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ABSTRACT

This paper investigates the effect of coral reef roughness on mitigating marine floods by using numerical analysis. The study includes two ocean bathymetries —
idealised bathymetry with 1% gradient and real bathymetry — for Gold Coast, Australia. The results indicate that characteristics of the marine flood (wave height
and period), coral roughness, and shape of the bathymetry are key to the mitigation of marine floods. Wave height reduction behind the reef and at the shore
increases with the incident wave height of the marine flood. The maximum reduction behind the reef is around 60% for both bathymetries for the incident wave
height of 4 m. When the incident wave period increases from 10 min to 20 min, the wave height reduction increases to 60% but increases from 20 min to 40 min,
decreasing the reduction to as little as 3% behind the reef for the ideal bed condition. However, the marine floods caused by longer period waves can be slowed
by higher coral roughness compared to the floods caused by relatively shorter period waves. The wave force reduction behind the reef increases with the incident
wave height of the marine flood. The wave force reduction is greater than the wave height reduction behind the reef.
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1. Introduction

Coral reef ecosystems thrive in tropical waters of the Pacific, Indian
and Caribbean oceans (Pandolfi er a/, 2003). Coral reefs are
considered a natural barrier system against marine floods caused
by high-energy wave events such as tsunamis and storms (Kunkel
er al, 2006; Beck er a/, 2018). Complex hydrodynamic processes
including wave reflection, refraction and breaking occur near and
over coral reefs. Reef structure morphology, flow depth over the
reef, reef width and coral surface roughness are some of the
important parameters that help to assess wave energy reduction
(Brander, 2004). Other parameters, such as the location of the coral
reef relative to wave source, coral health and coral continuum, also
influence the performance of the coral reef in wave energy
reduction (Cochard er a/, 2008). The effect of coral reefs on wave
energy mitigation reduces where the reefs are located close to the
shoreline or where the wave heights and wave lengths are
considerably large (Kunkel er a/, 2006). Waves propagating over a
coral reef surface undergo a complex transformation, mainly
because of rapid change in water depth, irregularities of reef
geometry, and variability in surface roughness conditions (Brander,
2004), which creates a complex hydrodynamic environment
(Philpott, 2016). Due to changes in ocean bathymetry, waves shoal,
reflect, refract and break while propagating over the reef structure
(Hardy er al, 1990). Reef flats have surface roughness due to the
presence of coral growth and the continual sedimentation process
by biological and wave depositional processes (Flood, 2011). The
surface roughness of coral varies considerably with types of coral
since coral formation and growth are influenced by biological and
morphological processes (Gourlay, 1996). Corals branch out in the
presence of sunlight (Chappell, 1980), and slow-growing globular
coral structures are observed where the light availability is limited.
Conversely, hydrodynamic stresses have adverse effects on the
coral morphology (Chappell, 1980), especially on branching corals
such as staghorn corals, which are dislodged and damaged due to

wave forces (Harmelin-Vivien, 1994). However, the globular corals
can withstand damaging wave forces without being severely
affected (Chappell, 1980). These constant changes in coral
structure influence the overall roughness. In their study, Madin and
Connolly (2006) provided a general framework for understanding
and predicting the effects of hydrodynamic disturbances on coral
reef communities with the coefficient of drag. Undoubtedly, these
findings provide an insight into reef hydrodynamics; however,
there is still a lack of fundamental studies such as numerical
analysis and controlled experimental investigations to demonstrate
the mechanism of wave energy dissipation over coral reefs. Such
studies could also provide a better understanding of the role of
coral reefs in the mitigation of marine floods. This study aimed to
elucidate the effect of the roughness of coral reefs on mitigating
marine floods in numerical modelling. A one-dimensional depth-
integrated numerical model was developed to simulate the long-
period marine flood propagation under the effect of coral reef
roughness. The numerical results were analysed to report the effect
of coral reefs’ roughness on the reduction of wave height and wave
force behind the reef and at the shoreline against the incident wave
characteristics, and the effect of bed slope.

2. Material and Methods

2.1. Governing Equations

A depth-integrated modelling approach was used to simulate marine
flood propagation by long-period waves. The governing laws were
the conservation of mass and momentum (Kowalik, 2012). The
representative forms of those laws are given as:

Continuity equation
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Momentum equation
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where f is the sea surface elevation, rthe time, x the longitudinal
co-ordinate, Qthe discharge along the x-direction per unit width, 4
the sea depth, gthe gravitational acceleration, T the bottom shear
stress along the x-direction, and P the seawater density (Yasuda,
2019). The bottom shear stress can be modelled by Nandasena er
al. (2008):

2
pgn
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where 11 is the bed resistance given in Manning's roughness
coefficient.

For seabed roughness without coral, the value of Manning’s
roughness of 0.025 s/m”?(Goto er al, 1997) was considered in the
model. The coefficient of friction (# for the coral reef zone in the
shallow sea (depth from 30 m to 60 m) ranging between 0.05 m/s and
0.40 m/s and thus the corresponding Manning’s roughness (n)
ranging between 0.1 s/m”’ and 0.25 s/m"” (Cialone et af, 2008)
were considered in the model. The density of seawater was 1029
kg/m? in the model (Nandasena er a/, 2008).

2.2. Coral Bed Profile

Two bed profiles were considered, namely an idealized profile with
a constant bed slope and a profile for Gold Coast, Australia, based
on the Great Barrier Reef depth and elevation model (GBRDM). Fig.
1a displays the idealized ocean bed profile, which consisted of a flat
ocean floor at a depth of 4,000 m and extending from origin to a
horizontal distance of 50 km. The horizontal profile was identified
as a linear zone and was the origin of the wave generation
(generation boundary). Beyond the linear zone, the bed had an
increasing slope with a constant gradient of 1 in 100. Fig. 1b
represents the actual bed profile for Gold Coast, Australia. The
profile was drawn using the actual bathymetry elevation contours,
made available by James Cook University and The Reef and
Rainforest Centre Australia as part of their project 3D GBR (Great
Barrier Reef): high-resolution depth model for the Great Barrier
Reef and the Coral Sea. The bed consisted of a near-horizontal
abyssal plain at 4,900 m depth for a distance of about 50 km,
beyond which the bathymetry increased from deep ocean to about
200 m depth within a 100 km horizontal distance and at an average
gradient of 1 in 20 (5%). Beyond 100 m depth, the bathymetry
increased gently, with the slope between 50 m depth and the
shoreline being less than 0.5%. The coral zone was defined
between depths of 50 m and 25 m to have similar coral width, as in
case of the Fig. 1a. Alagoon area, behind the reef, is depicted in Fig.
1b; however, due to the gentle slope of the Gold Coast profile, the
extent of the lagoon water was almost three times wider than that
in the idealized case (Fig. 1a).

2.3. Model Set-up

Afinite difference scheme with a staggering space grid and leap-frog
time method was used to solve the governing equations. The
discretization sizes were Ax =10 m and time step Ar=0.04 s and
allowed for non-dispersive wave propagation (Kowalik, 2012). The
water depth at the wave generation boundary was at least 4000 m,
depicting the marine flood origination in the deep sea. Flood waves
were modelled by long-period waves with 7, =10 min (relatively
short), 20 min (moderate) and 40 min (relatively long). The wave

height at the generation boundary was set to #,=0.5.

Figure 1: Bed profiles for simulation: (a) cross-section of the idealized bed at 1% gradient, (b) cross-
section of Gold Coast from GBRDEM. Insets show the location of the coral reef in the bed. The wave
generation boundary was at 0 m. 1.0 m, 2.0 m, and 4.0 m. For each bed profile and flood
characteristics, three different cases were analysed.
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Case 1: seabed without corals — a constant bed roughness of
Manning's (7) = 0.025 s/m”” (Levin and Nosov, 2019).

Case 2: seabed with corals of low resistance — a bed roughness of
Manning's (n) = 0.025 s/m”” for the seabed, and corals with
Manning's roughness (n) of 0.1s/m"” (Cialone ez af, 2008).

Case 3: seabed with corals of high resistance — a bed roughness of
Manning's (n) = 0.025 s/m” for the seabed, and corals with
Manning's roughness (n) of 0.25 s/m " (Cialone ez a/, 2008).

The model predicted the temporal and spatial variation in sea
surface elevation (i.e. wave height) and water particle velocity (flow
velocity) in the computational domain (Fig. 1). The percentage
reduction of wave height and wave force (hydrodynamic force)
behind the coral reef and at the shoreline was estimated relative to
the no coral case. The following key assumptions were made for the
model. The waves were purely sinusoidal and long-period at the
wave generation boundary. The flow above the corals and the flow
through the corals were not considered separately (i.e. the two-
layer flow was not considered). The energy dissipation of waves
was only caused by the roughness of the corals and seabed. The
length of the coral reef was infinitely long parallel to the shoreline.
The coral reef was considered parallel to the shoreline and
perpendicular to wave propagation. Corals were of uniform
roughness, and this was modelled by Manning’s roughness
coefficient.

3. Results

The effect of coral roughness on mitigating marine floods was
assessed by calculating the percentage reduction in wave height at
the end of the coral zone (i.e. at 25 m sea depth behind the reef) and
at the shoreline compared with the no coral condition. Wave energy
is proportional to the square of the wave height (Sorensen, 2006);
therefore, the assessment of the wave height at the end of the coral
zone determines the effect of coral roughness on flood energy
reduction. Fig. 2 displays the temporal variation in the sea surface
behind the reef for the wave characteristics and coral roughness on
the idealized bed profile.

Figure 2: Temporal variation in sea surface elevation behind the reef on the idealized bed profile
(Fig. 1a). (a) H,=0.5 m and 7,=10 min, (b) H;=4 m and 7,=10 min, and (c) #,=4 m and 7,=40 min.
The red line shows the case without coral, and the blue and black lines show the cases of Manning'’s
roughness of 0.1 and 0.25, respectively.
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When the roughness of the reef increased, the fluctuation of the sea
surface decreased. But it was not significant for marine floods with a
small wave height and a relatively shorter wave period (Fig. 2a). The
roughness effect of the sea bed and coral increased when the sea depth
decreased (Eq. 3). Therefore, theoretically, the effect of coral roughness
on wave trough is significant. In this study, this effect was evident for
larger waves despite their wave period (Fig. 2b—c). For small waves, it
was not significant, as the temporal change in the sea depth caused by
the fluctuation of the sea surface was minimal (Fig. 2a). Wave
deformation was increased when wave height increased. With the
travel distance, the sinusoidal shape of the waves changed for the high
waves with a relatively shorter wave period (Fig. 2b). When the high
waves with a relatively longer wave period moved over the coral reef
with higher roughness, they were subjected to phase lag (Fig. 2c). This
indicated that marine floods with a longer period can be slowed by
higher coral roughness. Fig. 3 shows the temporal variation in the sea
surface behind the reef for the wave characteristics and coral roughness
on the Gold Coast bed profile.

