Global Journals INTEX JournalKaleidoscope™

Artificial Intelligence formulated this projection for compatibility purposes from the original article published at Global Journals.
However, this technology is currently in beta. Therefore, kindly ignore odd layouts, missed formulae, text, tables, or figures.

CrossRef DOI of original article:

10

11

12

13

14

15

16

17

18

19

20

21

22
23

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4
42

The Dust Planet Clarified Modelling Martian MY?29
Atmospheric Data Using the Dynamic-Atmosphere
Energy-Transport (DAET) Climate Model

Philip Mulholland

Received: 1 January 1970 Accepted: 1 January 1970 Published: 1 January 1970

Abstract

The Dynamic Atmosphere Energy Transport (DAET) climate model, a mathematical model
previously applied to a study of Earth?s climate, has been adapted to study the climatic
features in the low-pressure, dust-prone atmosphere of the planet Mars. Using satellite data
observed for Martian Year 29 (MY29), temperature profiles are presented here that confirm
the studies of prior authors of the existence on Mars of a tropical solar-energy driven zone of
daytime atmospheric warming, that both diurnally lifts the tropopause and follows the annual
latitudinal cycle of the solar zenith. This tropical limb of ascending convection is dynamically
linked to polar zones of descending air, the seasonal focus of which is concentrated over each
respective hemisphere?s polar winter cap of continuous darkness. An analysis of the MY29
temperature data was performed to generate an annual average surface temperature metric
that was then used to both inform the design of and to constrain the computation of the
DAET climate model. The modelling analysis suggests that the Martian atmosphere is fully
transparent to surface emitted thermal radiant energy.

Index terms— mars, MY29, atmospheric dynamics, dust opacity, climate modelling.
The Dust Planet Clarified Modelling Martian MY29 Atmospheric Data Using the Dynamic-Atmosphere

Energy-Transport (DAET) Climate Model
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Abstract-The Dynamic Atmosphere Energy Transport (DAET) climate model, a mathematical model
previously applied to a study of Earth’s climate, has been adapted to study the climatic features in the low-
pressure, dust-prone atmosphere of the planet Mars. Using satellite data observed for Martian Year 29 (MY29),
temperature profiles are presented here that confirm the studies of prior authors of the existence on Mars of
a tropical solar-energy driven zone of daytime atmospheric warming, that both diurnally lifts the tropopause
and follows the annual latitudinal cycle of the solar zenith. This tropical limb of ascending convection is
dynamically linked to polar zones of descending air, the seasonal focus of which is concentrated over each
respective hemisphere’s polar winter cap of continuous darkness. An analysis of the MY29 temperature data
was performed to generate an annual average surface temperature metric that was then used to both inform the
design of and to constrain the computation of the DAET climate model. The modelling analysis suggests that
the Martian atmosphere is fully transparent to surface emitted thermal radiant energy. The role of lit hemisphere
surface reflectance provides an energy boost to the dust-prone surface boundary layer at grazing-angle latitudes.
This backlighting process of quenched solar energy capture ensures that the Martian climate operates as a black-
body system. The high emissivity solar illuminated hemispheric surface heats the atmosphere by direct thermal
conduction followed by a process of adiabatic convection across the planetary surface. It is the non-lossy process
of adiabatic convection that results in the development and maintenance of a flux-enhanced atmospheric energy
reservoir which accounts for the 2 Kelvin Atmospheric Thermal Effect in the Martian troposphere.
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2 II. MY29 DATA ANALYSIS AND PRESENTATION

1 Introduction

he terrestrial planet Mars is the focus of extensive and continuing scientific study. This paper deals with the
topic of climatic modelling and is informed by the atmospheric observations of various authors who have made
studies in this field (Table 1).

Author: Mulholland Geoscience, Edinburgh, UK. e-mail: philip.mulholland@uclmail.net T The daytime lit
surface reflectance for the planet Mars is postulated to provide an energy boost to the dust-prone boundary layer
at grazing-angle latitudes. This backlighting process of quenched solar energy capture ensures that the Martian
climate operates as a black-body system and provides an explanation for the apparent negative greenhouse effect
in the Martian atmosphere, whereby the lit surface is observed to be colder than the overlying air in the near
surface boundary layer.

Mars is classed by astronomers as a superior planet because it is located further from the Sun than the Earth.
Mars orbits the Sun at a mean distance of 227.925 million Km and receives an average solar irradiance of 586.2
W/m 2, which is 43.97% of the Earth’s insolation. Unlike the terrestrial bodies of Venus, Earth, and Saturn’s
moon Titan which all have a surface atmospheric pressure greater than 0.1 Bar (10,000 pascals) and therefore
have tropospheric thermal radiant opacity [13], the surface atmospheric pressure of Mars is 636 pascals at the
planet’s mean radius. The tenuous gaseous envelope of the Martian atmosphere is highly transparent to thermal
radiation and consequently the planet experiences major surface atmospheric window thermal energy loss to
space.

