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Comparative Analysis of Terahertz Propagation
Under Dust Storm Conditions on Mars and Earth

Lasantha Thakshila Wedage, Bernard Butler, Sasitharan Balasubramaniam, Yevgeni Koucheryavy,
Mehmet C. Vuran

Abstract—Reliable Terahertz (THz) links are necessary for out-
door point-to-point communication with the exponential growth
of wireless data traffic. This study presents a modified Monte
Carlo simulation procedure for estimating THz link attenuation
due to multiple scattering by dust particles on the THz beam
propagation path. Scattering models are developed for beams
through dust, based on Mie and Rayleigh approximations for
corresponding frequencies for Earth (0.24 THz) and Mars
(1.64 THz). The simulation results are compared, considering
parameters such as the number of Monte-Carlo photon (MCP)
packets, visibility, dust particle placement density along the beam,
frequency, and distance between the transmitter and the receiver.
Moreover, a channel capacity model was proposed, considering
THz link attenuation due to dust storms, spreading loss and
molecular absorption loss for Earth and Mars outdoor environ-
ments. Simulation results for Earth show that link attenuation
increases with dust particle placement density, distance and
frequency, and attenuation decreases with visibility. On Mars,
similar results are obtained, except that the attenuation is variate
around a constant value with the frequency increase. Channel
capacity is estimated for Earth and Mars environments consid-
ering time and distance-dependent scenarios. Time windows that
show a sudden drop of dust particles along the beam provide
opportunities to communicate with high reliability. Moreover,
increasing the distance between the transmitter and receiver
severely reduces the channel capacity measurement in strong dust
storm conditions in both environments. Our study has found that
weak dust storms have relatively little effect on Mars, but much
larger effects on Earth.

Index Terms—THz Communication, Atmosphere, Attenuation,
Scattering, Dust.

I. INTRODUCTION

S IXTH generation (6G) wireless networks aim to push
the frequency spectrum into the Terahertz (THz) band to

fulfill rising capacity demands and requirements, given the
opportunity for higher bandwidths [1]–[3]. The 0.1 to 10
THz frequency range has the potential to (1) realize high
bandwidth transmissions that can allow hundreds of GB/s
data rates for communication [4]–[6], and (2) provide new
opportunities to create miniature THz-enabled antennas due
to the small wavelengths (30 µm – 3 mm), enabling us to
design arrays with a large number of antenna units [7]–[9].
Numerous studies have shown that specific THz frequencies
suffer high molecular absorption due to atmospheric gases
(e.g., water vapor and oxygen). However, given the wavelength
and high energy photons of THz signals, other particles can
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also significantly impact the link budget, which can result in
scattering and absorption of signal power.

Recent studies have shown that solid particles such as dust,
sand and ice affect THz signals [10], in addition to molecular
absorption from atmospheric gases [11]. However, past studies
have paid little attention to signal attenuation caused by solid
particles such as dust and sand. Therefore, further investigation
is required to determine how dynamic environments composed
of solid particles, such as dust storms, affect THz links.
This requires further investigation, especially as we expand
connectivity in rural areas and other planets (e.g., Mars) to
interplanetary scale. In the case of Mars, the recent vision of
colonizing the planet will require high-bandwidth connectivity
to maximize chances for human survival.

A dust storm is a physical layer of dust and debris blown
into the atmosphere by winds with horizontal and vertical
velocity components. On Earth, the wall of dust can be miles
wide and several thousand feet high. Dust storms are more
frequently found in arid regions such as the Middle East
[12], North China [13], and North Africa [14] at specific
periods of the year. In more densely populated areas, human
activity creates dust when burning fossil fuels for heating,
cooking, or transport. Industrial and construction processes
also create dust. This study compares the effects of solid dust
particles on (sub)THz signals on both Earth and Mars, taking
account of varying environmental conditions. Considering the
differences in atmospheric conditions on Earth and Mars, with
or without dust, suggests the use of different frequencies
to enable relatively long-distance wireless communication on
both planets. Dust storms are one of the most remarkable
features on Mars. Even though wind speed on Mars is not
significantly higher than on Earth, the extremely dry, dusty
surface yields more dust storms.

Figure 1 provides an overview of selected wireless commu-
nications applications on Earth, and proposed wireless com-
munication applications on Mars. While the applications differ,
they are both affected by wireless channel losses, including
those caused by dust particles that can scatter the EM waves
used for communication. The rest of this paper considers the
similarities and differences in the channel conditions, and
includes models and simulations based on simulated dust
storms that result in beam scattering, as shown at the bottom
of Fig. 1.

In a dusty environment, the dust particle density is higher
than usual, and the effects of multiple scattering of EM waves
due to dust particles are non-negligible. Recent studies have
not considered this significant effect on the attenuation of
EM waves [15], [16]. The lack of consideration of multiple
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Fig. 1: THz wireless communication applications and links through Earth and Mars atmospheric and environmental conditions.

scattering effects can result in significant gaps between theo-
retical and experimental results. This paper considers multiple
scattering of EM waves due to dust particles along the beam
propagation path. To this end, we model the EM wave as a
photon packet instead of a shower of photons. It is inaccurate
to consider the EM wave as a shower of photons characterized
by the position of a photon and its trajectory [17]. A photon
packet models a portion of the energy weight of the EM wave
rather than single photons (which have quantum behavior).
Therefore, we can consider an EM wave as a collection of
energy packets and model multiple scattering effects utilizing
the Monte Carlo algorithm, to infer the radiative transfer
equation. The THz link scattering loss measurement in this
study is inspired by [18], where the scattering loss due to
charged dust particles is calculated by considering the energy
of the transmitting signal as Monte Carlo Photon Packets.
Vertical THz attenuation is determined in [18], but this study
considers horizontal point-to-point communication for both
Earth and Mars in dusty atmospheric scenarios.

The contributions of this paper are:

1) A 3-D geometric scattering model for multiple photon-
dust particle interactions is presented, using both Mie
and Rayleigh approximations, to estimate the probability
that a photon packet arrives at the receiver.

2) The model is used in simulation to estimate the overall
channel capacity considering THz and sub-THz link
budget degradation due to the combination of scattering
by dust particles, molecular absorption loss due to the
atmosphere, and free-space spreading loss.

TABLE I: Atmospheric gas composition comparison between
Earth and Mars [16]; ppm is a concentration of parts per
million.

