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Abstract. Lars Bjorn doubts our assertion that atthe-originoftife-thefundamentat

and-the driving_force behind the origin and evolution of life has been the thermo-
dynamic imperative of increasing_the entropy production of the biosphere through
increasing_global solar photon dissipation.

Bjorn bases his critique on the stggestion-thatron-tvingmaterial-canbemore-fact that
the albedo of non-biological material can sometimes be lower than that of biological
material and concludes that these-such examples counter our assertion. HoweverBjorn

Bjorn, inhis—eritique-ofourarticte-however, _is that albedo (reflectlon) is only

5 one factor involved in the entropy production through photon dissipation occurring_in
the interaction of light with material. The

other contributions to entropy preduction-due-to
Hﬁe—p-hﬁ-t-&ﬁ—m%efaet-rmﬁ—productlon,_whlch were listed in our articterH-theshifttowardsthe

+6-article, are;_1) the shift towards the infrared of the emitted

spectrum (including_a wavelength dependent emissivity), 2)_the diffuse reflection and
emission of light into a greater outgoing

solid angle,_3)_the heat of photon dissipation inducing_evapotranspiration in the pigmented
leaf,_thereby coupling_to the abiotic

dissipative processes of the water cycle, which, besides shifting_the emitted spectrum even
father towards the infrared, promotes

10 pigment production over the entire Earth surface. His analysis, therefore, says—verytittte
I e eirof ecioati ot o

does not provide legitimate reason for doubting_our

assertion that life and evolution are driven by photon dissipation. We remain emphatic in
our assertion that the fundamental

molecules of life were originally dissipatively structured UV-C pigments arising_in response
to the thermodynamic imperative

of dissipating_the prevailing_Archean solar spectrum.

15 In the following, we respond to each—critiqueusing-thesame-section-headingsof Bjora's



Bjérn’s Comment using_the same section headings.
1 Introduction: Do living systems reduce the albedo of Earth?

Contrary to Bjorn's assertionsexamples, in general,_living organisms do, in fact, gereratty
reduce the albedo with respect to regions devoid of tife;

and-there-are-many dataavaitable-inthetiterature—life.

For example, the visible albedo of deciduous forests is 0.15 to 0.18 and that of coniferous
forests is 0.09 to 0.15, while that of

sandy deserts is about 0.30 {Barry-and-Chortey (19921 androckydeserts

(Barry and Chorley (1992))_and rocky deserts (Gobi) 0.21 fWangetat{1+998)}—-And-this
(Wang_et al. (1998)). This is also true at

wavetengthsgreaterthan-20 wavelengths beyond the red-edge (~ 700 am)forexampte;

nm). For example,_at these longer wavelengths, forest +

albedo increases to about 0.3
tEoakley {26631 -(Coakley (2003)),_while sand and rocky desert albedo increases to about
0.50 Prarotsosetat

Ourmain-(Varotsos et al. (2014);_Coakley (2003)).

1

More importantly, however, as emphasized in our article, determining_entropy production
due to light interacting_with ma-
terial entails not only knowing_reflection, but also wavelength dependent absorptivity and

emissivity. In Michaelian and Cano
(2022) we show that, given a particular (non-zero) average albedo and emissivity, greater
entropy production occurs when

25 absorption is strongest at short wavelengths and emission strongest at long
wavelengths. Maximum entropy production occurs

when the material acts as if it were a black-body,_i.e. with maximal absorptivity (zero
albedo) and maximal emissivity (100

%)ef—the—raﬁaﬁeﬁ—eﬁnﬁed—bﬁhe—hﬂﬁeﬁ—wﬁe—s-paee—oeews

across all wavelengths. Detailed calculations efthe-entropyproductionof-theEarthand

| {2614)-Coakdey-(2603):



show that biological material more closely approaches a black-body than
non-biological material and produces more entropy through photon dissipation
(Michaelian and Cano (2022)).