The main constituent gas of the Martian atmosphere is Carbon Dioxide 95.1% by volume. The atmospheric
pressure varies seasonally between 400 and 870 pascals due to the sequestration of solid carbon dioxide on
the polar icecaps during each hemisphere’s polar winter (Table 2). The Martian Global Average Temperature
(GAT) has been variously estimated to range between 200 Kelvin and 240 Kelvin (Table 3). The surface diurnal
temperature range measured at the Viking 1 lander site is between a nighttime low of 184 Kelvin and a daytime
high of 242 Kelvin [14]. The climate modelling study presented here is informed by the Martian Year 29 (MY29)
atmospheric temperature profile data first published in 2010 by McCleese et al. [6] and kindly supplied for use
in this work ?7726,27].

2 II. MY29 Data Analysis and Presentation

The Dynamic-Atmosphere Energy-Transport (DAET) climate model is predicated on a design protocol that
ensures the computational existence of the dual planetary surface environments of a lit daytime hemisphere of
net energy gain and a dark nighttime hemisphere of net energy loss [28].

In order to appropriately constrain the temperature data and to ensure that polar circle zones of continuous
lit surface (summer) and continuous dark surface (winter) are appropriately binned, the MY29 source data was
regrouped into two separate lit and dark data sets 7726,27]. These two datasets incorporate the illumination
effect of the seasonal axial tilt of Mars in the binning process (Table 4).

To achieve this re-binning the latitude of each zonal cell was converted into a 360-degree equivalent meridional
angle with the North Pole 90-degree latitude as the zero-angle datum. For this meridional great circle, the
far side surface latitudes are calibrated between 0 and 180 degrees and the near side (sun facing) latitudes are
calibrated between 180 and 360 degrees. This data re-organisation ensures that the planet’s zonal latitudes
track the seasonal axial tilt illumination, consequently only lit surface latitudes were used to compute average
daytime temperatures and correspondingly only dark surface latitudes were used to compute average nighttime
temperatures (Table 5).

The MY29 temperature data are organised by 5degree wide latitudinal zones across the full surface area of the
Martian globe. Because of the standard geometric effect on surface area of zonal latitude bands, whereby zonal
latitude area has a maximum value at the equator and decreases towards the poles, it is necessary to compute
the temperature data using an areal weighted algorithm. This process ensures that high-latitude polar zones of
small surface area are not overrepresented in the calculation of global temperature averages.

In addition to the areal weighted averages of global temperature, similar calculations were made of the average
tropopause height for the two polar and one tropical convection cell. Using these tropopause heights as the upper
boundary, a surface to tropopause lapse rate was calculated for each zonal latitude component of the planetary
meridional atmospheric transect. (Table 5). An additional benefit of the re-binning of the latitudinal transects to
a great circle meridian calibration is that it facilitates the presentation of the seasonal global atmosphere transects
into an Octon set of polar plots organised from the perspective of the solar zenith (Figures 1 and ?7). 4. The
tropopause height in metres for each of the 3 regional circulation cells (North Pole, Tropical and South Pole).
5. The tropopause temperature in Kelvin for each of the 3 regional circulation cells (North Pole, Tropical and
South Pole). 6. Near-surface temperature inversions associated with anomalous energy capture in the boundary
layer were recorded when observed in the data. The results of this analysis are presented in data supplemental
files located online at Research Gate [29].
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3 ¢) A Comparison between the Tropospheres of Venus and
Mars

The two terrestrial planets Venus [30] and Mars have a significant number of environmental differences and some
very interesting atmospheric similarities (Table 6). The MY29 atmospheric data used here [6] is organised into
a set of two Excel Workbooks that each contain a group of 8 Excel worksheets. These worksheets collate the
daytime and nighttime polar meridional transect data across each hemisphere for the 8 seasonal octans for the
Martian year MY29 ??726,27]. Each of the 16 worksheets contains 36 columns that record the atmospheric profile
data in 5-degree wide latitude swathes that cover the full extent of the specific hemisphere (either lit day or dark
night). For each 5degree wide latitude band the vertical profile data is recorded at a set of 96 levels that range in
height above the datum surface from 1,263 m (610 pascals) to a maximum height of 93,523 m (0.0042 pascals).
Due to technical issues associated with the satellite data acquisition process [6] the physical extent of the collated
temperature data varies for each of the 8 worksheets within the respective workbook ?726,27].