Gas Composition on Earth Composition on Mars
N2 78.084% 2.7%
O2 20.946% 0.13%
Ar 0.93% 1.6%
H2O 1-3% 100-400ppm
CO2 0.003% 95.32%
CH4 1.5ppm -
SO2 1ppm -
O3 0.05ppm 0.1ppm
N2O 0.02ppm -
CO 0.01ppm 0.08%
NH3 0.01ppm -
NO - 100ppm

3) Different communication channel conditions (on Earth
and Mars) and their effect on channel capacity, including
power loss caused by multiple scattering by dust, are
compared and analysed.

The rest of this paper is organized as follows: Section II
describes dust conditions and how they affect EM propagation
and contrasts the conditions that prevail on Earth and Mars;
Section III describes how 3D dust storm simulation is affected
by the number of dust particles on the EM wave propagation
path. Then Section IV explains the Monte-Carlo simulation
process for calculating the transmittance/attenuation when
photon packets are scattered by multiple dust particles. Section
V presents estimates of transmittance/attenuation obtained by
Monte-Carlo simulation, in various parameter settings. Section
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VI presents a channel capacity model that combines the effect
of spreading, molecular absorption and multiple scattering by
dust, with simulated results. Finally, Section VII presents our
conclusions.

II. BACKGROUND

A. THz link behaviour in Dust Storms

THz signal attenuation due to the scattering loss caused by
high dust particle density on the THz beam propagation path is
the main concern of this study. Dust particle density on Mars
is expected to be higher than on Earth because of the dusty
atmosphere with low water vapour concentration. Mars dust
consists of basalt and montmorillonite clay [19]. On the other
hand, Earth dust consists of pollen, bacteria, smoke, ash, salt
crystals from the ocean, and small amounts of dirt or various
rocks, including sand. Moreover, during dust storm conditions
on Mars, the effective radius of the dust particle varies from
1 to 4 microns with an effective variance of 0.2 – 0.4 [20].
However, on Earth, the effective radius varies between 1 and
150 microns [18], [19].

Many researchers investigated the THz [16], [18], [21],
[22] and lower frequency bands [23], [24] attenuation due to
the presence of dust particles on the beam propagation path.
In [18], Monte-Carlo simulation was used to calculate the
transmittance of EM waves when they propagate through dust,
considering multiple scattering effects for charged particles
in 20 and 75 GHz frequencies. Hongxia et al. [21] also
studied the attenuation characteristics of THz waves subject
to multiple scattering caused by dust storms in the Tengger
desert, using the Mie scattering approximation and Monte
Carlo simulation. In addition, considering the Mie theory,
Diao et al. [16] investigated THz wave attenuation due to
heavy dust in the Martian atmosphere in the 0.1-1 THz
frequency range and compared with Earth measurements. [22]
investigated attenuation at 0.625 THz caused by dust utilising
an experimental setup and found that degradation of the THz
link budget is minor due to dust, compared to that found using
IR beams with 1.5 µm wavelength, and average attenuation
of the THz link is proportional to the dust particle density.
Moreover, Elshaikh et al. [23] developed a mathematical
model to characterise the microwave attenuation due to dust,
considering parameters such as visibility, frequency, particle
size and complex permittivity. Li et al. [24] calculated the light
scattering properties of partially charged dust particles utilising
Mie scattering theory for various frequencies and found that
for higher THz frequency EM waves, the attenuation effect of
charge carried by sand particles can be ignored. Furthermore,
[25] presents the EM scattering properties of the small partially
charged sand/dust particles, using the Rayleigh approximation,
for microwave frequencies.

B. Atmospheric Condition Differences between Mars and
Earth

When THz radio waves pass through the atmosphere, the
signals experience attenuation due to many factors, which
differ in their impact between Earth and Mars. This study
focuses on point-to-point signal degradation in the lower

part of the atmosphere (the troposphere) on Earth and Mars,
when communicating antennas are placed 50 meters above
the ground. Apart from improved line-of-sight properties, [26]
shows that longer communication distances can be achieved
on Mars because dust particle density decreases with height.
The propagation medium in the troposphere of both planets
includes gases, water vapour, clouds, fog, ice, dust, and
assorted aerosols (haze), but the proportions vary. The impair-
ment mechanisms include absorption, scattering, refraction,
diffraction, multi-path, scintillation and Doppler shift. Impair-
ment phenomena include fading, attenuation, depolarization,
frequency broadening, and ray bending. However, this study
considers only Line-of-Sight (LoS) transmission under dust
storm scenarios through the troposphere of both Earth and
Mars. It considers signal attenuation based on three factors: (1)
free space path loss (which is the same for Earth and Mars),
(2) molecular absorption due to atmospheric gases (which are
different for Earth and Mars), and (3) scattering loss due to
dust particles along the propagation path (Mars and Earth
typically have different dust distributions).

Free space path loss occurs due to misalignment between the
transmitter and the receiver antennas. It is the same for both
environments because it only depends on carrier frequency and
distance. Molecular absorption loss plays a significant role on
both planets. It measures the fraction of power loss (of the
carrier wave) converted to kinetic energy due to molecular
vibration when EM waves propagate through molecules of
the atmosphere. Therefore, unlike spreading loss, molecular
absorption loss depends on local atmospheric gas composition
and density (see Table I), including carrier frequency and
distance between the transmitter and the receiver. According
to [27], certain frequencies of the THz spectrum, such as 183,
325, 380, 450, 550, and 760 GHz, suffer attenuation that is
significantly greater than the free space propagation loss, due
to water vapor absorption on Earth. However, the Martian
atmosphere contains only about 1/1,000 as much water as
Earth’s. Still, even this tiny amount can condense out, forming
clouds that ride high in the atmosphere or swirl around the
slopes of towering volcanoes [19]. This serious issue needs
to be considered for vertical communication of Mars surface
devices (Rovers, Habitats, etc.) and satellites. Since our study
focuses on horizontal point-to-point communication, we do
not need to consider upper atmospheric layer’s impact on THz
signal transmission. Therefore, at these frequencies, we expect
lower molecular absorption loss and higher channel capacity
on Mars compared to Earth.

To the best of our knowledge, this is the first study that
compares attenuation (at THz frequencies) due to dust storms
on Earth and Mars, applying Monte Carlo simulation to the
corresponding Mie and Rayleigh approximations. This paper
also presents a channel capacity model that includes the effect
of spreading, molecular absorption and dust scattering losses
for sub-THz and THz links on Earth and Mars, respectively.

III. THZ BEAM PROPAGATION THROUGH A SIMULATED 3D
DUST STORM

This section discusses THz wave propagation through a
randomly simulated 3D dust storm by simulating wind having
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both vertical (up-draught) and horizontal velocity components.
This is used to calculate the number of dust particles on the
beam path. The simulated dust storm (see Fig. 2) consists
of a line source starting at X = 0 and a vertically upward
movement of dust based on the vertex motion due to wind
turbulence at (6000, 0, 0). The line source dust storm in this
study spreads for 8m along the Y-axis (−4 ≤ Y ≤ 4). Such a
line source is more realistic than a point source for dust storm
simulation on both Earth and Mars.

