or two small points. The third time you gootigh it, you know
you dont understand it, but by that time you are so used tbdgesnt bother you
any more. (Physicist Arnold Sommerfeld (1868-1951))

Global climate results from a thermodynamic interactiotween the atmosphere
and the ocean with radiative forcing from the Sun, grawtai forcing from the Earth
(and the Moon) and dynamical Coriolis forcing from the rimtatof the Earth. The
thermodynamics is described by tNavier-Stokes equations (NSE) of fluid dynamics,
for a variable density incompressible ocean and compiesaitmosphere, expressing
conservation of mass, momentum and energy.

The atmopshere transports heat energy absorbed by thedtdikibe from the Sun
to a top of the atmosphere TOA from where it is radiated to gpace, and thus acts
as an air conditioner or heat engine [8] keeping the surfamgeérature constant under
radiative forcing from the Sun. A basic question in climatesce is the stability of
this air conditioner under varying forcing, more specifictthe change of surface tem-
perature under doubled concentration of atmosphe€ls (from 0.028% to 0.056%) ,
referred to aslimate sensitivity.

The heat is transported by the atmosphere in a combinatidheomodynamics
(turbulent convection and phase change in evaporatiodftsation) and radiation,
roughly 2/3 by thermodynamics and 1/3 by radiation. Therttegtynamics involves
positive radiative forcing balanced by evaporation at lattlides/altitudes from a
warm ocean causing warm air to rise-expand-cool includoigyard motion followed
by negative radiative forcing balanced by condensationgdt latitudes/altitudes caus-
ing cool air to descend-contract-warm closing a thermothin@ycle, as indicated in
Fig. 1, during polar winter.
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Figure 1: Thermodynamics of the atmosphere (NASA UARS PRithje

2 Thelllusory Greenhouse Effect

The main message to the World and its leaders from the 200Z FRDrth Assessment
Report (AR4) is a prediction of an alarming climate sengitiin the range2 — 4.5 C
as a result of a so-callegteenhouse effect.

The physics of this effect is claimed to have be identified agiéntifically de-
scribed by Fourier[3] (1824), Tyndall[10] (1861) and Arrtaes[1] (1896). An inspec-
tion of these sources shows a very simplistic rudimentaajyais with a only a simple
model for radiation and no thermodynamics, which is theioraf the message of this
article: The mathematics of the Fourier-Tyndall-Arrhengreenhouse effect is dead,
and never was alive!

However, to confuse the dicussion, the “greenhouse effisctiescribed with a
misleading double-meaning: It is both the combined totédatfof the atmosphere
on the Earth surface temperature including both radiatimh taermodynamics, and
at the same time a hypothetical radiative effect of “greersieagases” including'O»
without thermodynamics. In this way the “greenhouse €effeetomes real, because
it is the total effect of the atmopshere and the atmosphedeniably has an effect,
an “atmosphere effect”, while at the same time it can be linkkeC' O, acting like a
powerful “greenhouse gas” capable of global warming upoerg $mall increase of
0.028%.

The simplest version of the “greenhouse effect” is desdriiyeStefan-Boltzmann’s



Law Q = oT* (SBL), which in differented form

dQ = o4AT3dT = 4%0’ ~ 4dT

with Q ~ 280 W/m? andT =~ 288 K, gives a climate sensitivty of aboutC' by
attributing a certain fictitious additional “radiative fing” dQ = 4 W/m? to doubled
COs.

Since the total radiative forcing from the Sun is assumedtochange, the addi-
tional radiative forcing is supposed to result from a shithe “characteristic emission
level/altitude” to a higher level at lower temperature ealiby less radiation escaping
to space from lower levels by increasing absorptiorhty,. In this argument the out-
going radiation is connected tolapse rate (decrease of temperature with increasing
altitude) supposedly being determined by thermodynamidish lower “characteris-
tic emission temperature” at higher altitude the whole terafure profile will have to
shifted upwards thus causing warming on the ground.

This is the starting point of the climate alarmism propaddig IPCC, a basic
climate sensitivity ofi C, which then is boosted t— 4.5 C by various so-called (pos-
itive) “feed-backs”. The basic argument is that since $tdatzmann’s Law cannot
be disputed as such, and becad&, has certain properties of absorption/emission
of radiation (light), which can be tested in a labortaorg #tarting value ot C' is an
“undeniable physical fact which cannot be disputed”. Evapsics like Lindzen and
Spencer accept it, and if even skeptics believe somethieg,it must be true, right?