Our objection to Bjorn’'s critique ef-otutrpaperhowevertsthatitisbased-onhiserroneous

is thus that it

is based on the assumption that albedo is the only important factor relevant

30 to photon dissipation in the light-material interaction. Bjorn states, “Thus, it appears
that if Michaelian and Simeonov are

correct, one would expect ergantsms,+r-organisms (in targe-part-due-to-tifercreasing-the

amevn%e%wa%envapa%wﬁhe—aﬁ*m&ﬁmfe—ﬁéhfdeﬁ&e@%ﬁ—partlcular phototrophic
organisms, or the bfos-p-l=re1=e-b|osphere)_to be less flectlng and more

absorbing than dead
shottdnot
apriort-matter.”. But one should not de facto "expect” this since, as we mentioned even in
the abstract of our

orlglnal article {-M-reh-ae{ﬁﬂ—a1°rd—51ﬁ°ree1°rev—ee+5ﬂ—

30-energy-inthepigments—(Michaelian and Simeonov (2015)), other factors important to

entropy production are; (1)_the red-shifting_of
the absorbed energy in the pigments (including_wavelength dependent emissivity),_(2)
dispersion of the emitted, reflected, and

eou+d—e1=|+y—be—transm|tted photon beams into a larger outgomg SO|Id angle and (3) the
coupling of photon dissipation in pigments to other

abiotic entropy producing processes, such as the water cycle fichaetan{(20+t2a, bt
(Michaelian (2012a, b)). The water cycle i) further red-shifts

the energy—and-incoming_spectrum,_ii) aHowsgreaterprotiferation-and-spread-of-organte

reduces the difference between day and night temperatures, providing_emission into a
greater 41

solid angle, and |||) aIIows prollferatlon of ordanlc Dldments over the entire surface of
Earth, reaningem : ; e 47t-all of which increase
entropy.

production.




| ot e simationi

calculation of the global entropy_production of Earth.

In Michaelian (2012b) we evaluated by-—constdering

I L i et
haveinfact—performed-suchdetatted-this by determining_the difference in the entropy of

the incoming_and outgoing_photon
beams and compare thls to its nelqhborlng pIanets Venus and Mars Hﬁ—a1°ret-l°re1=pa1eef

per unit area,

e timeis-thtsal

normallzmg for distance from the sun,_is significantly greater then that of either of-ts

ol , b : . I I ‘
tife-ontarthHMichaetian(26+2b)t—neighbor,_and conclude from-hisatbedocomparison:
Fhis

that this is
| most probably the

I o fossil
fuelsorforpreservingpresentecosystems—Atthough-most-of-due to the presence of life on

Earth. In support of this conclusion, Kleidon et al. (2000) have-compared-the-surface

ofastmutatedEarth-withand-withouttifeandfincd-compare surface

45 siamificant] teretionf I o Lo

2-temperatures and amount of atmospheric water vapor for a simulated Earth with, and
without, life. They find an 8 -C average

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
! entrepy—pfedﬁc—tr&n—peﬁmrt—mﬁ—rs—a{mes—t—twree— We flnd that Earth S entropy production
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1



lower temperature and 3 times the amount of water vapor in the atmosphere for the
simulation withtifethe : ature-and-greateratr eV apoOrHME
including_life. The lower

temperature and greater amount of water vapor imply (see below) greater entropy
production for an Earth with life.

2 Ancient life

The Thermodynamic Dissipation Theory of the Origin of Life suggests that the fundamental

molecules of life (nucleic acids,
50 by-amino acids, fatty acids, cofactors, etc.) were originally UV-C pigments dissipatively.
structured on the ocean surface from

common precursor molecules such as HCN, cyanogen, CO2 and water under the UV-C
photon flux (between 210 and 285

nm)_arriving_at Earth's surface during_the Archean (Michaelian (2011, 2017, 2021);
Hernandez and Michaelian (2022)). This

wavelength region has sufficient energy_per photon to transform carbon covalent (and
double covalent) bonds, but not enough

energy_to ionize these molecules and thereby destroy them. The best geochemical
evidence presently available suggests that

Ino

t-re*pes—phere—at—t—he—thls light would have been present on Earth S surface from before the
origin of life (at ~3.9 Ga)_and for at least 1000 million

years (and perhaps even for 1500 million years (Meixnerova et al. (2021)))_until organisms
evolved oxygenic photosynthesis

and saturated available oxygen sinks (Sagan (1973);_French et al. (2015);_Meixnerova et al.
(2021)),_leading_to an ozone

layer. We thus consider the-temperature-dataof-the
emitted-spectrum—There-existsextensivedatafor-this{Schneiderozone as a biology-

procured pigment dissipating_the UV-C region. Also around this time, biosynthetic
pathways evolved enough for life to dissipatively structure pigments in the visible using
visible wavelengths.