MATLAB’s wind package was used to simulate the storm
and considered an exponential movement of dust along the
positive X-axis coupled with strong wind in the same direction.
Also, dust particles gradually precipitate from the atmosphere,
when their weight exceeds upward forces. Dust particle move-
ment of the point source dust storm downstream of the line
source dust storm comprises both upward (point) wind and
horizontal (line) wind, resulting in a vortex flow (a simulated
whirlwind).

When counting the number of dust particles on the cone-
shaped THz beam, we followed the following method. First,
consider the THz beam starting at the point of (0, 0, h),
where h (50 m) is the transmitter antenna height and beam
propagation direction is aligned with the positive X-axis. In
this cone-shaped beam, the maximum radius of the impact area
is calculated to be approximately 15 cm for the corresponding
transmitting distance of 10 Km. Since it is difficult to calcu-
late the dust particle concentration on such a pencil-thin beam,
we sub-divided the cone-shaped beam into 1× 106 disks with
1 cm distances between the disk centres (see Fig. 2 (a)). Then
we identified the position of each dust particle at 1 m below
the antenna height and recorded its position considering the
nearest two disks. By looping over the position of each dust
particle, and comparing the distances between the nearest disk
centres and the particle position to centre distance, we encoded
the position as being inside (1) or outside (0) of the THz beam
for each particle. From this, we calculated the number of dust
particles along the THz propagation path.

Considering the dust particle size on Mars to vary between
0.5 to 4 microns [20], [28], we simulate a scenario of sending
a THz signal with the transmitter position (5500,0,50) and
the receiver position (6500,0,50), which creates a 1000 m
distance between them while placing the point source vertex
movement at (6000,0,0). As a result, we found that the average
ratio of the number of generated dust particles along the line
of propagation of the THz transmission beam is 0.0022872.
Moreover, considering just the dust particles on the cone-
shaped beam path, their density averaged 10.1832 (say, 10)
particles per cm3. Hence we can conclude that assuming the
beam face area is 0.01 cm2, the number of dust particles along
the beam for a distance of 10 m between the transmitter and
the receiver is approximately 100 particles. However, in this
random walk simulation process, it is difficult to control the
effective radius of the dust particles. Therefore, depending on
the dust particle size, scattering effects (which depend on the
number and size of the particles) along the beam propagation
path can vary.
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Fig. 2: Multiple scattering processes of EMWs in a sand/dust
storm with (a) the decision-making (in/out) method of dust
particles from the beam and (b) the local coordinate system.

IV. MODELLING MONTE CARLO PHOTON PACKETS
PROPAGATION THROUGH DUST PARTICLES

In this section, we calculate the transmittance and the corre-
sponding attenuation of the THz EM wave when it propagates
through suspended dust particles. The initial intention was
to consider the THz EM wave as a collection of photons.
However, photon position and trajectory are not meaningful
here [17] but collections of photons enable us to discretize the
beam in a physically meaningful way. Monte Carlo simulation
is used to estimate transmittance, where the incident plane
EM wave is discretized as Monte Carlo photon (MCP) pack-
ets/units. Such photon packets provide an appropriate physical
unit for discrete event simulation [18]. Each MCP packet is
considered to be an equally divided portion of the energy
weight of the EM wave field. In this simulation model, we
assume that the particle number concentration is uniformly
distributed throughout the THz beam area, and dust particles
are randomly positioned.

The intensity (I) of the incident THz EM wave can be
expressed as I0 = M.W , where M is the number of MCP
packets per unit area per unit time and W is the energy
weight of each MCP. Here we suppose that MCP packet
i (i = 1, 2, ...,M) is randomly scattered by dust particles j
before it either exits the beam cone or reaches the receiver
interface boundary at X = D. We assume that MCP packets
enter from the point (0, 0, h) (which is height h corresponding
to the transmitter antenna height) (see Fig.2) and are forward-
scattered by scattering particles Si,l (l = 1, 2, ..., j) whose
positions are denoted by (xi,l, yi,l, zi,l), which are assumed
random. Moreover, the algorithm will randomly select the
number of scattering particles (l) that collide with an MCP
packet from j dust particles on the EM wave propagation
path because each MCP packet will randomly change its
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propagation direction after every collision and dust particles
are uniformly distributed along the beam path.

We suppose the initial energy weight of each MCP packet is
W = Wi,0 = 1 and after scattering due to scattering particle
Si,l is Wi,l. We also define a local coordinate system xyz with
the origin located at the scattering particle. So, we can define
the propagation direction of the MCP packet i with respect to
the local coordinate system xyz, which is to the x direction
considering forward scattering. The propagation direction for
the scattering direction of the MCP packet i due to the
impact with scattering particle Si,l can be expressed using
the direction cosines (µxi,l, µ

y
i,l, µ

z
i,l) in the global coordinate

system XY Z, which is defined with the help of scattering
(or deflection) angle θ and azimuth angle φ (see Fig. 2 (b)).
In each simulated collision, the scattering particle position
(xi,l, yi,l, zi,l) and the propagation angles (θ, φ) to calculate
the direction cosines were calculated randomly for the global
coordinate system, which will be explained in detail later.

Direction cosines can be calculated according to Fig. 2 (b)
as follows,

µxi,l= −sin(θi,l)cos(φi,l)
√

1− (µxi,l−1)2 + µxi,l−1cos(θi,l) (1a)

µyi,l=
sin(θi,l)(µ

y
i,l−1µ

x
i,l−1cos(φi,l)− µzi,l−1sin(φi,l))√

1− (µxi,l−1)2
+ µyi,l−1cos(θi,l)

(1b)

µzi,l=
sin(θi,l)(µ

z
i,l−1µ

x
i,l−1cos(φi,l) + µyi,l−1sin(φi,l))√

1− (µxi,l−1)2
+ µzi,l−1cos(θi,l).

(1c)

If |µxi,l−1| > 0.99999, then

µxi,l =
µxi,l−1
|µxi,l−1|

cos(θi,l) (2a)

µyi,l = sin(θi,l)cos(φi,l) (2b)

µzi,l = sin(θi,l)sin(φi,l) (2c)

In the initial stage, we suppose that the MCP packet i
enters the dust particle zone form X = 0 at point (0,0,h) and
propagates along the direction of (µxi,0, µ

y
i,0, µ

z
i,0) = (1, 0, 0).