i. The Planetary Differences 7 Venus is closer to the Sun than Mars and therefore receives a greater solar
radiation flux. 7 Venus is a slowly rotating world; Mars is a fast daily rotator. ? Venus is more massive than
Mars and therefore has a higher surface gravity. 7 At its base the atmosphere of Venus is a highpressure, high
temperature environment. ? At its base the atmosphere of Mars is a lowpressure, low temperature environment.
? Venus has a high planetary Bond Albedo (A V ) and is therefore visibly bright and reflective. ? Mars has a
low planetary Bond Albedo (A M )and is therefore visibly dull and poorly reflective. ? The exit-to-space thermal
radiation emission height of Venus is in the planet’s stratosphere at an elevation of 71 Km. ? The exit-to-space
thermal radiation emission height of Mars is in the planet’s surface boundary layer at an elevation of 1.6 Km.

ii. The Atmospheric Similarities Both Venus and Mars contain an abundance of carbon dioxide gas in their
respective atmospheres (Venus 96.5%; Mars 95.1%).

Both Venus and Mars have an equivalent tropopause elevation (Venus 63.4 Km; Mars 62.0 Km) this is despite
the massive differences in the pressure and temperature profiles of the two planet’s tropospheres (Figure 3) and
requires an explanation. Climate Science is built on a conceptual model that removes from its fundamental
analysis the dual complementary energy environments of a lit daytime hemisphere and a dark nighttime
hemisphere. By preserving these two energy environments the Dynamic-Atmosphere Energy Transport (DAET)
climate model more appropriately mimics the meteorological reality of a solar lit globe [30] and the DAET model
is therefore applied herein.

4 a) The Vacuum Planet Equation (VPE)

Studies of the atmospheric dynamics of terrestrial solar system planets has a long and detailed history. The
fundamental equation for the basis of this work is exemplified by the radiation balance equation (corrected from
the published errorpers comm) used by Sagan and Chyba [15]: -”The equilibrium temperature T e of an airless,
rapidly rotating planet (or moon) is: -Equation ?7:T e ? [ST R 2 (1-A)/4? R 27 7] 1/4

b) The Issues of Absorptance ?, Reflectance ? and Emittance ?

The Absorptance ? of the surface of a material is its effectiveness in absorbing radiant energy. Absorptance is
the ratio of the absorbed to the incident radiant power.

The Reflectance ? of the surface of a material is a measure of its capability to reflect radiant energy. Reflectance
is defined as the fraction of incident radiation reflected by a surface or discontinuity.

For an incident beam of unit power striking a material surface the Absorptance ? plus Reflectance ? is unity
because energy is conserved.Equation 2: 7 + 7 =1.

Emittance ? is the ratio of radiant exitance of a thermal radiator to that of a full radiator (black-body) at the
same temperature. As such Emittance ? is the lowfrequency radiant converse of Absorptance ? and is less than
unity because of the missing component of energy lost to the absorbing surface by Reflectance 7.For a surface at
thermal radiant equilibrium the amount of insolation energy absorbed is equal to the amount of thermal radiant
energy emitted, therefore 7 = 7 and consequently Kirchhoff’s Law applies [31]:Equation 3: 7 + 7 =1.

As a material body with zero reflectance would be a black-body(Kirchhoff’s Law of Thermal Radiation) and
the surface is in fact a grey-body it follows therefore where ? is the Stefan-Boltzmann Constant (S-B), ? the
effective surface emissivity, A the wavelength-integrated Bond albedo, R the planet’s (or moon’s) radius (in
metres), and S the solar constant (in Watts/m 2 ) at the planet’s (or moon’s) average orbital distance from the
sun.” [15]. Equation 1 is hereafter called the Vacuum Planet Equation (VPE).

that reflectance must be included in the computation of the total energy budget.

5 c¢) The role of Bond Albedo (A) in the Atmospheric Energy
Budget

In equation 1 the wavelength-integrated Bond Albedo A reduces the power of the solar irradiance that acts
within the planetary climate system. The Bond Albedo is a bypass filter that records the planetary brightness
and removes from the climate budget the solar energy flux that exits the planetary atmosphere and returns to
space as unaltered high frequency radiation. Therefore, it is axiomatic that all the high frequency energy flux
post-albedo (1-A) is degraded to low frequency thermal radiant flux by the processes of light interception, both
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8 F) MARS GLOBAL AVERAGE EMISSIVITY (MGAE) SENSITIVITY TEST