Figure 3: Temporal variation in sea surface elevation behind the reef on the Gold Coast bed profile
(Fig. 1b). (a) H,=0.5 m and 7,=10 min at the generation boundary, and (b) #,=4 m and 7,=40 min.
The red line shows the case without coral, and the blue and black lines show the cases of Manning’s
roughness of 0.1 and 0.25, respectively.
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The bed profile has a convex shape compared to the idealized bed (Fig.
1a). The effect of the sea bed was significant; therefore, a flatter wave
crest and steeper wave trough were observed for the high waves witha
relatively longer wave period (Fig. 3b). The reef has a relatively shallow
sea depth compared to that of the idealized bed (Fig. 1a); this resulted
in a significant reduction in wave height behind the reef (Fig. 3). These
observations confirmed that wave characteristics of the marine flood,
coral roughness, and shape of the sea bed are key to controlling the
mitigation of marine floods. The effect of coral roughness on mitigating
the marine flood on the idealized bed is displayed in Fig. 4 and Fig. 5.

Figure 4: Marine flood mitigation potential of the coral reef on the idealized bed profile (Fig. 1a)

with wave height. (a, b, and c) wave height reduction behind the reef and (d, e, and f) wave height
reduction at the shoreline compared to the case without reef. The thick and dotted lines show the
results for Manning's roughness of 0.25 and 0.1, respectively. H,and T,are the wave height and
wave period at the generation boundary, respectively.
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Figure 5: Marine flood mitigation potential of the coral reef on the idealized bed profile (Fig. 1a)
with wave period. (a, b, and c) wave height reduction behind the reef and (d, e, and f) wave height
reduction at the shore compared to the case without reef. Thick and dotted lines show the results

for Manning's roughness of 0.25 and 0.1, respectively. H,and T,are the wave height and wave
period at the generation boundary, respectively.
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Regardless of the wave period, the coral reef reduced the wave height
behind the reef and at the shoreline with the magnitude of the marine
flood (Fig. 4). When the roughness was increased twofold, the
reduction in wave height was increased from 2.2 times to as high as five
times behind the reef for the cases studied. The reduction in the wave
height at the shoreline was smaller compared to that behind the reef
since the bed roughness from the reef end to the shoreline was not
higher than that from the reef. The relationship between the wave
period and the effect of coral roughness on mitigating the marine flood
was complex (Fig. 5). When the wave period increased from 10 min to
20 min, the reduction in wave height increased, whereas during the
wave period from 20 min to 40 min, the reduction in wave height
decreased (Fig. 5). Despite the wave height, the marine flood with a
wave period of 20 min was largely mitigated by the coral reef on the
idealized bed (Fig. 1a). Table 1 shows the effect of coral roughness on
mitigating the marine flood on the Gold Coast bed. The percentage
reduction in wave height was similar to the case of the idealized bed
(Fig. 4).
Table 1: Marine flood mitigation potential of the coral reef on the Gold Coast bed profile (Fig. 1b).
Wave height reduction behind the reef and at the shoreline compared to the case without reef. H,
and 7,are the wave height and wave period at the generation boundary, respectively.

Wave height reduction %
The roughness of corals (Manning's roughness coefficient=0.T)

Hp(m) Behind the coral zone At the shore
7,=10 min 7,=20 min 7,=40min 7,=10 min 7,=20min 7,=40 min
0.5 4 4 7 2 3 ikl
10 8 6 12 4 5 16
2.0 16 13 20 7 7 21
40 28 26 33 10 10 22

he roughness of corals (Manning's roughness coefficient =0.25
Behind the coral zon: Atthe shore

®

Hy () 7,=10 min 7,=20 min 7,=40 min 7,=10 min 7,=20 min 7,=40 min
05 16 18 26 4 11 32
1.0 33 26 36 20 16 36
2.0 51 37 49 28 24 40
40 65 57 64 36 35 43
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When the wave height increased, the percentage reduction in wave
height behind the reef and at the shoreline increased. The reduction
in wave height was greater behind the reef than at the shoreline.
When the wave period increased from 10 min to 20 min, the
reduction in wave height decreased, whereas when the wave period
increased from 20 to 40 min, the reduction in wave heightincreased.
This is contrary to the case of the idealized bed. The maximum
efficiency of corals on the idealized bed in mitigating the marine
floods was with a wave period of 20 min (Fig. 5), but the efficiency
was minimum for the same coral on the Gold Coast bed. This
indicates that the relationship between the wave period and the bed
slope is not simple like the wave height and bed slope when assessing
the mitigation potential of coral reefs. Wave energy reduction is
mainly determined by the effect of coral roughness and waves
shoalingin this study. The roughness effect from corals is determined
by water particle velocity (Eq. 3), which is a function of wave height
and wave period. When the wave period increases, water particle
velocity first increases and then decreases for the ideal bathymetry.
However, this phenomenon is challenged by the shoaling effect of the
Gold Coast bed due to its complexity. Therefore, we need
experimental and field data to confirm the results. Table 2 shows the
reduction in the force of the marine floods by the coral reef.

Table 2: Mitigation potential of the coral reef on the idealized and Gold Coast bed profiles (Fig. 1).
Hjand T,are the wave height and wave period at the generation boundary, respectively. Note that
the force is calculated as the multiplication of the density of seawater, flow depth (=still sea depth +
water surface elevation), and the square of water particle velocity (Nandasena et a/,, 2008).

Force reduction behind the coral reef %
The roughness of corals (Mannings roughness coefficient 7=0.T)

H, Coral reefon theidealized bed Coral reefon the Gold Coast bed

(m) C,Z"IO TP:'ZO C,ZAO C,Z"IO T},fZO 7,=40 min
min min min min min

0.5 4 13 5 8 7 22

1.0 9 22 9 18 13 33

2.0 18 34 17 30 21 45

4.0 17 44 25 43 45 56

The roughness of corals (Manning’s roughness coefficient 7= 0.25)
Coralreefon the idealized bed Coral reef on the Gold Coast bed

Hy,

m [ =10 7,=20 17,230 1 7,210 T 7,220 7,=40 min
min min min min min

03 p23 57 pi 38 35 53

70 35 55 0 &7 57 75

70 53 78 56 75 5 53

a0 77 55 59 97 57 58

The marine flood force is calculated as the multiplication of density of
seawater, flow depth (= still sea depth + water surface elevation), and
the square of water particle velocity (Nandasena er a/, 2008). When
the wave height increased, the percentage reduction in the force
increased. Regardless of the wave period, the percentage reduction in
the force was greater than the reduction in wave height behind the
reef. No significant difference in the reduction of the force was
observed between the idealized and Gold Coast profiles. For the
idealized bed, the maximum reduction of the force was achieved for
the case with the waves of H,=4 m and 7,=20 min, whereas for the
Gold Coast bed, it was the case with waves of H,=4 m and 7,=10
min.

4. Discussion

Coastal areas are subject to more frequent extreme flooding caused
by tsunamis and big storms because of sea level rises due to global
warming (Rovere et al, 2017). Submarine barriers such as coral reefs
can play a significant role to dissipate the flow of energy, thereby
reducing potential damage to the coastline. The quantitative meta-
analysis conducted by Ferrario et a/ (2014) indicated that coral reefs
in the Indian, Pacific and Atlantic Oceans dissipate 97% of the wave
energy that would otherwise impact shorelines. Fernando er al.
(2005) found a strong correlation between the water inundation and
the extent of the coral and rock reef cover with a visible reduction in
flow velocity when the tsunami approached the coral reef. Corals
cause drastic wave attenuation (as much as 80%—95%) and act as
submerged breakwaters (Lugo-Fernandez er al, 1994; Frihy er al,
2004). This study also confirmed that the coral reef about 7.5 km long

in the wave direction reduced the wave height to 65% and the wave
force to 91% if the roughness of the reef was 0.25 s/m w3

Inundation distance was largely determined by wave height and
coastal topography; however, human modification of the reef did not
contribute to the magnitude of damage on land (Baird era/, 2005). In
a numerical simulation, Kunkel ez a/ (2006) found that a sufficiently
wide barrier reef within a metre or two of the surface reduces run-up
on land by the order of 50%. They noted that the effectiveness
depends on the amplitude and wavelength of the incident tsunami,
as well as the geometry and health of the reef and the offshore
distance of the reef. Both reflection and frictional dissipation are
significant in reducing the energy transmitted over the reef. The
broader and shallower the reef, the more protection it provides. This
study shows that when the wave height increased, the percentage
reduction in both wave height and wave force behind the reef
increased. However, when the wave period increased, the reduction
in wave height behind the reef firstincreased and then decreased for
the reef on the idealized bed, and this was the opposite on the Gold
Coast bed.

Many researchers have attempted to quantify the reef roughness by
using numerical assessment and conducting field studies (Nunes and
Pawlak, 2008). The rugosity index, the simple indicator for reef
roughness, is calculated as R;= 1 — D/, where D, is the direct tape
length and Gis the draped chain length over the reef (Fuad, 2010). A
higher rugosity index represents greater coral roughness. Leon er al.
(2015) explained the digital terrain model technique for surface
roughness measurement, which involves using high spatial resolution
photography of the reef surface, along with the Lidar and Global
Positioning System data. A field study at John Brewer reef included
measurement of reef-flat surface undulations and observation of non-
linear oscillatory wave propagation over the reef flat. The study showed
that the hydraulic reef roughness ranged between 0.04 m and 0.1 m.
The flow resistance provided by the corals is due to their density and
bonding with the platform (Massel, 2013). A study conducted by Lugo-
Ferndndez er al (1998) indicated that the wave attenuation
characteristics for any reef depend on the reef morphology, such as reef
geometry, coral alignments, and bottom friction. The reef morphology
changes continually with extreme wave impacts, and therefore using a
typical surface drag coefficient for all reefs would not be precise (Lugo-
Fernandez er a/, 1998). At scales of 1 m to 10 m, the most obvious
physical feature of coral reefs is that they are remarkably rough, having
bottom drag coefficients that are typically ten times larger (or more)
than the typical value of 0.0025 found for muddy or sandy sea beds
(Lugo-Ferndndez er al, 1998). However, a numerical model study
based on including the steady-state finite difference model indicated
that the coefficient of friction (cf) for coral typically ranges between
0.05 m/sec and 0.4 m/sec, which correlates with Manning's roughness
(m) of 0.1s/m"? and 0.25 s/m"?, respectively (Cialone er a/, 2008). In
this study, we used the definition of Cialone era/ (2008). To the best of
our knowledge, an accurate estimation of coral roughness in terms of
flow—coral interaction (reef hydrodynamics) is not yet available.
Therefore, large-scale experimental studies are needed to explore it.