The simulation process depends on uniformly-distributed, ran-
domly generated numbers εi,l, νi,l, and χi,l ∼ Uniform(0, 1),
which are used to calculate the random variables ∆Si,l, θi,l
and φi,l.

The ∆Si,l is the travelling distance between the scattering
particles Si,l and Si,l−1 and defined as,

∆Si,l =
−ln(εi,l)

Cext
(3)

where Cext is the total extinction cross-section efficiency of
spherical dust particles with radius r. The total extinction
cross-section efficiency is expressed [18] as,

Cext =

∫ rmax

rmin

N0P (r)cextd(r), (4)

where P (r) is the log-normal size distribution of dust particles
for both Earth [29] and Mars [16] environments. Here, N0

is the number of dust particles per unit volume, and it can

be expressed as a function of visibility (Vb) [16], which is
represented as,

N0 =
15

0.034744Vb
∫ 2rmax

0
πr2P (r)dr

. (5)

On Earth, dust particle radius varies between 1 to 150 µm.
Therefore, when considering the approximate equality of the
effective diameter of the dust particles and the wavelength of
the THz frequency utilised in this study, we can use the Mie
approximation [30] to infer the total extinction cross-section
(cext) [19], which is the sum of the absorption cross-section
and scattering cross-section. The cext is expressed by the Mie
solution for spherical particles with dielectric constant ε [23]
as,

cext =
k3rλ2

2
(c1 + c2(kr)2 + c3(kr)3) (6)

where,

c1 =
6ε′′

(ε′ + 2)2 + (ε′′)2
(7a)

c2= ε′′
{6

5

7(ε′)2 + 7(ε′′)2 + 4ε′ − 20

[(ε′ + 2)2 + (ε′′)2]2

}
+

1

15
+

5

3[(2ε′ + 3)2 + 4(ε′′)2]2
(7b)

c3=
4

3

{ (ε′ − 1)2(ε′ + 2) + [2(ε′ − 1)(ε′ + 2)− 9] + (ε′′)4

[(ε′ + 2)2 + (ε′′)2]2

}
. (7c)

The complex refractive index of dry dust particles on Earth can
be expressed as

√
3 + ı. 18.256f [21], where f is the frequency

and ı is the imaginary unit
√
−1.

On the other hand, the total extinction cross-section of the
dust particles on Mars can be evaluated utilising the Rayleigh
approximations [25] because the effective diameter of the dust
particles on Mars (1-8 µm) is less than one-tenth of the
wavelength of the frequency [31] used in this study. Therefore,
the total extinction cross-section can be expressed as,

cext =
8

3
πk4r6

∣∣∣εr − 1

εr + 2

∣∣∣2 + 12πkε
′′

r r
3 1

|εr + 2|2
+
π

6

k4r6σ2

E2
0ε

2
0

|εr − 1|2 (8)

where εr is the relative permittivity [25]. Moreover, we can
take the complex refractive index of dust particles on Mars
as 1.52 + 0.01i [16], [26] corresponding to the radius range
(0.5-4 µm) used in this study.

The scattering angle, θi,l, due to the ith MCP packet impact
with scatter l is represented as,

θi,l =

{
cos−1

{ 1

2g

(
(1 + g2)−

( 1− g2

1− g + 2gνi,l

)2)}
for g 6= 0

cos−1(2νi,l − 1) for g = 0
(9)

where φi,l is the azimuth angle due to the same impact and

φi,l = 2πχi,l (10)

and g =< cos(θ) >∈ [0, 1] is the asymmetry factor (here,
g = 0 refers to the isotropic scattering and 1 refers to forward
direct scattering). We assume g varies uniformly between 0.5
and 1 for our simulations which is the average value for the
direct forward scattering.

After calculating the random variables εi,l, νi,l, and χi,l, we
can determine the (random) position of the scattering particle
Si,j (Xi,l, Yi,l, Zi,l) in the global coordinate system utilising
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the equations (1), (2) and (3) as below. The position of the
scattering particles can be expressed as,

Xi,l = Xi,l−1 + ∆Si,l µ
x
i,l−1

Yi,l = Yi,l−1 + ∆Si,l µ
y
i,l−1

Zi,l = Zi,l−1 + ∆Si,l µ
z
i,l−1

(11)

Successful transmittance occurs only for MCP packets that
reached the receiver interface at a distance of D from the
transmitter. If Xi,l >= D, this means that Si,l−1 is the last
scattering particle encountered by the MCP packet i before
it leaves the region boundary (X = D) from the receiving
interface. Therefore, we can stop the simulation process and
go to the next MCP packet (i+ 1) after calculating its current
energy weight (Wi,l). The energy weight follows the Beer-
Lambert law, which determines how Wi,l−1 is related to the
Wi,l [18], [32]. Thus, the energy weight of an MCP packet
after collision with a scattering particle can be expressed as,

Wi,l = Wi,l−1 exp
{−Cext(Xi,l −Xi,l−1)

µxi,l−1

}
. (12)

If Xi,l < D, this means MCP packet i is unable to reach the
receiver interface after impacting with l scatters. From this
point, we focus our interest more on the energy weight of the
MCP packet i and calculate the energy weight of the MCP
packet Wi,l using eq. (12). In this instance, we assume that
the initial energy weight of the MCP packet is a unit (i.e.,
Wi,0 = 1), where we define a threshold (εt) value of 1×10−5

to consider as the minimum energy weight that an MCP packet
can take after l impacts with the scatters. If the energy weight
of an MCP packet does not exceed this minimum threshold
(i.e., Wi,l < εt), the packet is assumed not to reach the receiver
and is recorded as such. Therefore, we can set j = l and
Wi,l = 0.

Based on the calculation of energy weights of the MCP
packets that reached the receiver interface, we can calculate
the transmittance of the THz EM wave by,

TMS =

∑M
i=1Wi,l exp

{−Cext(D −Xi,l)

µxi,l

}
I0

.
(13)

From our calculations, we noticed that eq. (13) does not
converge to a finite value for every simulation. Therefore, we
assume the transmittance to be zero when it is divergent and
set the simulation to the next Monte-Carlo process. Based on
the transmittance measurements at the end of this procedure,
we can calculate the specific attenuation AMS in (dB/m)
according to [18], as,

AMS =
−4.343 ln(TMS)

D
. (14)

V. THZ CHANNEL CAPACITY

To evaluate the channel capacity in the THz band, we can
decompose the received signal as a sum of the sub-bands,
where each sub-band channel is narrow and has a flat-band
response [33].