But wait! Science does not work that way, science only obegssfand logical
mathematical arguments, the essence of the scientitifibadetand let us now check
if the basic postulate of a “greenhouse effect” with badimate sensitivity ofi C' can
qualify as science. And climate politics without live clitaacience is dead politics.

3 Mathematical Climate Simulation

The language and methodology of science, in particularaténscience, is mathe-
matics: Physical laws are expressed as differential espmtf the principal form
D(u) = F, whereF representsorcing, u represents the corresspondsygtem state
coupled toF through a differential operatad(u) acting onu. With given forcing
F, the corresponding state can be determined by solving the differential equation
D(u) = F. This is the essence of the scientific method. Note that tfierential
equationD(u) = F usually describes a cause-effect relation in the senséht@atys-
tem stateu responds to a known given forcirfg in a (stable¥orward problem. This
corresponds to putting the horse in front of the wagon, aridhother way around
which is referred to as an (unstablayerse problem with the stateu given andF’ the
forcing being sought.

Consider now the following approaches to model and simuyjlateal climate:

¢ (A) Thermodynamics with radiative forcing (NSE with SBL &img).
e (B) Radiationd@ ~ 4dT as differentiated form of (SBL).



¢ (C) Radiationd@ ~ 4dT combined with thermodynamic lapse rate.

¢ (D) Radiationd@ ~ 4dT combined with thermodynamic lapse rate and feed-
back.

Here (A) is the (stable) forward problem described in the fiextion and studied be-
low. (B) is self-referential without thermodynamics. (Q-Epresent the IPCC ap-
proach as an (unstable) inverse problem of radiation wighnttodynamic forcing with
potentially large positive feed-backs and high climatesgeiity.

Altogether, (A) opens to a rational scientific approach asibls forward problem,
whereas the (C-D) of IPPC represents an unstable inverdsepnoof questionable
value.

In its popular form the basic IPCC climate sensitivitylof' is claimed to come
from a “greenhouse gas” ability 6fO, to “trap heat”, which is supposed to convince
the uneducated. In its more elaborate form intended for dueated, it is connected
to a thermodynamic lapse rate and characteristic emissiah, in order to account for
an effect of additional radiative forcing without changeathl radiative forcing. Both
forms are severely simplistic and cannot count as science.

To follow (A) we must rid ourselves from the common miscorteapof thermody-
namics expressed in the quote above by Sommerfeld, thabétyisnd comprehension
for mortals, in particular its 2nd Law. This is the reason vdiiynate scientists have
focussed on radiation only, as something understandadbjrig away from thermo-
dynamics as something nobody can grasp. But it is possili@véothermodynamics
and the 2nd Law a fully understandable meaning as | show i][dnd recall below.
This insight opens to a rational approach to climate dynayais (A) thermodynamics
with radiative forcing.

4 LapseRateand Global Warming/Cooling

A theory is the more impressive the greater the simplicitysopremises, the more
different kinds of things it relates, and the more extendeaiiea of applicability.
Therefore the deep impression that classical thermodyssamade upon me. Itis
the only physical theory of universal content which | am déooed will never be
overthrown, within the framework of applicability of its &ia concepts. (Einstein)

The effective blackbody temperature of the Earth with ajphese is—18 C, which
can be allocated to a TOA at an altitude5ofm at a lapse rate (temperature drop with
increasing altitude) 08.5 C'/km connecting TOA to an Earth surfacel&tC with a to-
tal warming of5 x 6.5 = 33 C. The lapse rate determines the surface temperature since
the TOA temperature is determined to balance a basicallgtaahinsolation. What is
then the main factor determining the lapse rate: Is it rémhabr thermodynamics, or
both?

Climate alarmism as advocated by IPCC is based on the assumtipat radiation
alone sets an initial lapse rate f C'/ km, which then in reality is moderated by ther-
modynamics to an observéd C'/km. DoubledCO, would then increase the initial
lapse rate and with further positive thermodynamic feeHlitais by IPCC predicted
to an alarming climate sensitivity or global warminglo$ — 5 C. Climate alarmism



Figure 2. The atmopshere maintains a constant surface tampe under increasing
radiative heat forcing by increasing vaporization anduileht convection, like a boil-
ing pot of water on a stove.

skeptics like Richard Lindzen and Roy Spencer buy the argtiofean intial rate of
10 C/km determined by radiation, but suggest that negative theymenaic feedback
effectively reduces climate sensitivity to a harmleégsC'.