of Earth's early atmosphere is still highly debated, the scenario presented above is
consistent with

the bulk of the available geo- and bio-chemical data from the era (Kasting_(1993); Lowe
and Tice (2004); French et al. (2015);

Meixnerova et al. (2021))_and,_most importantly, consistent with the very particular and
finely tuned UV-C photochemical

characteristics preserved in the fundamental molecules of life. These include their very
strong_UV-C absorption and extremely

rapid dissipation of the electronic excited state energy_into heat through a conical
intersection to internal conversion (see Figure

s—maﬁrfy—t—he—?» of our article under discussion and Mlchaellan (2021)).

The fully developed btocrustsreducesignificantty-the-atbedoof-the-methanogens that
Bjorn refers to, butatthe-same-time-capable of filling_the atmosphere with methane, would

not, of course,

have been around at the origin of life, but perhaps 500 - 700 million years later (Lowe and
Tice (2004)). At this point, complex

biosynthetic pathways would have evolved allowing_dissipative structuring_of pigments in
the visible using, for example, the

free energv accumulated from various VISIb|e ohotons t-h-an—vag—m—a%erra—l—rs—ﬁe{—vaM

and stored in ATP molecules. The intensity of the solar spectrum at




Earth’s surface as a function of time since present,_including_the effects of solar evolution,
plate tectonics and methanogen

CH4 production, leading_to a period of atmospheric haze between 3.2 and 2.7 Ga was,_in
fact, discussed in our original article

and presented in figures 2 and 3 (Michaelian and Simeonov (2015)).

Bjorn seems to favor a hydrothermal vent, bottom of ocean, theory for the origin of life.
However, Stanley Miller convinc-

ingly argued (Miller and Lazcano (1995)),_that hydrothermal vents are regions of molecular
destruction,_ not molecular creation.

fact, other than simple amino acids and fatty acids, no fundamental molecules have ever

been produced in experiments simu-

lating_hydrothermal vents. On the other hand, numerous experiments demonstrate that
L e

chsstpating-routes to most of the fundamental molecules

using_UV-C light and common precursor molecules such as HCN anrd-€62-nwaterunder

Y- (see Michaelian (2021) and references therein). Furthermore,

bottom of ocean hydrothermal vent scenarios lead to the very difficult problem of

explaining_the very rapid appearance of pho-

torabsorbing-thantving-matertalHegivesa-tosynthesis (perhaps arising_only a few

million years after the origin of life (Mulkidjanian et al. (2006); Cardona (2022)))_and

angte-the even more difficult problem of explaining_the very particular photon dissipative
characteristics preserved in the fundamental
molecules (Michaelian (2021)).

3 Present vegetation compared to bare ground

Contrary to BJorn s assertion and examples,_even beyond the red-edge, the albedo of areas

covered with vegetation is ustatytowerthan




that-devoid-oftife{Barry-generally
lower than that devoid of life (Barry and Chorley (1992); Wang et al. (1998); Varotsos et al.

(2014); Coakley 2663}

A-furthernoteofcauttonis—that-(2003)). How-

85 it e tivi L

3

3-VYegetationever, as already emphasized, albedo (reflection) alone is insufficient to
determine entropy_production. Wavelength dependent
reflection,_transmission,_ absorption and emission must be considered in a careful

calculation, we-assure

=Fu+t-he1=ﬁ‘r61=e—t-h-a=t—fe1=as performed, for example,_in
Michaelian and Cano (2022). The result is that forests are 1.45 times more effective than a
sand and rock desert at entropy.

3

production due to photon dissipation. Furthermore, natural "bare grotund—istustatyrot
devotdoftifeor-ground”,_even over the recently formed volcano in Bjdrn’s

example,_is usually not devoid of life,_ nor of life produced (biological) ptgments—pigments.

Biocrusts form rapidly and significantly

et al. (2009)). An important emﬁﬁﬁﬁeﬁ{ﬂs—ﬂﬁe—eymﬁdaaﬁef@ﬁgmmﬂ—cvanobactenal

pigment reducing_albedo

significantly is scytonemin which—reducesatbedosignificantly fCouradeanetat{26016)

(Couradeau et al. (2016)).