The ith frequency sub-band is defined as ∆fi = fi+1 − fi
with power Pi under the constraint

∑NB

i=1 Pi ≤ Pt, where NB

refers to the total number of sub-bands, and Pt stands for
the total transmit power. In the ith narrow-band, the sub-band
capacity, Ci, is expressed in [33] as,

Ci = ∆fi log
(

1 +
|hLoS |2Pi
∆fiSD(fi)

)
, (15)

where SD is the power spectral density of the additive white
Gaussian noise (AWGN) and hLoS is the frequency-dependent
channel response for attenuation due to dust particles including
spreading loss and molecular absorption loss due to gas
molecules on the LoS signal propagation path. According to
[33], hLoS can be expressed as,

hLoS(τ) = αLosδ(τ − τLoS). (16)

where αLos refers to the attenuation and τLoS refers to the
propagation delay due to dust particles and gas molecules

on the signal propagation path and τLoS =
dLoS
c

. Where
dLoS is the signal travelling distance through dust, which
is D in this study, because we calculate the transmittance
using the MCP packets that reached the fixed receiver in-
terface. Also, the power spectral density of AWGN can be
expressed as SD(τ) = n0

2 δ(τ) and, in the frequency domain,
PSD(SD(f))= n0

2 . Utilizing the Wiener-Khinchin theorem,
the frequency-dependent channel response for LoS attenuation
can be expressed as [33],

hLoS(τ) = |HLoS(f)|δ(τ − τLoS). (17)

The free space direct ray or LoS channel transfer function,
HLoS , consists of the spreading loss function (HSpr), the
molecular absorption loss function (HAbs), and scattering loss
function due to dust particles (HDust), which can be expressed
as,

HLoS(f) = HSpr.HAbs.HDuste
−j2πfτLoS . (18)

The free space path loss or the spreading loss (PLSpr)
measures the fraction of power lost by a beam with frequency
f over a distance D in a vacuum, and it can be expressed
according to [34] as,

PLspr =
(4πDf

c

)2
, (19)

where c is the speed of light in the medium. Thus, according
to [33] the corresponding channel transfer function for the
spreading loss can be expressed as,

Hspr = (PLspr)
−1/2 =

( c

4πDf

)
. (20)

The molecular absorption loss measures the fraction of power
converted to kinetic energy due to molecular vibration when
EM waves propagate through molecules in the atmosphere.
Thus, when transmitting frequency f through a homogeneous
medium between a transmitter and receiver at a distance D,
the molecular absorption loss is obtained with the help of the
Beer-Lambert law [34], which is represented as,

PLabs = ek(f)D, (21)

where k(f) =
∑
i,g k

i
g(f) and kig(f) is the monochromatic

absorption coefficient of the ith isotopologue of gth gas at
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frequency f . When calculating the absorption coefficient, we
consider water vapour and nine other gases for Earth and six
gases for Mars (see Table I), except for Argon. This allows
us to consider the vastly different gas concentrations between
the two planets. The monochromatic absorption coefficient for
each isotopologue of a particular gas in the Martian and Earth
atmosphere at frequency f is provided in [35],

kig(f) = Sig(T )F i(f), (22)

where Sig(T ) is the line intensity at temperature T (210K for
Mars) referenced to the temperature 296K of the ith isotopo-
logue of gth gas, which can be easily calculated using the high-
resolution transmission (HITRAN) molecular spectroscopic
data. Where, F i is the spectral line shape function at frequency
f . In the lower atmosphere on Earth, pressure broadening of
spectral lines dominates the line shape and a Lorentz profile
can be assumed as the line shape function and it is given by
[35],

F iL(f) =
1

π

γ(p, T )

γ(p, T )2 + [f − (f ig + δ(Pref )P )]2
(23)

where f ig is the resonant frequency for the isotopologue i of
gas g, γ(P, T ) is the Lorentzian (pressure-broadened) HWHM
for a gas at pressure P (atm), temperature T (K), and δ(Pref )
is the pressure shift at reference pressure (Pref= 1 atm).

Since Doppler-broadening dominates the line shape in low-
pressure environments such as Martian environment, a Gaus-
sian profile can be assumed as the line shape function, and it
is given by,

F iG(f) =

√
ln 2

παiD
2 exp

(
−

(f − f ig)2 ln 2

αiD
2

)
, (24)

where αiD is the Doppler broadening half-width,

αiD =
f ig
c

√
2NAkBT ln 2

M i
, (25)

where M i is the molar mass of isotopologues which can be
obtained from the HITRAN database [35], and NA and kB
are the Avogadro and Boltzmann constants.

Thus, according to [33] the corresponding channel transfer
function for the molecular absorption loss due to the gas
molecules on the atmosphere can be express as,

Habs = (PLAbs)
−1/2 = e−

1
2k(f)D, (26)

Finally, HDust is the transfer function for the attenuation
due to dust particles that can be expressed as following the
relationship between the transfer functions and the attenuation
functions for spreading loss and molecular absorption loss,
respectively, as well as utilising the dust attenuation function
in eq. (14) in dB, which is represented as,

Hdust =
1√

10−0.4343 ln (TMS)
. (27)

Therefore, substituting the functions derived for HSpr, HAbs,
and HDust, to eq. (18), we can calculate the channel transfer
function. Moreover, in this study, we consider one narrow
frequency band for each environment, which is 0.22 - 0.24

(a) Earth: Transmittance. (b) Earth: Attenuation (dB/m).

(c) Martian: Transmittance. (d) Martian: Attenuation (dB/m).

Fig. 3: Simulation measurements of a) the transmittance and
b) the attenuation for a THz beam of 0.24 THz and 1.64 THz
frequency for Earth and Mars by varying MCP packets from
10 to 10000 while fixing dust particle number (100/10000)
on the propagation path, visibility and the distance (10 m)
between transmitter and the receiver.

THz for Earth and 1.64 - 1.67 THz for Mars. Therefore, we
can suppose that Pi = Pt and the eq. (15) can be rewritten as,

C = ∆f log
(

1 +
|hLoS |2Pt
∆fSD(f)

)
. (28)

VI. RESULTS AND DISCUSSION

A. Transmittance and Attenuation measurements through
Monte-Carlo Simulations

This subsection presents the simulation results for the
transmittance and attenuation measurements of the THz link
and the generated estimation models for the THz attenuation
due to dust particles on the beam propagation path by varying
parameters such as the MCP packets, visibility, dust particle
number, the distance between transmitter and the receiver, and
EM frequency. When simulating data for a targeted parameter,
we have kept the other parameters constant to make the
interpretation easy (see Table II). Thus, we have chosen a
frequency of 1.64 THz as the constant frequency for Mars [26],
and 0.24 THz frequency for Earth [36], [37] corresponding
to low molecular absorption and high transmission distance.
However, it is crucial to consider molecular absorption on
Mars, even though it has a thin atmosphere with very low water
vapour concentration. Moreover, we have considered 100 dust
particles on the beam propagation path for a 10 m fixed
distance between the transmitter and receiver, as explained in
section III for simulations on Earth. It is unrealistic to consider
the same amount of dust particles for the Mars simulations be-
cause of the tiny particle sizes on Mars. Therefore, considering
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the blockage that this dust particle creates and the proportional
relationship between blockage area and dust particle radius, we
consider 10000 dust particles for Mars corresponding to 100
dust particles on Earth. When selecting the number of MCP
packets, we considered 10000 packets in this study.