Model simulation studies for the 2007 Solomon Islands earthquake
showed that coral reef in the GBR region attenuated wave amplitude
by at least 50% and delayed the tsunami arrival time at the shoreline
by 15 min (Cummins, 2008). The roughness is important in
determining the effect of the fringing reef on tsunami inundation, and
based on sensitivity analysis, smooth reefs are more likely to increase
the onshore velocity than rough reefs (Gelfenbaum er a/, 2011). The
flow velocity impeded by the corals found its way to the land with
greater intensity through low resistance paths created by
anthropogenic coral removal, much the same way as water jetting
through dead vegetation in wetlands (Granata era/, 2001) and shore-
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normal gaps in coastal vegetation (Thuy er a/, 2009). Numerical
simulation by Gelfenbaum er a/ (2011) confirmed that healthy,
rough coral reefs that are wide, high and without unnecessary
channels offer the greatest protection from destructive tsunamis. In
their experiment with a uniform array of rods, Fernando er a/. (2008)
simulated the gap effect in coral reefs. Coral reefs substantially
decreased the flow velocity due to the increase in the bottom drag
coefficient, which was a strong function of the coral porosity.
Increased flow velocity through the gap was observed, which was a
strong function of porosity, in addition to a suite of other parameters
that accounts for waves, corals, water depth and gap size.

Gawehn er al. (2016) classified long-period waves into four different
classes: resonant, standing, progressive-growing and progressive-
dissipative waves. The results of their study indicated that wave
resonance caused prolonged, large-amplitude water surface
oscillations at the inner reef flat ranging in wave height from 0.14 m
to 0.83 m. The waves had non-linear, bore-like wave shapes, which
are likely to have a greater impact on the shoreline than regular,
sinusoidal waveforms. We reported similar wave shapes at the reef
(Fig. 3b); however, corals with high roughness of the Gold Coast bed
profile can mitigate wave energy behind the reef by up to 88% with
wave period. Reef shape to the characteristics of incident waves is an
important factor controlling the hydrodynamic process over the reef
platform surfaces (Mandlier and Kench, 2012). Elliptical and circular
reefs could create distinctive wave convergence zones while linear
platforms do not superimpose reef-flat waves. Our study also found
that the mitigation potential of coral reefs is greatly controlled by the
bed slope off the reef. Wave height reduction behind the reef was
highest for the linear bed profile but lowest for the convex shape bed
profile (Gold Coast profile) for the incident waves of 20 min.

The results of this numerical study confirmed that coral has an
important role in marine flood reduction, and therefore protection of
reef-building corals is important from an engineering perspective.
Many researchers have realized the importance of corals and raised
concerns regarding coral degeneration due to human developments
and climate change. Government institutions and research centres
are trying to control the adverse factors affecting coral degeneration
and considering innovating and aspiring measures of forming
artificial coral reefs by studying the behaviour of corals in a simulator
environment. Further work is needed to address the issues of coral
degeneration and the revival of reef morphology. Basic numerical
and controlled experimental studies are pertinent for elucidating the
rationales behind coral reef hydrodynamics that help to understand
the mitigation potential of large coral reefs on a real scale.

5. Conclusions

The effect of roughness of coral reefs on mitigating marine floods
caused by long-period waves was analysed using one-dimensional
numerical simulations. The reduction in wave height and
hydrodynamic force behind the coral reef were tested against the
magnitude of marine floods subjected to the roughness of coral reefs.
The reduction in wave height behind the reef and at the shoreline
increases with the magnitude of the marine flood. The effect of wave
period is not similar to the effect of wave height when assessing the
mitigation potential of coral reefs on the sea bed. However, the marine
floods caused by longer period waves can be slowed by higher coral
roughness compared to the floods caused by shorter period waves.
Despite the wave period, the reduction in wave force is greater than the
reduction in wave height behind the reef. This study is limited in its
scope and only provides long-wave behaviour over coral reefs for
selective profiles and coral roughness in a one-dimensional numerical
simulation. Further assessments are required to consider two-
dimensional changes in bathymetry, wave breaking, and spatial change

in coral roughness over the reef, non-uniformity of coral reef in sea
depth, and wave hydrodynamics through the porous coral colonies.
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ABSTRACT

The modeling approach was applied for the study of the reactivity of pristine and the substitution and absorption of doped coronene nanocrystals with nitrogen
and boron under different cases. The reactivity indices of doped coronene molecules were investigated by adopting the Density Function Theory (DFT) code
under the SIESTA and Hiickel method schemes, which were performed using WebMO. We calculated reactivity indices that were placed into an orbital molecular
frame. The results showed that the replacement and absorption of the effects of the doped coronene molecule with nitrogen increased the reactivity of the
coronene nanocrystals. The pure coronene molecule is the molecule that has the largest energy gap. The hardness value of doped coronene substituted with a
nitrogen atom decreases. The magnitude of chemical potential and electrophilicity for doped coronene with a nitrogen molecule has higher values than all
compound cases studied. Moreover, the reactivity indices for the para position are low, so the compound will be less stable and highly reactive compared to the
other positions. Therefore, substitution and absorption of doped coronene nanocrystals with nitrogen, and also the para position for doping with nitrogen and
boron cases, will be a candidate for studying reactivity in the future.
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1. Introduction

In recent years, the attention given to organic crystals has increased due
to their low heaviness and price tag, which can be shown by
substituting transition raw material oxides within large amounts of
available carbon-based crystals (Devi er al, 2020; Lee er al, 2018;
Mauger er al, 2019; Vadehra er al, 2014; Zhu ez al, 201 8). Graphene-
based materials are at present widely valued for their possible uses as
devices and adsorbents. The electronic properties and reactivity of
graphene can be improved by doping with transition metals or
heteroatoms. Coronene composites can be employed as small
graphene quantum dots (Malcek and Cordeiro, 2018). Coronene
nanocrystals have been used in the creation of graphene (Kato er al,
2021; Saha and Bhattacharyya, 2018). The properties of pure coronene
and its boron nitride substitution were considered (Dosso er a/, 2020;
Kurita, 2000; Vessally er a/, 2017). Lithium as a dopant has already
been reported to reduce the stability of coronene more than three times
(Forozmand and Biglari, 2021). The substitution and absorption of
doped coronene nanocrystals with nitrogen are of interest in scientific
circles concerning their use in the field of nanomaterial science,
biosensors, environmental pollution remediation, drug delivery, and
several other areas (Kato eral, 2021).

Molecular modeling is the best-developed field to simulate any
molecule or system to recognize and predict its behavior. It
has further uses in  engineering and material sciences, including
nanoscience materials and electronics, which cover numerous areas
of investigation dealing with things that are scaled in nanometers and
that are expected to change the manufacturing sector in the
coming decades (Miiller and Gubbins, 1998; MacDonell and
Schuurman, 2018; Cygan, 2001; Mekky, 2020). Computational
software has proven to be animportant exploratory tool, and our plan
is to bring this technology to the classroom and apply it to examining
the doping of nitrogen and boron into carbon compounds (Amin and
Deraz 2000; Petrushenko, 2019; Zhu ez a/, 2018).

The examination of the adsorption actions of the graphene, fullerene,
carbon, and coronene ring complexes' theoretical composites can
provide important data about their reactivity and electronic and
structural tracts (Almugqrin eral, 2021; Wisniewski and Gauden, 2009).

The reactivity descriptors widely used by computational scientists
contain the highest occupied molecular orbital (HOMO) energies,
global hardness or chemical hardness, electrophilicity, and chemical
potential, as shown by Koopmans’ formulas (Bassi er af, 2020). A
thorough consideration of the stability of a doped system as
visualized in the previous studies requires assessing the above
descriptors for discovering potential synthetic uses in the future
(Belghiti er af, 2016; Bhawsar er al, 2015; Jaufeerally er a/, 2013;
Mujica-Martinez and Arce, 2010; Qiang er a/, 2016; Yadav er al,
2016; Mekky, 2018).

In this paper, we propose that substitution and absorption of doped
coronene nanocrystals with nitrogen, as well as the para position for
doping with nitrogen and boron cases, will be a candidate for
studying reactivity in the future.

2. Methods and Calculations

Calculations were carried out using the Density Function Theory
(DFT) in the SIESTA code. Itis used to obtain the relaxed geometry of
the considered composites, the optimum structural geometry of the
fragments shown in Figures 1, 2, and 3 come to be reached up to all
forces in general on atoms are lesser than 0.05 V/Ang. Energy with a
cutoff of 200 Ry is measured in the SIESTA calculations and to carry
out the measurements to examine electronic properties.

Once the inter-atom forces were smaller than 40 me V/A, the systems
were measured completely optimized. The last step was to compute
the mean-field Hamiltonians of the full junctions after fixing the
geometry of the junctions. SIESTA is a self-consistent density
functional theory method that uses norm-conserving pseudo-
potentials and a linear combination of atomic orbital basis (LCAOB)
to execute effective calculations (Soler er a/, 2002; Sozykin, 2021).
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WebMO is a web-based interface for computational physics and
chemistry packages (Perri and Weber, 2014; Schmidt and Polik,
2021). It allows the user to set up, run, and visualize physical and
chemical calculations from a web browser, smartphone, or tablet. Itis
used to model and study the reactivity parameters of coronene
nanocomposites and their derivatives. Substitution and absorption of
doped coronene nano molecules by nitrogen and boron (with ortho
and meta and para) positions are displayed in Figures 1 and 2. All
models involved in this study are presented in Figures 1 and 2.

Figure 1: Structure of (a) pure coronene, substitutional doped coronene with (b) nitrogen, and (c)
boron molecules and absorbed (d) nitrogen, and (e) boron molecules inside coronene.

Figure 2: Structure of substitutional doped coronene with nitrogen (a, b, and c), and boron (d, e, and
f) molecules at the (ortho & meta & para) positions.

These have been examined by assuming the Hiickel method. Merging
mechanic cleanups through a Hiickel orbital scheming is a rapid
approach to optimizing geometry and assessing molecular orbitals
devoid of exhausting a computational engine. To show molecular
orbitals, WebMO uses the Extended Hiickel Theory (EHT) Molecular
Orbital method. The Hiickel Molecular Orbital (HMO) concept is a
very simple theorem for examining both sigma and pi-molecular

orbitals of carbon systems.

EHT covers the important components of the molecular orbital
principle at a minimum level. Typically, EHT with a very low
computational request suggests a qualitatively valuable explanation
of the electronic structure of molecules.

The objective of WebMO's EHT execution is computational efficiency.

3. Results and Discussion

Reactivity is the impetus by which material needs to undergo a
chemical reaction with an overall flow of energy, either alone or with
other substances. The reactivity index is the traditional theoretical
quantity used to calculate the relative rate of identical reactions
occurring at various positions in a compound or in different
compounds.