Infrared temperature measurements, obtained from airplane fly-overs—Fheresuttisctear;
thetemperature-fly-overs, support our assertion that life, ecosystems, and the

biosphere increase entropy_production (Schneider and Kay t+994)compitedfrommnfrared
temperaturemea—

(1994)). Temperature measurements over climax ecosystems are

lower than those measured over perturbed ecosystems, and these are lower than those

measured over regions devoid of life. Arothersimpte-way-of seetng-this+ts-This




that rocks (or ground without organic material) become much hotter (emit at shorter
wavelengths).
under the sun than doee ts-vegetation does.

By expendmg free energv to convert Iqu|d water in the Ieaf %e—fwt—hahpho%oﬁ—d-lss-rp-a{-mg

ﬂeuﬁsh—eve&aﬁ—e%%h%—sm%e&kﬁwmpﬁeﬁ—is—thmfm%—into a gas,_ which then

condenses

at the cold cloud %erps—(-v

tops,_releasing_far infrared photons, the water cycle increases further still photon
dissipation. It is the red-
shifted emission and the association of life with water and the water cycle that ptays-the

greater
part:

is very important to global entropy production
(Michaelian (2012b)). This fact should not be conveniently or judiciously ignored.

100 Clouds, because of high albedo, do reduce entropy_production locally, but they are an
unavoidable part of the water cycle

which allows water,_and thus entropy producing_pigments and ecosystems, to spread over
land far from ocean shores.

4 The temporal aspect

Fheforests-Forests,_as Bjorn correctly indicates, are sometimes buried and later burned as
fossil fuel by humans. However, they

producedatteast+000-timesmore-entropy-during their
lifetime than-thatobtained-by-burning-the-same-trees asfossttfuet
today—tessthanproduce at least 1000 times more entropy_than obtained by being burted

consumed as fossil fuel today ascompared-to-ecosystemsof-thepast:

since less than

105 disstpationin-theteaves{thedissipationinvotvedir-0.1% of the free energy in sunlight

goes into carbon bond making, which is how photosynthesis stores free energy fGates
(4—986)1—H=1—(Gates
(1980))._Thus, eveﬂ—t-hﬁug-h




Stply-comparingatbedosofdifferent-in living plants, more than 99.9% of solar photon
free energy is simply turred-intoheat-throvghphoton

dissipated into heat in the leaves

(involving_the process of photosynthesis itself, plus non-photochemical quenching). This
heat of dissipation is then coupled

629473@%%

Fhe-fact-thata-evapotranspiration from leaves, further increasing_the photon dissipation or

entropy production of the ecosystem or,_ more globally, the biosphere (Michaelian (2012b)).

thretgh-The fact that a very small amount of free energy available in sunlight is not
instantly dissipated by ecosystems, and instead

is stored for different amounts of time, has no bearing on the point under discussion
concerning whether or not pigments, life,

and ecosystems arose as a result of the thermodynamic imperative of photon dissipation.
Storage of free energy for later use is,

of course, necessary for maintaining the different trophic levels of an ecosystem, and this

hierarchy actualtytmprovesgtobat-disstpation:

improve
global photon dissipation (Michaelian (2016)).

115 at-wavetengthsgreater-than-thered-edge 3)that-Although the storage of a very small

amount of free energy in a practically inaccessible form (for example, deposited
underground as coal and-or petroleum) may make ecosystems imperfect at dissipation, so

does the fact that; 1)_their photon

absorption is not complete (albedo is not zero), 2) their emissivity is not maximal,_3)_the
physical size of the pigments are not at

their theoretical limit, 4) that

fluorescence reduces entropy production, i.e. the quantum efficiency for dexcitation
through a conical

intersection for internal conversion to the ground state could be further increased, 5) that
pigment distribution over the whole Earth

4




surface could be further improved. In other words, ecosystems still have room to evolve
under the thermodynamic imperative
towards becoming even better dissipating 4

systems.

Modern ecosystems are, however, much more apteffective at dissipating sunlight than
were ancient ecosystems, and-thiscan

which can

be seen from the facts; 1) the appearance of new pigments over time covering_ever more of
the solar spectrum (Michaelian

and Simeonov (2015)),.2)_the spread of life over the entire Earth surface and the increase in
biomass over time (Benton

125 ferent-(1978)),_3)_the observation that vegetation increase water vapor in the
atmosphere (Kleidon et al. (2000)),_maintaining_day and

mght temperatures similar, thereby mcreasmg t-he—eehd—aﬁgte—ef—t-he—Eart-h—s—emrtted

befrdﬁrg—nﬁ—ergafrrem*atteﬁs—to 41'[ instead of 2m the soIrd angle of the Earth’s emitted
radiation (effectively

doubling_this part of the entropy production),_and, 4)_the greater biodiversity of modern
ecosystems implies more complete

energy dissipation (Buzhdygan et al. (2020)).