TABLE II: Channel conditions and simulation settings on
Earth and Mars.

Parameter Earth Mars
Frequency 0.24 THz 1.64 THz
MCP packets 104 104

Dust Density 102 per 10m 104 for 10 m
Dust radius 1–150 microns 0.5–4 microns
Dust size distribution log-Normal log-Normal
Antenna height 50 m 50 m
Approximation Mie Rayleigh
Distance 1 - 200 m 1 - 200 m
Temperature 288 K 210 K
Surface Pressure 1013 mb 6.1 mb
Surface density 1.29 Kg/m3 0.02 Kg/m3

Figure 3 illustrate the simulated data for the transmittance
and attenuation measurements using the simulation setup ex-
plained in section IV for Earth and Mars environments by
varying the number of MCP packets from 10 to 10000, while
keeping the other parameters constant. As we can see from
the figures, the transmittance measurements for both Earth
and Mars environments (see Fig. 3 (a) and (c)) are increasing
rapidly when the MCP packets increase at the beginning
up to 100. After that, it converges to a particular value
corresponding to each environment. Furthermore, attenuation
measurements decrease following a power function for both
Earth and Mars environments (see Fig. 3 (b) and (d)) and
converge approximately to a value of 3.6 dB/m and 2.8
dB/m, respectively. In addition, the fitted power function
for attenuation against the MCP packets (NMCP ) can be
expressed as Attenuation (dB/m) = 2145N−2.721MCP + 2.839
for Earth and Attenuation (dB/m) = 410N−0.8485MCP + 3.727
for Mars.

Next, we investigated the effect of visibility on the trans-
mittance and attenuation measurement for Earth and Mars
environments by varying the parameter values from 10 to
10000 (see Fig. 4). Generally, when the visibility increases
between the transmitter and the receiver, we will see fewer
dust particles on the beam propagation path with a high
distance variance between the particles. Therefore, we can
expect high transmittance and low attenuation measurements
when the visibility increases. According to Fig. 4 (a), the
transmittance measurements of the Earth’s environment are
increasing dramatically, with the visibility and attenuation
measurements (see Fig. 4 (b)) decreasing following a power
function as expected. Moreover, the attenuation measurements
approximately converge to 2.1 dB/m value with an increase
of visibility near 10000 m, which we can consider as clear sky
condition. The fitted power function for the attenuation against
the visibility (V ) can be expressed as Attenuation (dB/m) =
63.41V −0.9694+2.105 for the Earth environment. On the other
hand, the transmittance measurements for the Mars environ-
ment (see Fig. 4 (c)) show an increasing trend with visibility.
However, transmittance measurements for some visibility pa-
rameter values diverge from the trend because, according to

our simulation process, each MCP packet will randomly select
the scatters. Therefore, even if we have low dust density on
the beam propagation path with high visibility, the transmit-
tance can be low due to high collision with dust particles.
Corresponding to the transmittance measurements, we can see
a slight linear decrease in attenuation on Mars (see Fig. 4
(d)) with increased visibility. The fitted linear function can be
expressed as Attenuation (dB/m) = −4.184×10−5V +4.256.

(a) Earth: Transmittance. (b) Earth: Attenuation (dB/m).

(c) Martian: Transmittance. (d) Martian: Attenuation (dB/m).

Fig. 4: Simulation measurements of a) the transmittance and
b) the attenuation for a THz beam of 0.24 THz and 1.64
THz frequency for Earth and Mars, respectively, by varying
the visibility from 10 to 10000 m while fixing MCP packets
(10000) and the distance (10 m) between transmitter and the
receiver.

The dust particle density can vary unpredictably with the
wind in a dust storm on Earth and Mars. There can be
time windows with very low and high dust particles on the
beam propagation path, which will be perfect for transmission.
To investigate the effect of dust particle count, we have
measured the transmittance and attenuation for Earth and
Mars environments by varying dust particle numbers from
10 (very low) to 10000 (very high). As shown in Fig. 5 (a)
and (c), the transmittance measurement drops dramatically
to near zero with the increase of dust particles for both
environments. This rapid transmittance drop happens due to
the high amount of scatters on the THz beam propagation path
that each MCP packet should randomly collide. Moreover, the
attenuation measurements (see Fig. 5 (b) and (d)) increased
rapidly following a power function for both environments. The
fitted power function for attenuation against the dust particle
number (DPN ) can be expressed as Attenuation (dB/m) =
0.4423D0.2579

PN + 1.213 for Earth and Attenuation (dB/m) =
7.534D0.04617

PN − 7.262 for Mars. Furthermore, as we can no-
tice, attenuation measurements do not converge to a particular
value as in previous cases when increasing the number of
dust particles on the beam propagation path. Therefore, we
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can expect a communication blackout in a regional/global dust
storm situation which will boost the dust particle density in
the communication area.

(a) Earth: Transmittance. (b) Earth: Attenuation (dB/m).

(c) Martian: Transmittance. (d) Martian: Attenuation (dB/m).

Fig. 5: Simulation measurements of a) the transmittance and
b) the attenuation for a THz beam of 0.24 THz and 1.64 THz
frequency for Earth and Mars, respectively, by varying the
dust particle number on the beam propagation path from 10
to 10000 while fixing the number of MCP packets (10000)
and the distance (10 m) between transmitter and the receiver.

As mentioned above, dust density on the beam propaga-
tion path can vary significantly on Earth and Mars due to
the unpredictable wind, temperature and pressure behaviour.
Therefore, to conduct more realistic simulations, we have
investigated the effect of distance between the transmitter and
the receiver when we have various dust densities that vary with
the distance. Dust density usually measures the number of dust
particles per unit volume. However, in this study, we define it
as the number of dust particles per meter for simplicity because
the THz beam is assumed to be cone shape, and its face area is
very tiny. This means that if we consider 10 dust particles per
meter (10/m) for 100 m, we assume that 1000 dust particles
are uniformly distributed on the beam propagation path. As
we can see in Fig. 6 (a), the transmittance measurements on
Earth drop dramatically with the distance, and when increasing
the dust density, the transmittance measurements reaches near
zero rapidly beyond 100 m. However, on Mars (see Fig. 6 (c)),
the transmittance measurements decreases slightly compared
to Earth. Moreover, we can clearly see that the transmittance
measurements for 25/m dust density are significantly lower
than the dust density at 10/m, as expected. However, we can
not see much difference between the transmittance measure-
ments for 50/m and 100/m dust densities up to 150 m. On the
other hand, attenuation measurements (see Fig. 6 (b) and (d))
advance with the increase of distance and dust density for both
environments corresponding to transmittance measurements.