We will argue that an initial lapse rate gf = 9.81 C//km is instead determined
by thermodynamics (and not by radiation) as an equilibriteeswithout heat trans-
fer, which then in reality by thermodynamic heat transfarkftilent convection/phase
change) is decreased to the obserged”/km, with the heat transfer balancing the
radiative heat forcing. Mor€’O- would then require more heat transfer by thermo-
dynamics and thus to a further decrease of the lapse ratr ithdn an increase. The
atmopshere would then act like a boiling pot of water whichemincreased heating
would boil more vigorously but not get any warmer.

In short: If thermodynamics is the main mechanism of the aphere as an air
conditioner or heat transporter, théiO, will not cause warming, and IPCC climate
alarmism collapses.

We thus identify a basic difference between atmospheritthaasport by radiation
(similar to conduction) and by thermodynamics of convedpbase change. In radi-
ation/conduction increased heat transport couples te#@sad lapse rate (warming).
In convection/phase change increased heat transportetpldecreased lapse rate
(cooling).

5 Euler Equationsfor the Atmosphere

Every mathematician knows it is impossible to understanélamentary course
in thermodynamics. (Mathematician V. Arnold)

The viscosity of both water and air is small, while the spatimmensions of the



ocean and atmopshere are large, which means that the ReynattherRe = is
very large & 10%), whereU > 1m/s is a typical velocity,L. > 10® m a length scale
andv < 10~° a viscosity. Global climate thus results from turbulent fmwwery large
Reynolds numbers effectively in the form of turbulent siwing of theEuler equations
as described in [4].

We focus now on the atmosphere and as a model we consider kedfuations
for a compressible prefect gas occupying a voldirepresenting e.g. the troposphere,
here for simplicity without Coriolis force from rotationiid (p, u, T') with p density,

u velocity andl” temperature depending erandt > 0, such that for: € Q2 andt > 0:

UL
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Dyp+pV -u=0,
Dym+mV -u+ Vp+ gpes =0, (1)
D, T+ RTV -u =g,

wherem = pu is momentumy = RpT is pressureR = ¢, —c, with ¢, andc,, specific
heats under constant volume and pressure Jand= v + v - Vv is the material time
derivative with respect to the velocitywith © = % the partial derivative with respect
to timet, e3 = (0,0, 1) is the upward directiory gravitational accelleration angdis

a heat source. For aif, = 1 and=2 = 1.4. The Euler equations are complemented
by initial values forp, m andT att =0, and the boundary conditian- n = 0 on the
boundary of2 wheren is normal to the boundary.

We assume that the heat sougcadds heat energy at lower latitudes/altitudes and
subtracts heat at higher latitudes/altitudes (radiatiavuter space) including evapora-
tion (subtraction of heat) at low altitudes and condensg@aidition of heat) at higher
altitudes.

We thus consider the full 3D (three-dimensional) Euler/fide&tokes equations
without any simplification of the vertical flow as in 2D geagihic flow or in hydro-
static approximation of vertical momentum balance, as aired feature of the next
generation of climate models [9] not present in the curre@mtegation [2]. This is im-
portant because the heat transport involves both horisanthavertical flow, roughly
speaking ascending air at low latitudes and descending high latitudes, combined
with high altitude poleward flow and low altitude flow towaittte Equator.

6 Thelst and 2nd Laws of Thermodynamics

...no one knows what entropy is, so if you in a debate use timseapt, you will
always have an advantage. (von Neumann to Shannon)

We recall the 2nd Law of Thermodynamics as stated in [5]:

K+P=W-D, E=-W+D+Q, 2)



where

K(t):%/ﬂpu-u(x,t)da:, P(t):/o /Qgpu(x,s)dxds,
E(t):/chpT(a:,t)dx, W(t):/QpV-u(a:,t)dx, 3)

Q) = /Q o(z, 1) d,

is momentary total kinetic energhf (¢), potential energy”(¢), internal energyf(t)
and work ratel¥ (¢), and D(¢) > 0 is rate of turbulent dissipation ar@(t) rate of
supplied heat or heat forcing. The wdik is positive in expansion witW - u positive,
and negative in compression with - u negative (since the pressuyrés positive).