in the planet’s atmosphere and at the physical surface. For the planet Mars there are three main processes that
capture insolation energy. These are: 1. Atmospheric dust which generates the visibility obscuring haze, warms
the atmosphere and so reduces the power of the insolation that reaches the surface [32]. 2. The physical surface
which absorbs insolation energy by absorptance 7. 3. The action of surface reflectance 7 that creates a process of
near surface backlighting of the dust in the boundary layer of the lower atmosphere. N.B. Although the Martian
surface is obviously visible, this lit surface reflectance of insolation is of necessity already incorporated into the
Bond Albedo (A M ). Consequently, the insolation energy rejected by the surface {(1-A M )*?} must be absorbed
by the atmosphere, otherwise the black body status for the thermal emission temperature of the planetary globe
that is demonstrated by setting the emissivity to value 1 in the Vacuum Planet Equation could never be achieved
(Table 77).

6 d) Global Average Temperature Calculations

The Black-body temperature T e for Mars is 209.8 Kelvin, this value is achieved by setting the emissivity ? to
unity in the VPE (Equation ?7), however the observed mean surface temperature for this planet is T s = 211.8
K (this study) therefore the difference 1?” T between T e and T s = 2.0 Kelvin which is the atmospheric thermal
enhancement effectfor Mars. (Table ?77).

Emissivity is an intrinsic property of the material composition of the planetary surface of Mars, and as
such surface emissivity is independent of the nature and presence of an overlying atmosphere. When the surface
emissivity is set to unity this parameter adjustment includes in the VPE the missing component of high frequency
reflectance energy that must have been absorbed by the atmosphere.

Clearly for Mars the 0.25 Bond Albedo, which is applied for the process of insolation energy filtering, must
already incorporate into its value any planetary surface reflectance of insolation that is lost to space. Consequently,
the post-albedo insolation energy flux (1-A M ) that illuminates the surface must all be captured by atmospheric
opacity and converted into thermal energy for use within the dynamics of the Martian climate system.

The issue of reflectance is fundamental to climate science because the quantity of energy is always conserved.
Therefore, a surface with an emissivity of <1 (a grey-body) will always report a S-B temperature that is lower than
the planetary emission temperature, because the planetary radiant emission temperature that is seen externally
incorporates all the surface solar reflectance energy flux that has been converted to thermal energy by the presence
of the atmosphere.

7 e) Estimation of Mars Global Surface Emissivity

For the purposes of the modelling analysis presented here it has been assumed that the Global Octon Night time
temperature of 202.5 Kelvin for MY29 [6] is a function of the average surface emittance of Mars (Table 5). The
proposition being applied is that the unlit nighttime surface acts as a radiator that exits thermal radiant energy
directly to space via an unimpeded atmospheric window. Further that the diurnal temperature range for Mars is
generated solely by the process of adiabatic thermal enhancement, because the diabatic thermal radiant opacity
of the semi-transparent Martian atmosphere is effectively energy neutral. Based on this proposition applying
the Vacuum Planet Equation with a global average solar irradiance of 109.9 W/m 2 reports an emissivity of
0.87 (Table 8) as the surface flux parameter that generates an average nighttime surface temperature of 202.5
Kelvin (Table 5). This value is estimated to be an average dust haze dimming of 3.11% for the MY29 planetary
atmospheric temperature data (Table 9).

8 f) Mars Global Average Emissivity (MGAE) Sensitivity Test

The Mars Global Average Emissivity (MGAE) used herein is derived from matching the VPE for Mars to the
average annual night time surface air temperature. Assuming a diabatic transfer of thermal flux energy from the
air to the surface and an open atmospheric window then the surface emissivity is calculated to be 7=0.876.Using
this value, a dust haze solar flux dimming of 3.11% is calculated by DAET inverse modelling for a GAT constraint
of 211.8 Kelvin.

Conversely Savijarvi, et. al. (2005) [3] report that the Martian air absorbs 1% of Solar Radiation and that the
Solar attenuation by dust is 26% at the solar zenith. Using their value of a global dust haze solar flux dimming
of 1% then the MGAE value can also be determined by DAET inverse modelling for a GAT constraint of 211.8
Kelvin. The DAET climate model reports that 7=0.880 in this case. This simple sensitivity test demonstrates
that as the dust opacity weakens and the air captures less solar energy, then the surface must become darker and
absorb more insolation to allow the DAET model to report the GAT constraint of 211.8 Kelvin.