Furthermore, we investigated the impact of frequency on

(a) Earth: Transmittance. (b) Earth: Attenuation (dB).

(c) Martian: Transmittance. (d) Martian: Attenuation (dB).

Fig. 6: Simulation measurements of a) the transmittance and
b) the attenuation for a THz beam of 0.24 THz and 1.64 THz
frequency for Earth and Mars, respectively, by varying the
distance between transmitter and the receiver from 1 to 200
m for different particle number densities of 10/m, 25/m, 50/m
and 100/m on the beam propagation path while fixing MCP
packets (10000).

(a) Earth: Transmittance. (b) Earth: Attenuation (dB/m).

(c) Martian: Transmittance. (d) Martian: Attenuation (dB/m).

Fig. 7: Simulation for a THz beam by varying the frequency
from 0.1 to 10 THz while fixing dust particle number (100)
on the beam propagation path, MCP packets (10000), and the
distance (10 m) between the transmitter and the receiver.

the transmittance and attenuation measurements on Earth
and Mars. As illustrated in Fig. 7 (a), the transmittance
measurements for Earth’s environment decrease following an
exponential function with the frequency increase from 0.1 to
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(a) Particle number count. (b) Transmittance. (c) Attenuation (dB/m).

Fig. 8: Comparison of simulations for time-dependent turbulence (turmoil after 5 seconds) corresponding to the measurements
of a) particle number count, b) the transmittance, and c) the attenuation (dB/m) considering Earth and Mars environments.

4 THz. We were unable to calculate transmittance measure-
ments following our simulation process beyond the 4 THz
frequency limit since we are considering the dust particles
with a radius of 1 to 150 microns for Earth environment,
wavelengths can be comparably low or approximately equal
to the dust particles’ size after some frequencies threshold,
creating more difficulties for data transmission. The corre-
sponding attenuation for the transmittance measurements on
Earth increases following a power function that can be fitted
as Attenuation (dB/m) = 2.277D2.054

PN . On the other hand,
the transmittance and attenuation measurements for the Mars
environment do not show a particular increase or decrease
trend. However, we noticed that the attenuation measurements
vary around 4.2 dB/m with the frequency increase from 0.1
to 10 THz.

Finally, we investigated the effect of time-dependent tur-
bulence on the transmittance and the attenuation of the THz
signal on Earth and Mars, which corresponds to the 0.24
THz and 1.64 THz frequencies, respectively and the distance
between the transmitter and the receiver for 10 m. Here, we
compare Earth and Mars simulation scenarios in which we
assume that the dust particle number on the beam propagation
path will suddenly increase due to the unpredictable behaviour
of wind after 5 s. In the first 5 s, we assume that the dust
particle number on the beam will vary between 10-20 in
the Earth environment and 100-200 in the Mars environment
in clear sky conditions. After five seconds, the dust particle
number on the beam will increase between 100-200 on Earth
and 10000-20000 on Mars due to the sudden wind turbulence
in the communication area. As demonstrated in Fig. 8 (a), dust
particle number on the beam propagation path is low in the
first 5 s compared to the next 5 s for both environments. Also,
the dust particle number is higher for the Martian environment
than the Earth environment in the considered time interval.
When scrutinising the transmittance measurements (see Fig.
8 (b)), we can notice that transmittance drops suddenly after
5 s for both environments. However, average transmittance
measurement values are approximately similar within the
first 5 s. Also, the transmittance measurements on Mars
after the turbulence are significantly low compared to Earth.
Corresponding to the transmittance measurements, attenuation

measurements (see Fig. 8 (c)) increases dramatically after 5
s and are high on Mars, concluding that the turbulence effect
on Mars should be investigated thoroughly.

Fig. 9: Measurements of Transmittance and Attenuation of
0.24 THz and 1.64 THz links for Earth and Mars due to the
sudden movement of dust particles on the beam propagation
path for a fixed transmitter and receiver distance of 1 m.

B. Channel Capacity simulation for Earth and Mars Under
Dust storm

This subsection investigates the channel capacity measure-
ment of the THz links considering two scenarios. In the
first scenario, we assume that there are time windows when
the number of dust particles on the THz beam propagation
path drops, creating opportunities to communicate with high
data rates for both Earth (0.24 THz) and Mars (1.64 THz)
environments. Here we analyse the channel capacity for Earth
and Mars environments considering spreading loss and Molec-
ular absorption loss with the THz attenuation due to dust
on the beam propagation path. Also, we investigate channel
capacity variations in this scenario for different transmitter
powers. In the second scenario, we investigate the channel
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Fig. 10: Channel capacity variation comparison for the sce-
nario of a sudden drop in the number of dust particles on
the beam due to the wind behaviour on Earth and Mars
environments with considering spreading loss and molecular
absorption loss.

capacity variation with the distance in clear sky and dust storm
conditions.

In our first model, we assume that the dust density varies
randomly for the Earth environment from 100 and 200 and
Mars environment from 10000 to 20000 particles correspond-
ing to a 1 m distance between the transmitter and the receiver.
Here we know that considering a 1 m distance for simulation
is unrealistic. However, in this scenario, we need to infer
the effect of the sudden dust particle drop for the channel
capacity measurements. Therefore, it is adequate to consider
a 1 m distance for the experiment. As we mentioned above,
the significant variation of dust particles on Earth and Mars
is in its effective radius. On Earth, the average effective
radius of a dust particle varies between 1 and 150 microns
[18], and on Mars, it varies between 0.5 to 4 microns [20].
Therefore, to measure transmittance/attenuation considering
approximately similar beam-blocking areas by dust particles
on both Earth and Mars, we should consider 100 times more
dust on Mars than on Earth, following the relationship between
dust effective radius and area. Moreover, we sampled the dust
particle number for each environment every second for 20
s. In addition, we assume there are two-time intervals (t=[7
s,9 s], t=[15 s,17 s]) when the dust particle number drops
to less than 30 and 300 particles (see Fig. 9) due to the
unpredictable behaviour of wind. Such time intervals might
represent occasions when the wind that causes dust particles
to be suspended in the atmosphere falls away to near zero.