For the calculations of inclusive identifiers of reactivity, the Lowest
Unoccupied Molecular Orbital (LUMO) and HOMO energies are
used. The reactivity indices are hardness, energy gap, electrophilicity,
and chemical potential, symbolled as 1), AE, 0, and |, respectively
(Mekky, 2014; Islam et af, 2019) These are determined using the
formulas below, based on Ey gm0 and Ejymo:

AE= Egap = (Erumo — Eromo) (1)
where

W= (Eumo + Enomo) / 2, ()
N = (E.umo — Eromo) / 2, and 3)
w=p¥2m. (4)

The doping of nitrogen and boron atoms in coronene is performed to
obtain the worked models. For the heterostructure, only in the central
ring of coronene, we replace C atoms with B and N. Itis worth noting
that the purpose of this paper is to examine the replacement and
absorption effects of the doped coronene molecule on coronene
reactivity indices. The energy gap (E,ymo-Enomo) is a significant
stability index that maintenances telling the reactivity (stability) of
the studied molecule. The reactivity is different from the kind with
dopants. The substitution of doped coronene by a nitrogen atom has
the lowest energy gap, as shown in Figure 3(a). It allows this lower
gap to be the softest molecule and more reactive than all the cases
studied. The pure coronene molecule is the molecule that has the
largest energy gap.

Figure 3: (a) energy gaps, (b) hardness, (c) chemical potential, and (d) electrophilic of coronene and
its substituted N and B derivatives.
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As shown in Figure 3(b), among all other molecules in the study case,
the hardness value of doped coronene substitution with the nitrogen
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atom is lower. Thus, itis observed that coronene doped with nitrogen
is more reactive than in other recent cases.

From SIESTA and WebMO simulations, the hardness of the pure
coronene molecule is estimated to be 1.47 and 1.08 eV, respectively
(Figure 3[b]), and the value decreases due to the replacement of
carbon with nitrogen and boron atoms. In the case of nitrogen
substitution, the lower value of chemical hardness means that the
stability of the studied system decreases, and it will come to be more
reactive.

Generally, the chemical potential is defined as the negative of
electronegativity, and it describes the trend of gaining electrons in the
direction of the molecule. Electrons in general flow from low to high
electronegativity areas up to the electronegativity value of the
constituent system neutralizes. The magnitude of chemical potential
for doped coronene with nitrogen molecules has higher values than
all compound cases studied (figure 3[c]) when determined using
SIESTA and WebMO calculations.

The coronene compound doped with a nitrogen atom has nearly as
high an electrophilicity value as all compound cases studied (Figure
3[d]). The results illustrate the compound that has the slightest
energy gap. Therefore, itis polarizable and is associated with a greater
chemical reactivity and smaller stability, and it is labeled as a soft
molecule.

As shown in Figure 2, we found several possible formations for both
the nitrogen and boron atoms occupying the central ring of the
coronene model. The two substituent atoms are adjacent at the ortho
substitution. If there is one C atom between the two atoms, then itis
in the meta substitution, whereas para substitution inserts two C
atoms between the two atoms.

The meta and para substitution slightly decreases the energy gaps of
N and B of the doped coronene in comparison to the ortho position.
Figures 4(a) and 5(a) summarize these effects. This illuminates the
dependence of energy gaps on the sites N and B of the doped
coronene molecules.

The LUMOs—HOMOs gap explains the reactivity and stability of the
composites. At the para position, the energy gap is lower than in the
two other positions; the compound at the para position is less stable
and more reactive. Correspondingly, the energy gap at the ortho
position is large, so the compound will be highly stable and less
reactive compared to the other positions.

As shown in Figures 4(b) and 5(b), the nitrogen and boron
substitutions lead to a decrease in meta and para position hardness
compared with the ortho position hardness. On the other hand, the
lowest single value for hardness is the para doped B and N system
position. So, the coronene that dopes with nitrogen is the more
reactive.

In Figures 4(c) and 5(c), the most chemical-potential molecule value
is coronene doped with N and B at the ortho position, but the lowest
chemical-potential molecule value in each is at the para position. The
more reactive one is the compound structure at the para position.

Assuming SIESTA yields better results, the N and B substitution
becomes equally good in terms of reactivity, which is described in
Figures 4(a) and 5 (a) by similar AE values of 0.225 eV and 0.231 eV.

Figure 4: (a) energy gaps, (b) hardness,(c) chemical potential, and (d) electrophilic of coronene and
its substituted N derivatives for (ortho & meta & para) positions.

027598
am |

o | ozs2

0 e

o1 o7

010 =

ass 00

ooo )
& .

&

|
g*&

Hardness {ev)

& 4
& o
&
& o“dP &
& £ K
wwiebio m siests
©aoan e
NCORDNENE. 0 CORGNENE 30y opcmient |
n et pera __ aman
T — —— E o000 |
— 2
E am | Z ew
3 el o 3 |ass.asas7 s
1 | 2269 2 wom
: e = § 0]
g am | e | &
R an — i
& oo o & - /
] C ) e — ! L4 >
1200 Y &@g o 6"'@
/ o & Q,'S'
P
WebM Si i 3
lebMo W Siesta -\Vzh‘ﬁj W Siesta
(0) (d)

Figure 5: (a) energy gaps, (b) hardness,(c) chemical potential, and (d) electrophilic of
coronene and its substituted B derivatives for (ortho & meta & para) positions.
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The electrophilicity of the modified coronene rises from ortho to para,
which once again confirms the reduction in chemical stability, as
shown in Figures 4(d) and 5(d), supporting the theory of optimal
electrophilicity. Because the molecule of the para position system
becomes less stable than that of the other position systems, this will
demonstrate a higher propensity to accumulate extra electronic
charges from the surroundings.

As shown earlier in Figures 1 (b) and (c), we identified the hollow
absorption sites to demonstrate that the hollow positions are the
most favorable for the absorption of nitrogen and boron atoms.
Doping with the B atom does notincrease the energy gap from Figure
6(a), whereas the addition of the N atom to the molecule's central ring
results in a decrease, with the weakest energy gap being lower than
pristine coronene, as seen in Figure 6(a). This narrower gap makes it
more reactive than in other situations. The largest energy difference
is presentin the pure coronene compound.

Figure 6: (a) energy gaps, (b) hardness, (c) chemical potential, and (d) electrophilic of coronene and

its absorbed N and B molecules inside coronene.
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The mostreactive and unstable compound in this sequence, as shown
in Figure 6(b), was absorbed by coronene B, and its reactivity was also
accompanied by lower hardness values. The most stable compound
was the pure coronene compound, which is also confirmed by its
elevated hardness values.

The chemical potential of coronene and its absorbed N and B
derivatives are shown in Figure 6(c). For pristine coronene, the
highest value was observed, and for coronene absorbed B, the lowest
value was measured.

It has been observed from Figure 6(d) that the highest electrophilicity
index value of the coronene absorbed B molecule is obtained from
the considered molecules.

4. Conclusions

A modeling approach is performed using the Density Function
Theory (DFT) and the Extended Hiickel Theory (EHT) methods to
study the reactivity indices for pristine coronene and doped coronene
with nitrogen and boron atoms and the position of doping in the
molecule. The results obtained for the reactivity indices show that the
most reactive study case is the most stable, depending on the values
of the energy gap (Eiumo-Eromo). Assuming SIESTA yields better
results, the N and B substitutions become equally good in terms of
reactivity. The studies show that doping decreases some of the above
reactivity indices significantly while some increase occurs compared
to pure coronene, suggestingthat one caninduce asignificant change
in doped coronene reactivity with nitrogen and the para position

doping.
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ABSTRACT

The heterogeneity of ovarian cancer (Ov Ca) is attributed to multiple genetic and epigenetic changes, rendering it difficult to detect the most relevant molecular
alterations. Identifying copy number variations (CNVs) will be helpful in screening patients with a familial history and will ultimately facilitate early diagnosis.
This work aims to determine germline CNVs that may be associated with risks for different subtypes of ovarian cancer. Using Affymetrix genome-wide human
SNP 6.0 arrays, 138 germline DNA samples of non-familial ovarian cancer were analysed using Golden Helix (SVS7) software. CNVs overlapping the EYA2
(20913.12) and WNK1 (12p13.33) genes are the top hits with a significant p-value (<0.05). Deletion is more frequent in normal and low-grade carcinomas.
Commonly, ovarian cancer is copy neutral (CN2) or has copy number gains (CN3). Amplification at these locations is associated with high-grade cases, which
have worse overall survival rates. A CN3 in the WNK1 gene is associated with a higher expression of mRNA. It could be concluded that ovarian cancer is associated
with CN3s where the segments of DNA overlap WNK1 and EYA2. The oncogenic effect of WNK1 and EYA2 on ovaries may serve as prognostic markers for
ovarian cancer.
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1. Introduction

Ovarian carcinoma (Ov Ca) is the seventh most common malignancy
in women. It is a major public health problem, as there are more than
190,000 new cases of Ov Ca worldwide every year, with multiple
etiologic hypotheses for ovarian carcinogenesis. There are neither
applicable biomarkers to ascertain early disease nor consistent
prognostic markers for predicting clinical response to treatment
(Concolino eral, 2018; Siegel eral, 2019; Webb and Jordan, 2017). The
heterogeneity of Ov Ca leads to a histopathologic subtype that carries
distinct genetic events with complex genomic alterations. Hence, the
importance of recognising disease diversity has clinical implications for
the strategies of early detection, prevention and treatment
(Alexandrova eral, 2020; Kossai eral, 2018).

Copy number variations (CNVs) are duplications or deletions of
several kilo-base or more segments of nuclear DNA. CNVs are
associated with the risk of developing common diseases, including
cancers (Concolino er al, 2018; C. Lee er al, 2007). The recent
application of genotyping platforms reliably detects copy number
information that serves as another intense basis of genetic variability
to outline complex molecular and biochemical interactions within
the human genome (C. Lee er a/, 2007).

Eyes absent (£YA), homologous to the Drosophila eyes absent genes,
form afamily of genes firstidentified in Drosophila and other organisms
(mice, humans, molluscs, nematodes). £¥AZ, mapped to chromosome
20q13 and £YA mutations, are associated with multi-organ birth
defects in humans (Zhang er al, 2005). £YAs are required for the
development of multiple organs and have correspondingly been
implicated in multiple disorders. Increasing evidence points to an
oncogenic, pro-metastatic and angiogenic function for FYA FYAZ2
functions as a transcriptional coactivator to activate a variety of target

genes involved in cell cycle progression and differentiation in several
tissues (Tadjuidje and Hegde, 2013). Overexpression of £¥As occurs in
tumorigenesis and metastasis processes by working on the tumour
microenvironment to activate tumour cell growth. £YA2 mRNA is
highly expressed in most human cancers, such as ovarian, prostate,
lung, breast and urinary tract, while its expression is low in colon cancer
(Liu eral, 2019; Tadjuidje and Hegde, 2013).