In a dynamic environment such as the dust laden troposphere of Mars both dust opacity and clear sky
surface albedo are observed to vary [34], for example by dark dust storm deposits occurring on the bright polar
icecaps during summer solstice when the Tropical convection cell expands to become hemisphere encompassing
(Figuresl.c, 2.c). The relative stability of the calculated MGAE under different dust loadings supports the
modelling hypotheses of using the VPE with an assumption of a fully open atmospheric window and suggests
that global surface temperature values are a key component of dust circulation vigour [7].
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9 g) DAET Model Design Features

There are three key facts about planetary atmosphere on terrestrial globes that determine the climatic response
of the atmospheric system: -1. That the presence of even a fully thermally radiant transparent mobile-fluid
atmosphere raises the global average surface temperature above that of a rotating vacuum world. 2. That this
thermally radiant transparent atmosphere both retains and recycles solar energy, and achieves a stable energy
flow across the planet’s surface. 3. The stable limit of the energy flow within the system is set by the partition
ratio of energy between the radiant loss to space of the emitting surface of both hemispheres, and the quantity of
energy retained and recycled by the air. The action of atmospheric heating by insolation involves the collection of
energy by the following four physical processes: 1. The interception of down welling solar energy by atmospheric
particles (dust and aerosols) and absorptive polyatomic gases thereby heating the atmosphere. 2. The action
of conduction whereby the lit hemisphere solar heated solid surface warms the basal air layer above the ground
by physical contact. 3. The action of convection whereby the warmed basal atmospheric layer parts company
from the heated surface by the gravity involved process of buoyancy mediated vertical translation of air. 4. The
process of thermal radiant opacity whereby the mean free path of thermal radiant energy is significantly less
than the physical width of the atmospheric layer being traversed by the upwelling beam of radiant energy. Each
of these four physical processes behaves as either an energy balance or diabatic process (processes 1, 2 and 4)
or as an energy imbalance or adiabatic process (process 3).1t is process 3, adiabatic convection that permits the
flux-gate mediated storage of thermal kinetic and gravitational potential energy within the mobile fluid medium
being impacted by a radiant energy flux in the presence of a gravity field.

In the case of the low-pressure atmosphere of Mars the energy flux from the lit solar heated solid surface into
the overlying atmosphere is a diabatic process whereby 50% of the flux is transmitted into the atmosphere by
conduction and 50% of the flux is directly lost to space via the atmospheric window.

The action of atmospheric cooling involves the loss of energy by the following two physical processes: 1.
Thermal radiant emission to space where the opacity interception window is open. This takes place either
through the surface atmospheric window [35] or through low density air of whatever composition at air pressures
typically below 0.1 bar [13]. N.B. the physical cooling of an air mass as it rises away from the ground surface
under the action of convection is not an energy loss process. 2. Vibrational flexure associated with either the
asymmetric bending motion of polyatomic molecules (those gases with three or more covalent bonded atoms) or
the propagation of flexural shear waves through physical solids (either the planetary surface or atmospheric dust,
aerosols, and ice particles). N.B. Shear wave flexure of a solid is the coupling mechanism that permits the loss
of kinetic energy (a mass motion quality) from a physical material and its transformation into radiant energy
(an electromagnetic quality). Because fluids and gases cannot transmit shear waves, these fluid media therefore
rely on the presence of embedded particles that can sustain flexure (dust, aerosols, ice, and polyatomic gases) to
facilitate the process of radiant cooling from their physical mass.

10 h) DAET Model Design Structure

The mathematical design for the structure used in the Dynamic-Atmosphere Energy-Transport (DAET) climate
model replicates a series of descending fractions (halves-of-halves); the infinite summation of which has as its
limit the finite number one. The computational process used to generate the stable number outcome of a mean
global surface air temperature is shown in Table 10.

Starting with the Top of the Atmosphere average annual insolation intercepted by the disk of the lit hemisphere,
this flux is divided by 2 to produce the average hemisphere insolation (Action A).To this diluted flux is then
applied the Bond Albedo (Action B) to generate the post-albedo flux (1-B) that is captured by the Martian
Climate System and recycled internally within the Atmospheric Reservoir by non-lossy Adiabatic Convection
(Table 10).

In the thin thermally radiant transparent atmosphere of Mars the surface heating process is diabatic (50%
50%). However, in the DAET model computation the surface partition ratio applied is 25% radiant flux and 75%
thermal flux (Table 10).The reason for applying this ratio is because it is the solar energy that is split diabatically,
whereas the convecting air above the surface air retains energy from previous flux cycles and so behaves as an
energy reservoir that indefinitely retains a finite quantity of historic energy flux. The 50:50 diabatic ratio is best
observed in the night time component of the model where all the energy flux is delivered by the advected air
(Figure 4). The convected In the DAET model the adiabatic partition ratio of 1/3 thermal radiant flux loss
to space from the atmosphere and 2/3 thermal mass flux being retained by the mobile air (Table 10) is the
application of the infinite sequence halves-of-halves doubling of flux energy in the mass motion domain. This
concept of an infinite feedback series with a finite limit is already well established by Climate Science as the
process of flux retention in the radiant domain of a thermally opaque atmosphere [36].