The thermodynamic imperative based on the second law is also driving human evoetution

afdactivity—activity and evolution. Human free energy
130 use (dissipation) has increased exponentially over the last few centuries and this trend

wittis projected to continue for as long as

we remain a robtst-viable knowledge possessing and-technicat-spectesonthisplanet:
species. Our future contribution to global dissipation wottdappearto-will almost certainly

go much

beyond our present dissipation of the chemical potential stored in fossil fuels, and-beyond
etrﬁtﬁaehtreﬁ-at—or bevond our animal role as gardeners for the

greeﬂﬁg?—aﬁd—eveﬁ—te—eveﬂtuat-ly—photon d|55|pat|ng plants (e.g. fertilizers and seed
spreaders). We have already significantly increased the entropy production

of Earth through global greening_(Piao et al. (2020))_and look soon to be capable of
terraforming other planets.

135 pared-to-waterwithoutorganicmatertal-5 Aquatic environments
Contrary-to-what Bjorn—suggests,Hving-The data presented by Bjérn on light reflection from

different water bodies, with and without organic material (their figures 4

and 5)_are entirely consistent with our assertion that life on water surfaces increases
entropy production,_principally through

short wavelength photon dissipation. As emphasized, both bodies-this




] b erbbtedifs  ettected bt arerte
y . 367

_’}.
the wavelength dependent absorptivity and emissivity are needed to
calculate the entropy production (see Michaelian and Cano (2022)). Albedo of-theMoon,—=a

measurements

alone are inadequate. Absorption

140 microtayercontributesanadditionat-and dissipation into heat of the shorter incident

wavelengths contrrbutes more to entropy productron It is not the energy, nor
the number of examptesit

SHife-tstower-than-thatof-biotic-photons, which is relevant to nature’s thermodynamic
imperative,_ but rather tharof2ragainincreasingentropy production:

the dissipation of free energy,_and

this quantity depends not only on the reflected, but also on the absorbed and emitted
spectra.

Living_organisms and free-floating, biologically-derived organic pigments — colored
dissolved organic matter€BOM-matter — at the ocean
surface microlayer certainly do augment photon dissipation (entropy production) corm~

compared to water without organic material

&ﬁ%HﬁLeﬁ—t-he—daﬂy—a%dﬁgH—ﬁdes—by, 1) increasing photon absorptlon at the surface

particularly for shorter wavelengths and at-shallow incident photon angles,

and, 2) increasing the red-shifting-of-theabsorbed-energyred-shift of the emitted
spectrum by coupling it to evaporation from the ocean surface microlayer (see
Michaelian (2012b) and references therein). A detailed calculation of the entropy pro-
etetion-production as a function of incident photon

wavelength for the ocean surface microlayer, with and without organic material, is given
sectton-Section 6 of Michaelian (2012b). By

absorbing and dissipating UV and visible light, the organic matter at the sea—strface

ocean surface microlayer contributes an additional




6-approximately 23% to the total entropy production due to photon dissipation in this layer
on a clear day, and a surprising 400%

Forestsdo-on an overcast day,itcontributesan-additionat-day (Michaelian (2012b)).

5

6 lce and snow

At least for these materials, it appears that Bjorn is in agreement with us areblissfutty
uﬁ-aw-a1=e—of—|t—that life does mdeed haveatendency-toincreasectoudinessovertand but

increase photon dissipation.

7 Conclusions

Bioratreorrectly-155 risetoentropyproduction-of-Bjorn assumes that albedo (reflection) is
the only important factor related to photen—dissipation-inpigmentsgiving

entropy production due to light interaction with

pigments in living organisms, ecosystems and the blosphere He |gnores the other
components involved in en ; ; i
photon dissipation in

vegetation mentioned in our original article and abstract; the-shift

eyel-e—ﬂ the shift towards the infrared of the emitted spectrum (wavelength

dependence of the emissivity), 2)_photon emission into a greater solid angle due to similar
day and night temperatures as a

result of the increase in atmospheric water vapor attributable to vegetation, 3)_the coupling
of life to other photon dissipating




1 processes such as
the water cycle, 4)_the covering_of all of Earth’s surface with pigments and water.