WNKs (with no lysine [K]) express four isoforms belonging to the
serine/threonine kinases family of genes (Xu er a/, 2000). WNK
family proteins play an integral role in cell proliferation,
differentiation and carcinogenesis (Moniz and Jordan, 2010). WNK7
is located in Chr12p13.33, and allelic losses in the Chr12p12.2-p13
region that harbours WNK7are in breast and ovarian cancers. WNK7
point mutations are associated with breast, prostate, ovarian,
colorectal, lung and thyroid cancers, which confirms its potential role
in tumorigenesis and metastasis formation (Kori and Yalcin Arga,
2018; Rodan and Jenny, 2017).

CNVs could play a substantial role in conferring Ov Ca. This study
aims to identify germline CNVs that may be associated with risks for
different subtypes of Ov Ca. The use of a genome-wide copy number
analysis-testing platform would enable the identification of novel
and potentially targetable chromosomal alterations of therapeutic
significance.

2. Materials and Methods

2.1. Cohort:

The samples consist of 138 germline DNA of non-familial ovarian
cancer drawn from a CA-125 screened cohort of individuals with
peripheral blood samples from 1996, which was a collaborative work
between Harvard Medical School and the Chinese University of Hong
Kong. The cohort is composed of ethnically homogeneous women
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(Chinese descent) obtained from an ethnically homogeneous
population to avoid detection of CNVs related to differences in
ethnicity and not to an ovarian cancer genetic signature. The study
population is aged 15-94 years (mean=49.8) and presents with
different pathological subtypes of Ov Ca. The Ov Ca cases in this
cohortare divided into three groups based on age: the smallest group
involves cases younger than 21 years (1.5%), the second ranges
between 21—45 years (22%) and the most common group consists of
patients older than 45 (76.5%). Most of the cases are serous
carcinoma subtypes (31.1%), followed by endometrioid carcinoma
(20.5%), then clear cell carcinoma (12.9%), while other types
represent 34.4%. Overall survival curves in this cohort show that the
worst survival rate is the malignant mixed Mullerian tumour
(MMMT), followed by adenocarcinomas and serous carcinomas,
while maximum survival is detected in clear cell carcinoma and
endometrioid carcinoma. Tumour grades are classified into a low
grade (63%) and high grade (37%), and the cases comprise stage |
(38.5%), stage Il (15.4%), stage Ill (36.9%) and stage IV (9.2%).
Normal controls (30 samples) are from an ethnically homogeneous
population to avoid the detection of CNVs related to differences in
ethnicity and not related to an ovarian cancer genetic signature.

All procedures implemented in this study have been approved by IRB
and/or the national research ethics committee in agreement with the
1964 Helsinki Declaration and its later amendments.

2.2. Study Outline:

Affymetrix genome- wide human SNP 6.0 arrays

DNA from 138 Ov Ca cases belonging to different grades, stages and
subtypes with Affymetrix genome-wide human SNP 6.0 arrays were
analysed using Affymetrix Genotyping Console (GTC) software to
generate copy number, loss of heterozygosity (LOH) and
segmentation data from the raw intensity values (CEL files). All cases
were processed according to the manufacturer’s protocol (Affymetrix
Santa Clara, CA, USA).

Affymetrix GTC generates copy number and segmentation data using
the Birdseed v2 algorithm. Golden Helix software (SVS7) provides
advantages in correcting the batch effect as well as detecting the t-
wave effect to minimise noisiness and eliminate false-positive results.
The software suite also has a module to carry out association analysis.
Segmentation algorithms convert the log-ratio data to copy number
segments to yield a list of inherited and de novo CNVs on a univariate
and multivariate basis. CNVs that did not have a significant p-value
for association analysis between cancer and normal groups were
excluded. The results provide heat map pictures of multiple genetic
loci of lesions associated with Ov Ca and provide avenues for further
identification of oncogenes and tumour suppressor genes involved in
Ov Ca.

2.3. Copy Number Validation:
TagMan DNA copy number validation by gPCR

DNA from 138 ovarian cancer cell lines were used for TagMan
quantitative polymerase chain reaction (QPCR; Life Technologies, CA)
validation in addition to human and HapMap samples. HapMap cell
lines NA10851 and NA12878 (Coriell Institute) were used as
references for qPCR validation. DNA was extracted from all cell lines
using Puregene DNA Purification Kit (Gentra Systems). Copy Caller
software was used to analyse the copy number experiments provided
by Applied Biosystems.

The genomic coordinates of the top hits from the Golden Helix
analysis were extracted from the association analysis table. The copy
number states of the top CNVs were validated using qPCR. TagMan
qPCR was preferred because it has a more reliable primer design,

which is more specific and sensitive. Each experiment was repeated
three times, using three replicates of the same sample in each run to
ensure consistency of results.

2.4. NanoString Validation:

NanoString nCounter analysis techniques (NanoString Technologies,
WA) were performed to confirm the results detected by association
analysis. NanoString technology was used to further confirm the copy
number state of a specific DNA segment that was seen to be
significantly associated with serous ovarian cancer.

For NanoString analysis, samples representing different copy number
states of two specific CNV segments previously identified by Golden
Helix analysis were used. DNA samples from four commercially
available cell lines were also included for use in further functional
follow-up studies to assess the copy number states in these cell lines.
NanoString’s workflow has three different primers builtinto the array
to obtain triplicate results for further confirmation.

2.5. RNA gPCR for EYA2 and WNK1 Protein Expression:

We performed quantitative-RT-PCR (qRT-PCR) to test the gene
expression among samples with different copy number states to find
a relationship between the copy number state and the expression.
Total RNA was first extracted from cell lines and reverse transcribed.
The ¢DNA was then used for TagMan qPCR analysis. Each
experiment was repeated three times, using three replicates of the
same sample in each run to ensure consistency of results.

SYBR® Green | (Life Technologies, CA) was used to perform real-time
PCR with synthesised single-stranded cDNA from RNA extracted
from Ov Ca cell lines (A2780, HOSE-636 and OV CAR3& CAOQV3).
RNA expression analysis was performed for the selected genes
(WNK7and EYA2) to identify their expression amount and to link the
expression to the copy number state of each sample. The coordinates
of CNV segments that overlapped the genes of interest were detected
by Golden Helix software analysis (WNKT: coordinates hg19,
chr12:867,000-875,750; coordinates hg18, chr12:737,261-746,011
and FYAZ coordinates hg19, chr20:45,778,000-5,788,000;
coordinates hg18, chr20:45,211,407-45,221,407). According to
these coordinates, primers were designed to detect the mRNA of the
following:

WNKT_5" CAGTTGCGACACAACCCTCGGT
WNK7_3' TGGGAAGCCCTGGTACAGAACA
EYA2 5" AGACCTGGCTACAGCTCCGAGC

EYA2_3' ACATTGACACAGTTGGGCCGGGA

The output of the qPCR was analysed to detect the mRNA expression
of every sample. The results were compared to the CNV state of the
DNA of the same sample for the same segment previously tested by
Golden Helix analysis and confirmed by TagMan qPCR.

2.6. Data Analysis:

The data were analysed with Affymetrix GTC software to generate
copy number, LOH and segmentation data from the raw intensity
values (CEL files). Analysis was performed on the detected CNV
regions using the following statistical tests for CNV association
analysis: Correlation/Trend Test, Armitage Trend Test, Exact Form of
Armitage Test, (Pearson) Chi-Squared Test, Fisher’s Exact Test, Odds
Ratio with Confidence Limits, Analysis of Deviance, F-Test, Logistic
Regression and Linear Regression.

3. Results

On the one hand, for each histopathological type (irrespective of the
stage), some CNVs were shared by all subtypes of Ov Ca. On the other
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hand, other CNVs specific to each subtype were not identified when
the samples were compared to HapMap. In another trial to find CNVs
among different groups according to the stage of cancer (among cases
of stages |, II, lll and IV), all shared some CNVs, but when comparing
each stage separately to HapMap, unique CNVs (correlated with
higher grade and stage) could be found among each stage, which may
be of prognostic importance in Ov Ca. In this study, most cases were
of the serous carcinoma subtype (31.1%), followed by endometrioid
carcinoma (20.5%), clear cell carcinoma (12.9%) and other types
(34.4%). Similarities in gene expression could be seen between the
serous and endometrioid subtypes and between the clear cell and
endometrioid subtypes.

Association analysis was performed on the detected CNV regions,
dividing the cases into two groups (Ov Ca samples and normal
control group) using the statistical tests mentioned in section 2.6. For
association analysis, the —log10 p-value for all chromosomes was
plotted for all cases using a Manhattan Plot of the corrected data.
Association analysis detected six significant top hits that
characterised cancer cases from the control ethnically homogeneous
age-matched normal group (see Table 1). The most significant
detected CNVs are at six locations: 20q13.12 overlapping the £YAZ2
gene, 12p13.33 overlapping the WNKT7, 12p11.22 overlapping the
KLHDC5,13q13.3 overlapping the CSNK7A7L,18q22.1 overlapping
the CCDC702B and 5q11.2 overlapping the PLKZ (see Figures 1 and
2). KLHDC5, CSNKTA1Land CCDC102Bare pseudogenes that do not
have previous research on their biological roles. The most significant
detected genes that have p-values <0.05 are WNA7and £YAZ, which
have previously been described as the carcinogenesis pathways of
many cancers: CN_623069 overlapping the £¥42(20q13.12) gene at
location chr12:867,000-875,750 and CN_874978 overlapping the
WNK7(12p13.33) gene at location chr20:45,778,000-45,788,000.

For validation studies using cell lines, the work focused on WANK7and
EYA2 genes and carried out DNA copy number analysis in
conjunction with RNA expression analysis. DNA copy number
analysis used two methods, namely, TagMan qPCR and NanoString
assays. The Ov Ca cell lines included SKOV3, OVCARS, 2008, CAOV3,
A2780 and HOSE636. DNA was also extracted from HapMap cell
lines NA12878 and NA10851, which were used as controls.

The first validation method, TagMan qPCR, was performed to
measure the copy number states of the DNA extracted from different
Ov Ca samples and the HapMap cell lines that were previously
analysed using Golden Helix. The second technique for validation
was NanoString, and the results of the two validation steps were
compared with each other and with the arrays detected in CN states.