11 IV. Results of Applying the Dust Lossy Adiabatic DAET
Climate Model to Mars

The energy budget for the atmosphere of Mars that results from the application of the computational sequence
detailed in Table 10 is recorded in Table 11: Note the significant figure rounding issue in the Excel table (152.13*2
= 304.27) for the calculation of the Retained Net Effective Insolation (C-H-K = 152.13(5) W/m 2 ), which is the
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12 DISCUSSION

post-albedo insolation that the lit hemisphere captures {C} minus the lit surface thermal loss to space via the
atmospheric window (H) and from entrained dust (K). This flux energy value is doubled by the summation process
of infinite planetary adiabatic circulation (Table 10) to form the lit side Atmospheric Reservoir of 304.26(7) W/m
2 (Table 11). The energy budget parameters recorded in Table 11 are shown diagrammatically in Figure 5.

V.

12 Discussion

The climate modelling analysis presented here is based on the following propositions: 1. That Climate Science
is fundamentally engaged in the study of atmospheric thermal radiant opacity. 2. That the planet Mars
when observed from space acts as a black-body thermal radiant emitter (?=1) [14]. 3. That the surface to
spaceatmospheric window for

Mars is completely open. A comparison with the stratospheric pressure profile from the Venus carbon dioxide
atmosphere demonstrates that the low-pressure carbon dioxide troposphere of Mars is fully transparent to surface
thermal radiation (Figure 3). 4. On applying the Vacuum Planet Equation (VPE) to the MY29 average annual
nighttime surface temperature it is established that the surface emittance of the planet Mars is 7=0.87 (Table 8}.
5. That because Kirchhoff’s Law applies (? + ? =1) it necessarily follows that all the post-albedo solar reflectance
? from the solid surface of Mars must be absorbed by the atmosphere, otherwise the external blackbody status of
the planet (?7=1) could not be achieved. 6. That because there is a logical conflict between points #3 -full thermal
radiant atmospheric transparency and #b5 -full thermal radiant atmospheric opacity, it necessarily follows that
there are two separate physical mechanisms in play. These are that the low-pressure carbon dioxide atmosphere
of Mars is transparent to thermal radiation, while it is the dust content that generates the thermal radiant opacity
of the Martian atmosphere [7]. 7. Critical to this understanding is the recognition that the absorptance of solar
energy by the Martian atmosphere refers solely to the post-albedo insolation flux. It is the surface reflectance
component of the pre-Albedo flux which returns directly to space that allows the surface of Mars to be observed
with visible light, while it is the postalbedo component of the reflectance flux that is quenched by the dust haze
in the Martian atmosphere (Figure 5). 8. The surface radiation loss to space via the atmospheric window in
the DAET model is a diabatic 50/50 partition ratio and that the atmospheric window is completely open to
surface thermal radiation. 9. That the calculated 2 Kelvin Atmospheric Thermal Effect for the planet Mars is a
consequence of the infinite halves-of-halves recycling of energy flux by the atmospheric mass motion of convection
between the solar heated lit surface of Mars and the unlit dark hemisphere of the planet’s nighttime surface. 10.
This infinite sum of decreasing fractional quantity retained by the circulation of the air is a direct functional
equivalence to and has the same mathematical form as the radiant flux process of energy loss to space from a
thermally radiant opaque atmosphere that is invoked by the standard climate model paradigm [36]. 11. The
DAET modeled flux that maintains the nighttime atmosphere in balance is higher than the diurnal circulating flux
(Table 11). The presence of a "stable level” flux datum for the nighttime atmospheric reservoir is confirmation
of the need for the structure of the atmospheric circulation cell to be maintained against the force of gravity. 12.
That in establishing from MY29 temperature data that the surface emittance for Mars 7=0.87 it follows that the
average surface temperature of the planet will be lower than the thermal emission temperature as observed from
space (?7=1). This conflict in emissivity values generates the misconception of a negative greenhouse effect in the
Martian atmosphere in which the surface is indeed observed to be colder than the atmosphere above it [24]. 13.
The MY29 temperature data clearly shows the presence of a boundary layer thermal inversion at the planet’s lit
hemisphere surface, particularly at high latitudes with correspondingly low solar elevations (Figure 6). Surface
atmosphere thermal inversions are typically a nighttime phenomenon and to observe this feature under daytime
surface insolation requires explanation. 14. It is proposed here that dust absorptance of surface reflectance
during daylight captures into the surface boundary layer the solar energy required to produce the observed
surface inversion (Figure 6). Consequently, the atmospheric inversion is paradoxically a feature of atmospheric
solar heating by dust presence and not of surface to space radiative cooling via the atmospheric window. 15. The
structural form, seasonal variation, and physical height of the tropopause for both the Tropical and Polar cells is
a manifestation of atmospheric circulation dynamics under daytime insolation forcing and dark surface radiative
cooling (Figures 1, ?77). 16. The locus of energy loss for the planet’s surface is located over the poles (Figure 7),
with particular focus at the respective winter pole of continuous darkness (Figure ?7?). 17. During each Equinox
there is a symmetrical balance between the structure of the Tropical and Polar atmospheric cells (Figure 7). 7.
The concept of a negative green house effect for the planet Mars, defined as the difference between the grey-body
surface emittance radiant temperature and the planetary black body emittance radiant temperature, is resolved
by accounting for the role of surface reflectance in Kirchhoff’s Law and the quenching of solar back-lighting by
surface boundary layer dust opacity. 8. The application of the DAET climate model to the MY29 atmosphere
temperature data demonstrates that, even in the presence of a fully gaseous transparent atmosphere,adiabatic
circulation flux doubling occurs and that this non-lossy process explains the retention of thermal energy in the
Martian atmosphere. 9. The weight of the atmosphere that needs to be supported against gravity includes the
dust particles present at any given time.That weight varies with the vigour of adiabatic convection. The clearer
the atmosphere of dust the more the surface heats and the stronger the adiabatic convection becomes. That
increased convection strength lifts more dust which cools the surface by increasing albedo until the strength
reduces again and dust clears and falls back to the ground for the cycle to begin again. 10. The effect of this