Suffietently-His conclusions are
therefore ﬁﬂs-t—akeﬁ—aﬁd—lncorrect and Fns—aﬁe&ys—rﬁdoes—ﬁoﬁafowde—legﬁtnﬁafe—iﬁs-oﬁ—fw

of-disstpating-theprevaiting-thus do not provide legitimate reason for doubting our

assertion that "we have presented evidence that
supports the thermodynamic dissipation theory of the origin of life (Michaelian (2009,

2011, 2016, 2017, 262D} —which-—states-thattife
atrose—and-protiferated-2021))".

Our theory asserts that life arose as the dissipative structuring_and proliferation of
pigments under UV-C light to carry out

the thermodynamic function-of-dissipating-the-entropicalty mostimportantpart-of-the
imperative of dissipating_the enthropically most important part of the surface solar
spectrum (the shortest

165 Finallysince—ourfirstartictes,-wavelength photons) prevailing at Earth's strface-and

ﬁ%Ofe—e#ﬂereﬁ{—to—eovefsurface and that thls |rrever5|ble process evolved and coupled to
other irreversible
abiotic processes, such as the water cycle, to increase the red-shift of the globally emitted

spectrum, to dissipate thisbctghtintoheat—ever more

completely the entire electromagnetic spectrum, and to cover ever more of Earth's strface

surface.

Since our first articles published on the topic beginning in 2005 fviehaetan-(Michaelian
(2005, 266926+11-2011)),_we have continued to uncover

evidencepointingto-more evidence supporting_a connection between photon dissipation

and the origin and evolution of life. These include; 1)

€170 that many of the
fundamental molecules of life strongly absorb UV- C light in exactly that-the wavelength
region that was arriving

at Earth’s surface during the Archean fiichaetan{2642ba)MichaetanandSimeonov

2645 Michaehan{2646)-(Michaelian (2012a, b);_ Michaelian and Simeonov (2015);
Michaelian (2016)),_2) that

many of the fundamental molecule of life possess conical intersections for rapid

b otiontess dissinationof-the-p]  dreed

radiation-less dissipation of the photon-induced

electronic excitation energy to-the-grotnd-statetvichaetan-(Michaelian (2017, 262H1;

2021)),_3) that efficient photochemical routes to production of the fundamental
molecules from simple and common precursors, such as HCN, cyanogen, and CO2 in water,




under UV-C light have been found,

175 and that these routes have the hallmarks of dissipative structuring tiichaetan
(Michaelian (2017); Michaelian and Rodriguez (2019);
Michaelian 26214 that-wethavefound-(2021); Herndndez and Michaelian (2022)), 4)_that

we have discovered a DNA and RNA enzyme-less denaturing

mechamsm Hed—te—H-\v‘ephe%eﬁ

v tar-involving_ UV-C photon
d|$5|pat|on (Mlchaellan and Santlllan (—29+9ﬂ—(2019)) _5) that the homochirality of life can

be

explained from the morning/afternoon temperatureand-9VEc-ocean surface temperature
asymmetry at-the-ocean—surfaceand

photon circular polarlzatlon at the
ocean surface and the temperature dependence of UV-C-induced denaturing_(Michaelian
(2018)),_6) that the strong chemical

180 otherastronomicat-bodiestMichaehan-and-Simeonov{264At-affinity of the U¥E

UV-C absorbing amino acids (the aromatics), and others, to their codons and anticodons
can be explained based

on the thermodynamic selection of greater photon dissipation afforded to the complex
Htejta-(Mejia Morales and Michaelian {262641-(2020)),

7) that dissipative structuring of the fundamental molecules under U%€-UV-C light provides
a simple explanation for their existence

in space and-on

as well as on other astronomical bodies (Michaelian and Simeonov (2017)),_and, 8) that
plants appear to optimize

evapotranspiration (the water cycle) over photosynthesis [see Michaelian (2012a, b) and
references therein].

We-6

185 We thank Lars Bjorn for his Comment and welcome and appreciate all challenges to
our Thermodynamic Dissipation Theory
for the Origin and Evolution of Life.
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