The two assays for validation correctly recapitulated the results of the
arrays in the Golden Helix analysis for HapMap cell lines. The CN
states for ovarian cancer cell lines were also in agreement with the
predominant CN state in ovarian cancer detected by Golden Helix
arrays analysis. Therefore, the copy number states of the most
significant CNVs associated with Ov Ca were confirmed and
validated.

Table 1 shows the results of our extensive association analysis using
Golden Helix software with the p-value for each association. The
most significant hits that overlap genes are presented in descending
order of p- values.

The output data of the association analysis, which nominated
significant CNV regions, distinguish ovarian cancer from normal
cases. These CNVs overlap known genes and pseudogenes listed in
the associated gene column.

The first column in the table represents the chromosome, the second
column is the cytoband location in the chromosome and the third
column is the exact starting genomic coordinate of the CNV segment

in the chromosome. The p-value is presented in the highlighted fifth
column, and the last column lists the —log10 p-value.

Table 1: The output data of association analysis using Golden Helix software nominated significant
CNV regions that distinguish ovarian cancer from normal cases

Chromosome | Cytoband Position Associated gene T-test P Regression-log10 P
20 q13.12 45780094 EYA2 0.002857 2.61044
12 p13.33 869251 WNK1 0.010271 2.052746
12 p11.22 28095546 KLHDCS 0.01287 1.963284
13 q13.3 38072024 CSNK1ATL 0.040633 1.43374
18 q22.1 66742743 CCDC102B 0.045041 1.385111
5 q11.2 57326015 PLK2 0.052274 1.312454

Figure 1: Heat map of the copy number gain overlapping the £¥A2gene in cancer cases
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Figure 1is a heat map of the copy number loss detected at the location
of the £YAZ gene (Chr20q13.12) in normal cases; however, ovarian
cancer cases show a copy neutral (CN2) state in the same segment.
This means that cancer cases have more copies in the Chr20q13.12
location than the normal control group. Red bars represent the areas
of copy number loss, while the white bars represent CN2 cases. The
X-axis represents the exact position of the copy number variation
segment, and the Y-axis represents the ID of the studied ovarian
cancer samples.

Figure 2: Heat map of the copy number gain overlapping the WNK7 gene in cancer cases
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Figure 2 is a heat map of the copy number loss detected at the location
of the WNK7 gene (Chr12p13.33) in normal cases. The ovarian
cancer cases show either a CN2 state or copy number gain (CN3) in
the same segment. This means that cancer cases have more copies in
the Chr12p13.33 location than the normal control group. The red
bars represent the areas of copy number loss, while the white bars
represent the CN2 regions. The X-axis represents the exact position
of the copy number variation segment, and the Y-axis represents the
ID of the studied ovarian cancer samples.
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In the CNVs overlapping £¥A2and WNKT, deletion is more frequent
in normal and in some low-grade cancers, while Ov Ca is chiefly CN2
or has CN3, giving a clue to the possible oncogenic role of these two
genesin Ov Ca.

Validation of the resulting top hits was performed using two different
techniques: TagMan qPCR and NanoString copy number analysis.
The results of the two validation steps were compared to each other
and the arrays detected in CN states. TagMan qPCR was performed
to measure the copy number states of the DNA extracted from
different Ov Ca and the HapMap cell lines that were previously
analysed using Golden Helix. The CNV segment that overlaps the
EYAZ gene (see Figure 3) shows that the copy number states used in
NanoString (panel-A) are identical to the results obtained from
Golden Helix analysis (panel-B). This means that the CNV segment
overlapping the £YA2 gene was successfully validated and its true
CNV is related to Ov Ca. For the CNV segment that overlaps the
WNK7 gene (see Figure 4), the copy number states used in
NanoString (panel-A) are identical to the results obtained from
Golden Helix analysis (panel-B). The CNV segment overlapping the
WNKT gene was successfully validated and its true CNV is related to
the cancer cases.
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Figure 3: Expected versus detected CNV (£YA2)
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Figure 3 presents illustrations of copy number state validation using
the NanoString technique. Picture (A) shows the copy number state
of different samples using three different primers. Picture (B)
compares the CN state of NanoString and the CN state of TagMan
qPCR with successful validation. The CNV segment that overlaps the
EYA2gene is tested, and all samples of the NanoString copy number
states (Figure 3A) are identical to the results obtained from the
Golden Helix analysis in Figure 3B. This means that the CNV segment
overlapping the £YAZ gene is successfully validated and its true CNV
is related to the carcinoma samples.

Figure 4. Expected versus detected CNV (WNKT)
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Figure 4 presents illustrations of copy number state validation using
the NanoString technique. Figure 4A shows the copy number state of
different samples using three different primers. Figure 4B compares
the CN state of NanoString and the CN state of TagMan qPCR with
successful validation. The CNV segment that overlaps the WNK7
gene is tested, and all samples used in the NanoString copy number
states (Figure 4A) are identical to the results obtained from the
Golden Helix analysis in Figure 4B. This means that the CNV segment
overlappingthe WNK7gene is successfully validated and its true CNV
is related to the serous carcinoma samples.

The two assays for validation correctly recapitulated the results of the
Golden Helix arrays analysis for the HapMap cell lines. The CN states
for Ov Ca cell lines were also in agreement with the predominant CN
state in ovarian cancer detected by Golden Helix arrays analysis.
Therefore, the copy number states of the most significant CNVs
associated with Ov Ca were confirmed and validated.

For WNKT, the RNA expression was seen to increase with a higher
DNA copy number in the same segment (Figure 5). However, in the
case of £YAZ no consistent correlation was detected between the
DNA copy number state and the RNA expression level in the cell lines
tested (Figure 6), which may be explained by the presence of many
factors affecting the £YAZ2 expression other than the copy number
state. Our study confirmed frequent amplification at the segment
overlapped by WNK7 (Chr12p13.33), with concordant mRNA
overexpression in many Ov Ca cell lines.

Abd Elmoneim, H.M., Mohammed, R.K., Abd El-Meguid, R.F., Tawfik, H.M., Abd Elghany, M.I., Albar, H.T., Basalamah, M.A.M. and Toni, N.D.M. (2022). Identifying novel targetable chromosomal alterations in ovarian cancer: Using
germline copy number variation association analysis. 7he Scientific Journal of King Faisal University: Basic and Applied Sciences, 23(2), 12-9. DOI: 10.37575/b/med/220015



16

Figure 5. The DNA copy number state and mRNA expression of the WNK7gene
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Figure 5 shows the validation of Ov Ca samples with different copy
number states detected by Golden Helix analysis using TagMan
qPCR.The graph compares the DNA copy number state (red bars) and
the RNA expression state of the same samples (blue bars).

Figure 6. The DNA copy number state and mRNA expression of the £YA2gene
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Figure 6 shows the validation of Ov Ca samples with different copy
number states detected by Golden Helix analysis using TagMan

qPCR.The graph compares the DNA copy number state (red bars) and
the RNA expression state of the same samples (blue bars).

4. Discussion

The high mortality rate of Ov Ca arises from a lack of diagnostic
symptoms, the absence of effective biomarkers to identify early
stages and missing reliable prognostic markers. The heterogeneous
nature of Ov Ca histologic subtypes may affect treatment modalities
and disease prognosis (Kobel er a/, 2008). Evaluating the molecular
changes, copy, content and structure associated with epithelial Ov Ca
arising in distinct genetic backgrounds offer approaches to
therapeutic intervention (George er al, 2013).

In this study, a germline association study using blood from patients
with ovarian cancer was carried out using the genome-wide human
SNP array 6.0, which contains 906,600 probes for SNPs and 946,000
probes for the detection of CNV loci. Affymetrix GTC was used to
generate copy numbers, LOH and segmentation of the raw data (CEL
files). The presence of CNVs specific to each histopathological
subtype in this study indicates that each subtype of ovarian cancer
has distinctive CNVs that may lead to better identification of the
pathogenesis of Ov Ca to invent early screening tools. Therefore,
future analysis integrating chromatin features into the CNV selection
process could identify other CNVs missed in this analysis that are
associated with cancer risk (Walker era/, 2017). Ov Ca heterogeneity
will also have affected the ability to identify risk loci, as common
variant risk regions are different for different histopathological types
of Ov Ca (Lawrenson eral, 2019). In this study, a germline association
study using blood from patients with ovarian carcinoma using the
genome-wide human SNP array 6.0 can reveal novel genes worthy of

follow-up for cancer susceptibility.

The most significant CNVs detected were 20q13.12 overlapping the
EYA2 gene and 12p13.33 overlapping the WNKT gene (p-values
<0.05), which have previously been described as some of the
carcinogenesis pathways of many cancers. The £¥A family form a
mutual transcription factor complex that supports the proliferation
and survival of progenitor cells. The expression of £¥A4in adult tissue
is associated with the origin and development of diverse tumour
types. EYA proteins also contain protein tyrosine phosphatase
activity, which plays a crucial role in breast cancer growth and
metastasis as well as guiding cells to the repair pathway upon DNA
damage (Blevins er a/, 2015). The epigenetic silencing of £YAZis a
common incident in pancreatic cancers, and its constant expression
limits the growth and metastases of adenocarcinoma (Vincent er al,
2014). EYA proteins have multipurpose biochemical activities, which
are associated with different cellular functions, and elevated £YA
ranks of expression might enhance resistance to DNA-damaging
therapeutic regimens frequently consumed in cancer therapy
(Blevins eral, 2015; Tadjuidje and Hegde, 2013). £¥A proteins affect
advanced cancer progression via their role as pro-proliferative and
anti-apoptotic factors. A tough DNA damage response pathway
comprises the regulation of H2AX phosphorylation via £YA2 to
facilitate proper cell cycle progression upon injury (Sousounis er al,
2020). The most eminent cell cycle regulators, cyclin D1, p27 and ¢
myc, are target genes of the £¥A transcriptional stimulators. CDK6
expression enhances the degradation of the £YAZ protein (Kohrt er
al, 2014). Overexpression of micro RNAs-30a in lung
adenocarcinoma cells can inhibit cell migration and invasion, which
is partially attributed to the decrease in £YAZ expression. These
results may be used in the future as a new prospective target for the
treatment of lung adenocarcinoma (Yuan er al, 2016).

Using SNP arrays to detect CNVs has many benefits such as being
cost-effective and requiring fewer samples per experiment compared
to other techniques (Winchester er a/, 2009). For validation studies
using cell lines focused on WNK7 and £YAZ genes, CN states for
ovarian cancer cell lines are also in agreement with the predominant
CN state in ovarian cancer detected by Golden Helix array analysis. If
copy number-driven alteration in gene expression is a common
attribute of the genomic panorama, it is likely that epigenetic
modifications will further polish gene expression in favour of tumour
growth (Bowtell, 2010).