338 cyclical atmospheric see-saw explains why the planet Mars experiences periodic planet-wide dust storms [37,38]

339 with a potential trigger being the overwhelming and disappearance of the southern polar cell by the tropical cell

340 soon after the southern spring equinox (Figure ??b) whereas the northern polar cell is maintained in some form
during the full course of the northern hemisphere summer (Figure 1).
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Comparison Mars Venus

Planetary Surface Pressure (Pascal) 636 9,321,900
Planetary Surface Temperature (Kelvin) 2118 699
Scale Height (Atmospheric thickness) (m) 10,900 15,080
Atmospheric Composition: CO; by Volume % 95.1% 96.5%
Height of the Planet's Lit side Tropical Tropopause (Km) 62.0 63.43
Equation Temperature of the Planet's Tropopause (Kelvin) 134.4 224
Equation Pressure of the Planet's Tropopause (Pascal) 0.592 8,042
Planet's Vacuum Planet Equation Emission Height (Km) 1.6 71.06
Planet's Vacuum Planet Equation Emission Pressure (Pascal) 548.3 1,868

Venus Atmosphere to Mars Surface Pressure Equivalence Height

0 76.23
(Km)
Venus Atmosphere to Mars Surface F."ressure Equivalence 211.8 208.27
Temperature (Kelvin)
Venus Atmosphere to Mars Tropopause Pressure Equivalence 62 ~100

Height (Km)

Figure 9: Figure 5 :

Venus and Mars - Atmospheric Comparison

Venus Atmosphere: 76,23 Km Elevation of 636 Pascal Level (Mars Surface Fressure)
enus Atmosphere Emission Height: 71.06 Km; 1,868 Pascal; 226 Kelbvin

Wenus Sunlit Tropopause Height: 63.4 Em; 8,042 Pascal

Mtars Sunlit Tropopause Hedght: 62.0 Km; 0.582 Pascal

Venus Atmaspheric Scale Height: 15,08 K

Elevation above Planetary Surface (Km)
& %t

Mars Atmospheric Scale Height: 10.90 Km

Mars Atrmosphere Erission Hl,-'lijlll: 1.6 Km; 548 Pascal; 3098 Kebvin

ol
Venus Atmosphere: 96.5% C0, [Planet Surface| Mars Atmosphere 85.1% CO,
Surface Pressure: 9,321,900 Pascal Surface Pressure: 636 Pascal

18 Surface Temperature: 639 Kslvin Surfece Temperature: 211.8 Kelvin

Figure 10: 18 .