Furthermore, as we can see from Fig. 9, the relative dust
particle density decrease at the interval centred on t=16 s is
much higher than at the interval centred on t=8 s for both
environments. We noticed that corresponding to the low dust
density, the transmittance measurement is higher at the interval
15-17 s than at the 7-9 s interval, and the attenuation shows
the opposite variation to transmittance. In principle, those time

intervals represent attractive time windows for communication
in both environments because of lower attenuation due to the
momentary absence of dust particles in the channel.

(a) On Earth (b) On Mars

Fig. 11: Channel capacity measurement variation for the
scenario of a sudden drop in the number of dust particles on
the beam due to the wind behaviour for different Transmitted
powers (1, 5, 10 dBm) of antenna with considering spreading
and molecular absorption (a) on Earth and (b) on Mars.

Figure 10 illustrates the channel capacity variation in the
clear sky and dust storm conditions on Earth and Mars for the
same dusty scenario. When scrutinising Fig. 10, we noticed
that in clear sky conditions, channel capacity on Mars is
approximately 1.39 ×1012 bits/s, and on Earth, its nearly
0.85 ×1012 bits/s. This shows more than 550 GB/s differ-
ence between the channel capacity measurement in clear sky
conditions on Mars and Earth due to much higher molecular
absorption on Earth. Also, it is noticeable that dust appears
to have a more significant relative effect on channel capacity
on Mars than on Earth in a dust storm situation due to the
high number of tiny dust particles on the beam propagation
path. Moreover, channel capacity measurements in dust storm
situation on Earth is lower than in clear sky condition, but
the difference is minimal. However, the difference on Mars
is relatively enormous, and it is approximately two orders of
magnitude less than clear sky conditions. On the other hand,
channel capacity measurements in dust storm condition on
Mars is higher by approximately five orders of magnitude than
in dust storm condition on Earth. In addition, the free space
path loss is constant in this scenario because it only depends on
the carrier frequency and the distance between the transmitter
and the receiver, which are both constant in this simulation
process.

In Fig. 11, we investigated the channel capacity measure-
ment variations for different transmitter power in discrete
time windows considering the free space path loss and the
molecular absorption loss effect on the channel. This figure
shows that the channel capacity increases as antenna trans-
mitter power increases for both Earth and Mars environments
by approximately 5 to 20 GB/s. Also, we noticed that we
could have reliable communication links with high channel
capacities when communicating in the time windows with
low dust densities on Mars. Moreover, the channel capacity
measurements show a significant variation on Earth compared
to Mars for all transmitted powers. Therefore, these measure-
ments imply that we can reach high channel capacities on Mars
than on Earth using lower transmitter power antennas.
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Fig. 12: Channel capacity measurements by varying the dis-
tance between the transmitter and the receiver with and without
dust storms situations on Mars and Earth.

In our second and final simulation scenario, we inves-
tigated the channel capacity for various distances between
the transmitter and the receiver for both Earth and Mars
environments, comparing clear sky and dust storm conditions
with different dust densities per meter (See Fig. 12). The
transmitter power was taken as 10 dBm in this simulation.
Here, we allowed the dust particle count density to vary as
a factor of distance to simulate more realistic dust storm
conditions. For the Earth’s environment, we have considered
dust storms that result in 10-20 (very low) and 100-200 (very
high) dust particles per meter dust densities on the THz beam
propagation path. Similar conditions for the mars environment
were considered by comparing the dust particle sizes with
Earth. Thus, we assumed that dust storms on Mars would
carry 100-200 and 1000-2000 dust particles per meter to the
beam propagation path. However, we should have considered
10000-20000 dust particles per meter on Mars. Nevertheless,
due to computational difficulties with high dust densities
with increasing the distance between the transmitter and the
receiver, we are considering above mentioned numbers for
channel capacity measurements. Moreover, we have taken
account of spreading loss and molecular absorption loss when
calculating the channel capacities for each distance.

As shown in Fig. 12, the channel capacity decreases grad-
ually for clear sky conditions for both environments showing
high channel capacities in the considering distance range.
However, the decrement is high on Earth due to high molecu-
lar absorption. Moreover, the channel capacity measurements
decrease dramatically on Earth with the distance for 100-
200/m dust storm conditions, showing communication black-
out beyond 70 m distance. Also, at 10-20/m dust storm,
channel capacity measurements decrease slowly, showing that
this dust particle number on the beam propagation path is
not a massive issue for achieving high channel capacities.
However, Earth’s channel capacity is significantly dropping
when compared with the channel capacity decrement on Mars

for the 100-200/m dust particle density. Again, 100-200/m
dust particles on the beam propagation path on Mars do
not significantly affect the channel capacity measurement.
Therefore, we can neglect the THz link budget degradation
due to the small amount of dust on Mars. In addition, when
investigating the high dust particle number density effect on
the channel capacity on Mars (1000-2000/m), the channel
capacity measurements are computationally difficult when the
distance is greater than 60 m. However, we can notice that
the channel capacity measurements for Mars are decreasing
rapidly with the increase in the distance. Also, we can see that
the channel capacities are equal at a distance of approximately
60 m for clear sky conditions on Earth and the high dust
density scenario on Mars.

VII. CONCLUSION

High-speed, reliable communication between devices on
Earth and Mars is needed to fulfil future communication
requirements. In this study, we investigated the impact of at-
mospheric dust and dust storms for communication using THz
links, utilising a modified Monte Carlo simulation algorithm.
The calculated transmittance and attenuation measurements
are based on Mie and Rayleigh approximations depending
on the dust particle sizes and carrier frequency utilised for
communication on the two planets. Moreover, we presented
a channel capacity model and analysed it for two different
time-dependent and distance-dependent scenarios. The Monte-
Carlo simulation results show that attenuation measurements
decrease for both Earth and Mars environments when the
MCP packets and visibility increase. In addition, for both
environments, the attenuation increases with higher dust par-
ticle number on the beam propagation path and distance
between the transmitter and the receiver. We noticed the exact
attenuation behaviour with the increased frequency for the
Earth’s environment. However, the attenuation measurements
vary around a constant value for the Mars environment. When
scrutinising the channel capacity measurements from the time-
dependent scenario, we can conclude that the time windows
showing sudden dust particle density drops create the best
communication opportunities with high data rates. Also, we
noticed that the channel capacity measurements dramatically
drop with the increase in distance between the transmitter and
the receiver in severe dust storm situations on both Earth (100-
200/m) and Mars (1000-2000/m) environments, even if we
use low molecular absorption frequencies and high transmitter
power antennas. However, the impact from the local dust
storm is negligible on Mars (100-200/m) but should be further
investigated on Earth (10-20/m).
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