Herein, the detected CNVs overlapping £YA2 and WNKT give a clue
to the possible oncogenic role of these two genes in Ov Ca.
Amplification at these locations is associated with high-grade
tumours, which have a worse overall survival rate. WNK7 and £YA2
amplifications are significantly associated with high-grade tumours,
which indicates the possible oncogenic activity of both genes, and
WNKT and £YA2 may serve as prognostic markers for Ov Ca. These
results are in agreement with other studies that suggest the oncogenic
role of WNK7and EYAZin different cancer types (Costa er al, 2015;
Li er al, 2018). A significant association is also found between higher
expression and end-stage ovarian cancer along with poor prognosis
(Xu er af, 2019). WNKT plays an essential role in early embryonic
angiogenesis regulation through oxidative stress response kinase.
Emerging evidence suggests that ion homeostasis is important for cell
migration in many cell types and Akt phosphorylation of WNK7may
affect its targeting and interaction with downstream targets (Huang
er al, 2020). Generally, the functional diversity of WNKT offers
positive feedback loops for the amplification of tumour growth.
WNKT can promote tumorigenesis by stimulating tumour
angiogenesis. Thus, a WNKT signalling cascade might be a multi-
purpose focus for blended cancer therapy. The inhibition of WNK7
may be a potent anti-cancer therapy (Sie er a/, 2020).
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Targeting £YA may inhibit the growth and progression of multiple
tumour types (Zhou er af, 2018). £YAZ has a higher expression and
copy number in ovarian cancer than in normal human ovaries, which
is consistent with similar observations in breast cancer that are in
concordance with this work (Xu er a/, 2019). In the case of £YA2, no
consistent correlation has been detected between DNA copy number
state and RNA expression level in the cell lines tested. This may be
attributed to any other biological factor that increases the £YAZ
expression thatis not related to the increase in the copy number state.
Further research is needed to detect the cause of the high expression
of £YA2. A somatic study of ovarian cancers, especially epithelial,
identified a high expression of £¥A2 mRNA in different types of
malignant cells. A high copy number is directly associated with the
mRNA expression level of £¥A2. In Ov Ca cell lines, up-regulation of
EYAZhas also been shown to push the tumour growth of cells and is
related to the genomic amplification of its locus in Ov Ca specimens.
Up-regulation of £YAZ2 has been associated with the activation of
tumour growth and decreased overall survival, especially in epithelial
Ov Ca (Zhang er al, 2005), which aligns with these results. The
20q13.12 amplification was observed in multiple tumours, and it
encodes 11 genes, one of which is £YA2. However, the current
association contrasts with other findings that reported improved
overall survival with chr20q13.12 amplification (Xie er a/, 2012).
Early-stage Ov Ca is commonly asymptomatic, and nearly 75% of
women have the progressive disease at diagnosis. Hence, Ov Ca is the
leading cause of death among gynaecological cancers, as it represents
4% of all cancers in women. Overall survival is highly dependent on
the stage of Ov Ca, and five-year survival is 80—90% in patients with
early-stage compared with 25% for patients with advanced stage.
Therefore, early screening for Ov Ca increases survival among
patients (Alexandrova et af, 2020).

Gene amplification and an increase in the DNA copy number of a
chromosomal segment often lead to an increase in oncogene
expression in many human cancers (Li er a/, 2017). There is frequent
amplification at the segment overlapped by WANK7 (Chr12p13.33)
with concordant mRNA overexpression in many Ov Ca cell lines.
Members of the WNK family have been shown to modulate MAPK
signalling. WNKT7 activates the ERK5-MAP kinase (MAPK) cascade in
addition to the regulatory role of the TGF-B-Smad signalling cascade
(B. H. Lee er al, 2007). Phosphatidylinositol 3-kinase PI3K-activating
hormones phosphorylate WNK7 by AKT1 and SGK1 (Cheng and
Huang, 2011). Transient transfection studies of WANKT7 revealed that
overexpression of WNK7 leads to the activation of ERK5 (Wang and
Tournier, 2006). Many studies emphasise that WANKT7 functions as a
MAP4K in the MAPK pathways (Sun er af, 2006). £YAZis a co-factor
for the S/X7 gene that induces TGF—B signalling to activate the
epithelial-mesenchymal transition as well as stimulate metastasis
(Blevins er al, 2015). MAPK positively regulates £VYA
EGFR/RAS/MAPK signalling phosphorylates £¥4 as a downstream,
and the two MAPK phosphorylation sites detected in £¥A positively
standardise £YAactivity in vivo (Tootle era/, 2003). The activation of
RAS/MAPK can potentiate £¥A-mediated transactivation, whereby in
the absence of RAS/MAPK signalling, it can trigger some
transcription. However, when the signal occurs, this function is
potentiated such that target genes may be activated to advanced
levels. An alternative role for RAS/MAPK is to grant more activation
potential to £¥A to overwhelm the negative regulation of specific
target genes (Silver er a/, 2003).

Our study may present comprehensive data assembled to our
knowledge; however, there are potential limitations. The sample size
is small, so it is necessary to apply the same study outline to a larger
sample size to confirm our association analysis for ovarian cancer.
Furthermore, although using peripheral blood samples and cell lines

allows the analysis of the germline, tissue samples from the same
patients could strengthen the results. The tissue samples in this study,
however, had intrinsic noise, which led to unreliable results.

To summarise, preliminary evidence for CNVs in two potential
oncogenes (WNKT and FYA2) using Affymetrix SNP 6.0 arrays was
found and was associated significantly with high-grade Ov Ca cases.
This may confer risk to Ov Ca that needs extended study on a bigger
sample size to confirm the association analysis.

5. Conclusion

There is evidence of cross-talk between the WNK7 and £FYA2 genes
and the MAPK signalling pathways, which is a common ovarian
carcinogenic pathway detected in many reports. The detected CNV
genes might not be the aetiology, but they may overlap WNK7 and
EYAZ, which share the same pathway. The potential diagnostic and
therapeutic values of these genes may help in early diagnosis and
proper management to minimise the high mortality rate of this
disease. Ovarian carcinomas are associated with copy number gains
at the segments of DNA overlapping WNK7 and EYAZ. This may
support the hypothesis that both WNA7and £YAZhave an oncogenic
effect on ovaries. The copy number gain of the WANKT7 gene is
associated with a higher expression of mRNA.

6. Recommendations

Applying the same study outline in a bigger sample size to confirm the
association analysis of ovarian cancer is recommended. Performing
functional analysis of WNK7 and £YA2 on ovarian cancer cell lines
(overexpression and knocking down) will explore the effect of gene
overexpression on cell proliferation or division and will knock down
the same genes by comparing the effect on cells.
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ABSTRACT

This study aims to identify the extent to which COVID-19 impacted Egyptian imports. It includes two main sections. The first section identifies the repercussions
of COVID-19 on some global and local economic indicators — especially the recession that most of the world’s economies are experiencing in light of the
continuing COVID-19 outbreaks. The Egyptian economy achieved a general growth rate in 2020, at a time when the entire world was experiencing economic
stagnation; this was due to the Egyptian government’s set of measures and a lack of direction towards a complete closure. The second part examines demand
determinants for Egyptian imports of meat, dairy, oils, cereals, sugar and wheat using ARDL models according to the bounds testing approach to cointegration.
This was accomplished by studying the extent to which dependent variables have a long-term equilibrium relationship, as well as the value of imports with lag
periods, gross domestic products, relative prices, effective real exchange rates, liberalisation policies, COVID-19 effects on imports and forecasting demand for
Egyptian imports.
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1. Introduction

The coronavirus ‘COVID-19" outbreak occurred globally in several
waves. Because most countries implemented ban, closure and social
distancing policies to confront the virus's spread on a human level,
the repercussions of that crisis included the financial, economic,
social and human fields. Many economic sectors, such as tourism and
aviation, were also negatively affected. Other sectors, such as the
digital economy and the manufacture of medicines and masks,
nonetheless, achieved many gains. In addition, the environment
benefitted directly from the suspension of thousands of factories that
used fossil fuels, resulting in a decline in carbon dioxide (CO,)
emissions. Although COVID-19 containment measures abruptly
disrupted international merchandise trade and affected food trade
(Vickers er al, 2020), the Egyptian economy has proven resilient to
the immense human and financial costs caused by the global COVID-
19 pandemic. This is explained by the successful implementation of
the economic reform programme since 2016, which has provided
more fiscal space to withstand the adverse impact of the COVID-19
crisis. In addition, the Egyptian government’s rapid response and
proactive measures to limit the virus's impact, which have been
implemented since March 2020, enabled the country to avoid a full
lockdown (IFPRI, 2020).

Despite this containment, the weak global trade during COVID-19 is
a major reason to reduce Egypt's exports. Furthermore, some
countries have taken protectionist trade measures, while others have
issued tenders for more purchases, and many major exporters have
imposed various forms of trade restrictions to increase local food
security. Therefore, this study intends to answer the following
questions: (1) What impact has the COVID-19 pandemic had on
Egypt's total imports, particularly meat, dairy, oils, grains and sugars,
as well as wheat imports? (2) Does the policy of economic
liberalisation have a positive or negative role in Egyptian foreign trade
during the COVID-19 pandemic, especially in meat, dairy, oils, cereal
and sugars, as well as wheat imports?

This research mainly aims to investigate the determinants of demand

for Egyptian imports from certain food groups in light of COVID-19,

through the following methods:

®  Recognising the repercussions of COVID-19 on some global and local
economic indicators.

®  Reviewing the Egyptian economic policies used to face the
repercussions of the spread of COVID-19.

(] Studying the short-term impact of the value of imports of some studied
food groups with a lag period, gross domestic product, relative prices,
effective real exchange rates, liberalisation policy and COVID-19.

(] Investigating the extent to which the studied variables in the total
import demand model and the demand models for each of the groups
— meat, dairy, oils, grains, wheat and sugar — have a stable long-term
relationship.

®  Forecasting demand for Egyptian imports from certain studied food
groups.

2. Materials and Methods

2.1. Research Method:

The unit root test of the augmented Dickey—Fuller Test was
conducted using the following equations:

- AY, =yY,_, + Zle(@AYt_j) +e,— Hy;y=0, Hy;y<0->
without intercept(n,,)
- AY, = HyY o, + Z?zl(éjAYt_j) +e, = Hy;v=0, Hy;y <
0 — with intercept(n,)
- A, =Bt +yY + 3T (8AY, ;) +e. = Hy;y =0,
Hy ;¥ < 0 — with trend and intercept (n,1)
It was found that some of the studied variables were stationary at level
and others with first difference. Therefore, the autoregressive
distributed lag [ARDL (p, )] approach and the unrestricted equilibrium
correction model (ARDL-UECM) were both used in order to show the
equilibrium relationship of the determinants of demand for Egyptian
imports. Particular attention was given to imports of certain food
groups in the short and long term, and the elasticity of short and long
term was estimated by using economic theory in terms of acceptance
and interpretation of the results.