11




12 DISCUSSION

Parameter

Solar Constant at distance a

Radius of Body

Bond Albedo

Effective energy capture

Surface Power

Stefan-Boltzmann Constant

Expected Te

Atmospheric Thermal Enhancement

Actual T,

Distance from the Sun

Parameter

Solar Constant at distance a

Radius of Body

Bond Albedo

Effective surface emissivity

Surface Power

stefan-Boltzmann Constant

Expected Te

“Greenhouse Effect”

ActualT:

Distance from the Sun

Symbaol Mars
5 586.2
R 3,376,200
A 0.25
o+p 1
109.913
o 5.67E-08
Te 209.8
ATE 2.0
Ta 2118
a 2.2733E+11

Figure 11: Figure 6 :

Symbol Mars
5 586.2
R 3,376,200
A 025
E 0.87
55.346
o 5.67E-08
Te 202.5
GE 9.3
Ts 2118
a 2.2793E+11

Figure 12: Figure 7 :
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Martian Climate Metrics
A Mars Top Of Atmosphere (TOA) Solar Irradiance W/m?
B Mars Bond Albedo
C: TOA Post-Albedo Solar Irradiance W/m*

D: Insolation Absorbed by Obscuring Atmospheric Dust Haze %

D Dust Absorptance o
O: Insolation Absorbed by Obscuring Atmospheric Dust Haze W/m’
&: Martian LitHemisphere Average Surface |llumination W /m®
E: Effective surface emissivity e
E: Martian Lit Hemisphere Average Surface Absorption W/m?
F: Lit Surface Reflectance [1-c) (Atmospheric Back-Lighting)
F: Martian LitHemisphers Average Back-Lighting w/m’
Global surface Area of Lit Tropical Cell
Global 5urface Area of Lit Polar Cell

Global Surface Area of Unlit Tropical Cell

81 Global surface Area of Unlit Polar Cell

Figure 13: Figure 8 :Conclusions 1 .
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Action
& Mars Top Of Stmosphene
{TOMA) Solar Irradiance Wm®
B: Mars Band Alheda
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Wi
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Dust Solar Energy Absonption
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E: Lit Hemzphere Surface
Absorbed Solar Radiation Wiim®
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Cold Surface Air Thermal
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Winter Polar
Vortex
of Descending Air

Lit Hemisphere
Total Radiant Loss Ta
Space: 143,76 W/m?
[LE53F7 Unit Flux)

F -
Lit Surface Dlabatic Energy Partition Ratie
Surface Thermal Radiant Loss bo Space:

| Surface to Air Thermal Conduction 50% |

Zenith Point

of Ascending Air

Lit Atmosphere Adiabatic Energy Partition Ratie
Air Thermal Radiant Loss to Space: 33.33%
Alr Thermal Mass Export to Might side: 66.67%

Export: 15213 W/m?
{0.69206 Unit Flux)

Dark Atmesphere Adiabatic Energy Partition
Ratio

Ajr Therrmial Radiant Loss o Space: 33.33%

Alr Thermal Mass Return to Day side: 66.67%

Top of M:nsphere Thermal

Figure 15:

Daytime
Budget:
Adiabatic

C: Post-AlbedoLitsideLossto MetEffective  Circulation of Litsidelossto

= Solar Spacefrom Litside Metinsolation Spacefrom Circulation of Nex
HE Irradiance  Solid Emitters Insolation (C- TimesTwo — Amospheric Lﬂ"'[‘ﬂfr' Insolarion minus M:“.ml
wim® [H+K} H-K] {Infinime EmittersiL) Litside
Fractional Armospheric Loss.
Summation
Loop)
GrinsW/m’ 219.83 30227
LossesW/m’ 67.69 76.07 14376
Retention
wjmt 152.13
“‘,;;ﬂ‘?i' 304,27 22820 53247
. 5 R: Dark side Polar
e ”;"nm e O:-Nighttime | o diicsdDak 0; Dark side Atmosphere  Mars Gross
Ni N wnl e SurfaceFlux  LosstoSpace Total Darkside  Thermal Flanetary
Diark Fiow wfﬂ'n‘“m nll "‘“"": Splulwf i atter from Loss to Space Retention (P-Clj: RadiationLossto
Dusk P : e Atmospheric  Amospheric (O+0) Advects to Space
Terditabig Heatad S Window Loss  Emitters{N-P) Tropicsacross  (H+K+L+0+0)
Dawn Terrminator
GainsW/m® 152.13
LossesW/m® 38.03 38.03 Te.07 2158.83
Retention
Wjm? T6.07 11210 Te.07
Figure 16:

15
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C: Incoming solar Daytime Hemisphere : Night-time Hemisphere
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Figure 19: Table 2

Figure 20: Table 3 :

Figure 21: Table 4 :

Figure 2: Mars Global Tropopause Height -Southern Hemisphere Summer
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Figure 23: Table 6 :

16



11
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Figure 25: Table 9 :
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