Adding the two equations of the 2nd Law, we find that the chasfgetal energy
(K + P + E) is balanced by the heat forcing:

%(K+P+E):Q, (4)
which can be viewed to express the 1st Law of Thermodynansie®aservation of
total energy.

Thermodynamics essentially concerns transformationsdst heat energly and
the sumK + P of kinetic and potential energies with the transfer belr(d” — D):
whateverK + P gains is lost byFE and vice versa. The 2nd Law sets the following
limits for these transformations:

e heat energy¥ can be transformed to kinetic/potential enefgy- P only under
expansion withV > 0,

e turbulent dissipatiorD can transform kinetic/potential energy + P into heat
energyr,

e turbulent dissipatio cannot transform heat energy to kinetic/potential energy,
becausé > 0.

7 Basiclsothermal and I sentropic Solutions

As anyone who has taken a course in thermodynamics is weleailge mathe-
matics used in proving Clausius theorem (the 2nd Law) is afrg gpecial kind,
having only the most tenous relation to that known to mathemaas. (Mathe-
matician S. Brush)

We identify the following hydrostatic equilibrium base gtibns, here fitted to an
observed Earth surface temperatur@®f K, assuming = 0:

88 — g3, p = (288 — gr3)7, p = Ra(288 — gas)7t,

2
5
_ 288(K), = avexp(—gaa), = R 2880 exp(—ga3). ©



Figure 3: Temperature profile of the atmosphere, with conédgse rate in the tropo-
sphere 06.5 C'/km (NOAA).

wherey = £ (= 0.4) and thusR(% +1) = ¢, = 1, we scalers in km anda denotes

C

a positive constant to be determined by data.
The first solution is non-turbulent (or isentropic) with= 0 in the 2nd Law:

E+W =0, (6)
or in conventional notation
codT 4+ pdV =0, (7
which combined with hydrostatic balan%”; = —gp and the differentiated form
pdV + Vdp = RdT of the gas law, gives
oT
v R -~ — —4g. 8
(co + R) o~ 9 (8)

With ¢, + R = ¢, = 1000 J/ K kg the heat capacity of dry air we obtain an isentropic
dry adiabatic lapse rate of 10 C'/km. With the double heat capacity of saturated moist
air we obtain an isentropitoist adiabatic lapse of 5 C'/km.

The second solution has constant temperature and expahenmap of density and
pressure, and can be associated with lots of turbulenpdiisn (with D = W) effec-
tively equilibrating the temperature.

We summarize the properties of the above base solutionis Qvit 0):

e isothermal: maximal turbulent dissipatioh: = W,



e isentropic: minimal turbulent dissipatiof? = 0.

We find real solutions between these extreme cases, witthlpug = % andp ~
(288 —gx3)°, b ~ (288 —gx3)%, with a quicker drop with height than for the isentropic
solution withp ~ (288 — gz3)*® andp ~ (288 — gx3)3®, or turned the other way,
with a smaller lapse rate 6f5 C/km).

8 Basic Thermodynamics

...thermodynamics is a dismal swamp of obscurity... a paxample to show that
physicists are not exempt from the madness of crowds.. .stliawerbal statement
of the second law makes no sense...All that remains is a psahibition; a cen-

tury of philosophers and journalists have acclaimed thisroandment; a century
of mathematicians have shuddered and averted their eyedlfi@unclean...Seven
times in the past thirty years have | tried to follow the argminClausius offers

and seven times has it blanked and gravelled me. | cannosiexphat | cannot

understand. (Physicist C. Truesdell)

We have formulated a basic model of the atmosphere actingase@nditioner/refrigerator
by transporting heat energy from the Earth surface to theofdhe atmosphere in a
thermodynamic cyclic process with radiation/gravitatiorcing, consisting of

e ascending/expanding/cooling air heated by low altituadié{ilde radiative forc-
ing,

e descending/compressing/warming air cooled by high akifiatitude outgoing
radiation,

combined with low altitude evaporation and high altitudedensation.

The model is compatible with observation and suggests ligalaipse rate/surface
temperature is mainly determined by thermodynamics antycadiation.

The thermodynamics of a standard refrigerator requiresrgoessor, which in the
case on an atmosphere is taken over by gravitation causingression of descending
air.

9 Basic Data

You can fool all the people some time, and some of the peolileeatime, but you
cannot fool all people all the time. (Abraham Lincoln)

We collect the following observed data, for the first halfled above cycle:

average upward velocity 0.01m/s,

average density 0.6 kg/m3,

average altitude of TOA= 5000 m,

¢p = 1000 J/K kg



EARTH'S ENERGY BUDGET
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Figure 4: Earth energy budget (NASA Atmospheric Sciencea@anter).

e (Q ~ 180 W/m? absorbed by the Earth surface with W allocated to radia-
tion, and120 W to thermodynamics witi00 I to evaporation an@0 W to
convection.

e observed lapse rate —6.5 C/km,
e evaporatior 4 cm/day,
e heat of vaporization of watex200 kJ/kg,
e turbulent dissipation rate).002 W/ kg,
For the upward motion of a column of air over a squaremeteuidése, we have :
e P~ 0.01x0.7% 5000 x g=2350W,
o £~ —0.01x 0.7 x 1000 x 5000 x %2 ~ —230 W,

e phase change.2 x 10° x 102 x 57234 ~ 100 W,

which is compatible withV — D = P =350 W andE = —W + D+ Q = —230 W.

The observed lapse rate @6 C'/km can be viewed as being obtained by moder-
ating the dry adiabatic rate ab C'/km by a combined process of phase change and
turbulent dissipation effectivly reducing the drop of tesmgture with altitude. The en-
ergy transfer in this process: % x 230 = 120 W with 100 — 110 W for evaporation
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and20 = 0.002 x 5000 ~ 10 — 20 W for turbulence) is roughly equal to the heat forc-
ing allocated to thermodynamics (120 7). Increasing heat transfer then corresponds
to noncreasing lapse rate and non warming; the main mes$age analysis.

The observed lapse rate 6f5 C/km is bigger than the moist adiabtic rate of
5C/km, which causes unstable overturning of rising warm air ambulent dissi-
pation.

10 LapseRatevsRadiative Forcing

If the lapse rate i< thenP + E = Q combined withZ/P = L according to the
above computation, gives = 10(1 — Q/P). If @ is increased theh will decrease if
P stays constant, but i increases quicker tha@, thenL may increase. Increasirig
may be expected to give an increasé™dfy increasing the vertical convection velocity,
but a decrease by increasing phase change evaporatioaftgatibn. Which effect will
dominate: convection of phase change? Computations wiimswer are under way...
until then we notice that out af20 W/m? of radiative heat forcing, a major part of
say100 can be allocated to phase change, which gives phase chaingel &lgance to
compete with convection...

11 Summary: Atmosphere as Air Conditioner

A good many times | have been present at gatherings of pedpe by the stan-
dards of the traditional culture, are thought highly edadaand who have with
considerable gusto been expressing their incredulityeatliiteracy of scientists.
Once or twice | have been provoked and have asked the companynlany of

them could describe the Second Law of Thermodynamics. Bporse was cold:
it was also negative. (C. P. Snow in 1959 Rede Lecture edhfittee Two Cultures
and the Scientific Revolution).

Let us now sum up the experience from our analysis. We have tbe¢ the at-
mosphere acts as a thermodynamic air conditioner transgdreat energy from the
Earth surface to a TOA under radiative heat forcing. We $tarh an isentropic sta-
ble equilibrium state with lapse rage8 C'/km with zero heat forcing and discover the
following scenario for the response of the air conditionatter increasing heat forcing:

1. increased heat forcing of the Ocean surface at low la&#usd balanced by in-
creased vaporization,

2. increased vaporization increases the heat capacitywleicreases the moist adi-
abatic lapse rate,

3. ifthe actual lapse rate is bigger than the actual moisttadic rate, then unstable
convective overturning is triggered,

4. unstable overturning causes turbulent convection witheiased heat transfer.
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The atmospheric air conditioner thus may respond to ineckagat forcing by (i) in-
creased vaporization decreasing the moist adiabatic lgtsecombined with (ii) in-
creased turbulent convection if the actual lapse rate igdvithan the moist adiabatic
lapse rate. This is how a boiling pot of water reacts to ineeddheating.

If someone points out to you that your pet theory of the uisigés in disagreement

with Maxwells equations, then so much the worse for Maxwetjsations. If it

is found to be contradicted by observation, well, these exgntalists do bungle

things sometimes. But if your theory is found to be againstthcond law of

thermodynamics 2.2 The Enigma 9 | can give you no hope; tisemething for it

but to collapse in deepest humiliation (Sir Arthur StanlelgiBgton in The Nature

of the Physical World, 1915)
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