The determinants of import demand from some food groups were
studied using the bound test from January 2010—April 2021
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according to the World Trade Classification (CAPMAS Statistical and
UN Comtrade databases).

The following are the estimated model variables (Rihan, 2021; AMIS,
2020; Vickers er al, 2020; Aljebrin, 2012):

Ye = F(Ye—p) T RGDP(t_q1) T Pallit_q2) T REER(1_g3)
T Dex(t_q4) T DClg(t_qs) l)
YM; 1= F(YM(_py T RGDP(_qq) T Pmeat(_q2)
T REER (t_q3) T DeX(t—qay T DC19(_gs) {)
YDt T= T(YD(t_p) T RGDP(t_ql) T Pdairy(t_qz) T REER(t_q3)
T DeX(t—qay T DC19(—gs) L)
YO, 1= F(YO(—p) T RGDP(_q1) T Poilst_qz) T REER (r_q3)
T Dex(t_q4) T DClg(t_qs) l)
YC; 1= F(YC(t—p) T RGDP(r_q1) T Pcereals_qz)
T REER (t—q3) T DeX(—qay T DC19(_gs) {)
YWH, 7= F(YWH—p) T RGDP(;_q1) T Pcereals_q2)
T REER (t—q3) T DeX(t—qay T DC19(_gs) {)
YS 1= F(YSe—py T RGDP(r_q1) T Psugar_qz2) T REER(t—g3)
T DEX(t_q4) T DClg(t_q5) l)

Where:

Y, ; The total value of Egyptian imports in million dollars.

YM, ; The value of Egyptian imports of meat.

YD, ; The value of Egyptian imports of dairy products.

YO, ; The value of Egyptian imports of oils.

YC, ; The value of Egyptian imports of cereals.

YWh, ; The value of Egyptian imports of wheat and meslin.

YS, ; The value of Egyptian imports of sugars.

RGDP, ; GDP in millions of dollars at constant prices (2015 =
100).

Pall, ; Relative prices (world price index/consumer price index

in Egypt) (2015 =100).

Pmeat, ; The relative prices of meat.

Pdairy, ; The relative prices of milk.

Poils, ; The relative prices of oils.

Pcereals; The relative prices of cereals.

Psugar, ; The relative prices of sugars.

REER38,; Effective real exchange rate for trading partners.

; Dummy variable that expresses the liberalisation of the
exchange rate for the local currency.

Dc19, ;Dummy variable that expresses COVID-19.

Dex,

Based on the results in Table 1, the ARDL (p, q) has been applied as
proposed by Pesaran er al (2001) by using the bounds testing
approach to cointegration to estimate the long- and short-term
elasticity; based on the study variables, the ARDL models (p, q1, q2,
... qn) can be estimated using the following formulas:

InY, = By + myInY,_; + m,InRGDP,_; + mzInPall;_; + m4InREER_4
P
+ msDex¢_q + mgDC19,_; + Z YiAlnY,_;
i=1

q1 qz
n Z 5,AInRGDP,_; + Z 8,AlnPall,_;
:1:31 ‘&:1:41
+ Z 5;AINREER,_; + Z 5,ADex,_;
i=1 i=1

q5
+ 85ADC19;_; + & — Total Import Model
i=1
InYM, = B¢ + m;InYM_; + m,InRGDP,_; + mzIlnPmeat,_; + m,InREER_,

P
+ mgDex_; + mgDC19;_; + Z YiAInYM,_;
i=1

ql q2

+ Z 5,AInRGDP,_; + ) 8,AlnPmeat,_;
i=1 i=1
4

a3 q
+ 83AINREER_; + 8,ADex i
i=1 i=1
q5
+ 85ADC19;_; + & — Meat Model
1

i=

InYD, = By + myInYDy_; + m,InRGDP,_; + mzInPdairy,_; + m4InREER,_;
p
+ mgDex,_; + mDC19,_; + Z YVAInYD,_;
a1 @ i=1
+3" 5,AInRGDP,_; + Z 8,AlnPdairy,_;
i=1 i=1

q3 q4
+ S§3AINREER_; + 8,ADex_;
i=1

i=1 i=
q5
¥ Z 85ADC19,_; + & — Dairy Model
i=1
InYO, = By + m;InYO¢_; + m,InRGDP,_; + m3lnPoils;_; + m4InREER;_;
p
+ mgDex¢_y + mgDC19¢—1 + Z YiAInYO,_;
i=1

ql q2
n Z 5, AInRGDP,_; + Z 8,AlnPoils,_;
i=1 i=1

q3 q4
n Z 853AINREER,_; + > 8,ADex,_;
i=1 i=1

i=
q5
+ 85ADC19;_; + & — Oils Model
i=1
InYC, = B¢ + myInYC;_; + m,InRGDP,_; + m3lnPcereals,_; + m4InREER_,

P
+ mgDex,_; + MgDC19,_; + Z YViAInYC,_,
a1 b i=1
+ 8;AInRGDP,_; + §,AlnPcereals,_;
i=1 i=

@ a
+) 8,AINREER,_; + Z 5,ADex,_;
i=1

i=1
q5

+ Z 85ADC19;_; + & — Cereals Model
i=1

InYWH, = By + m;InYWH_; + m,InRGDP,_; + msInPcereals;_;

+ myInREER_; + msDex_; + mgDC19;_;
P ql

+ Z YiAInYWH,_; + 8, AINRGDP,._;
i=1

i=1

q2 q3
+ Z §,AInPcereals,_; + Z 83AInREER,_;
i=1 i=1

q4 q5
+Y 8,ADex,; + Z 8sADC19,_; + &
i=1 i=1
— Wheat Model
InYS; = B¢ + myInYS,_; + m,InRGDP;_; + m3InPsugar,_; + m4nREER,_,

P
+ mgDex,_; + MgDC19,_; + Z YViAInYS,_;
q1 q2 =
+ 8;AInRGDP,_; + §,AlnPsugar_;
i=1 i=1

q3 q4
+) 8,AINREER,_; + Z 5,ADex,_;
i=1

i=1
q5
+ Z 85ADC19;_; + € — Sugar Model
i=1

Where BD expresses the intercept parameter; € represents the
random error term; T(; denotes the long-term coefficients; Y, 61 stand
for the short-term coefficients; and the long-term effect of the
variable InRGDP,.,, for example, is [— Tty /Tt1 ], as the short-term
effect of the real GDP variable is the first difference coefficient 814
The ARDL-UECM models were estimated using the following
formulas:
AlnY; = By + 8,AINRGDP, + 8,AlnPall, + 8;AInREER, + 8,ADex, + 85ADC19,

+ YECT,_,
AlnYM, = By + 8;AInRGDP; + §,AlnPmeat, + 8§3AInNREER; + §,ADex;

+ 85ADC19, + WECT,_,
AlnYD, = By + &; AInRGDP, + 8,AlnPdairy, + §3AInREER; + §,ADex;

+ 85ADC19, + YECT,_,
AlnY O, = B¢ + 6;AInRGDP, + 6,AlnPoils; + 63AINREER; + §,ADex,

+ 85ADC19, + WECT,_,
AlnYC, = By + 8;AInRGDP, + §,AlnPcereals; + 63AINREER; + §,ADex,

+ 85ADC19, + YECT,_,
AlnYWH = By + 8;AInRGDP; + §,AInPcereals; + §3AInNREER; + §,ADex;

+ 85ADC19, + YECT;_,
AlnYS, = By + 8;AInRGDP; + §,AInPsugar; + §3AInREER; + §,ADex;

+ 85ADC19, + WECT,_,
Since ECT,, expresses the error-correction limit, { represents the

speed of the correction, and the most significant statistical formula
that is consistent with economic logic and with different lag periods
has been reached, the model formula ARDL (p, q) is appropriate via
the lowest value of information criteria, such as AIC, SC and HQ.
According to the boundary test, the F-distribution is non-standard,
where the two critical values are taken from the Pesaran table.

It had predicted according to the parameters estimated from the
cointegration models, as well as the forecast based on the seasonality
of demand using SARIMA, where the time series can be clarified
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{Z.|t = 1,2, ..., k} with the SARIMA(p,d,q)(P,D,Q)s model and
mean y, as well as with the Box—Jenkins model (Abdel Rahman,
2002), as shown below:

<I>(BS)¢(B)(1 - B (1 =B (Y, —p) = 9(35)«9(3)& - SARIMA(p,d,q)(P, D, Q)s

@(B) =1-¢,B—@,B>—-—,B” Polynomials of the order p
Seasonal AR ®(BS)=1-®,BS -, BZS Polynomials of the order P
— ®,B"
MA 6(B) =1-6,B—0,B*—---—6,B%  Polynomials of the order g
Seasonal MA 0(B5) =1-0,B5 —0,B% — Polynomials of the order Q
— OQBQS
14 :Non-seasonal AR model rank P : Seasonal AR Model Rank
d : Non-seasonal integration (number of D : Seasonal integration (number of
differences) seasonal differences)
q : Non-seasonal MA model rank Q : Seasonal MA model rank
S : Period of seasonal pattern recurrence Y; :actual time series data during
equal to 12 for monthly data period t
B :lag factor
& Itis the white noise process under the hypothesis of £, ~WN (0, 32), and the root of

each (p(Z) =0, H(Z) = 0 must lie outside the unit circle.

2.2. Data:

Tosolve the above problem, this study uses macroeconomic indicator
data from the World Bank, the Organisation for Economic
Cooperation and Development and the Arab Monetary Fund. The
Egyptian economic policies implemented to confront the COVID-19
repercussions from 14 February 2020 to 20 December 2021 were
obtained through the Ministry of Planning and Economic
Development, IFPRI, Egypt and the World Trade Organization.

The data for the food groups studied from January 2010—April 2021
were related to joint integration models obtained from the Comtrade
database, the Food and Agriculture Organization of the United
Nations (FAO), the Central Agency for Public Mobilisation and
Statistics, the Bruegel database, the UNCTAD and other relevant
studies.

3. Literature Review

3.1. The Impact of COVID-19 on Some Global
Macroeconomic Indicators:

The pandemic is causing massive economic disruptions at the
international level through concurrent shocks, including decreased
domestic and external demand, lower oil prices, disruptions in trade
and global value chains and tightened financial conditions due to
lower global demand. Commodity prices fell; the Egyptian economy
stumbled as a result of the Egyptian government’s rapid response and
proactive measures to limit the virus's impact, which were
implemented in March 2020 (IFPRI, 2022).

3.1.1. GDP Growth Responses at the Global Economy Level During
the COVID-19 Pandemic

The global economy witnessed a recession during the emergence of
COVID-19 — the ‘deepest global recession’ since World War Il — with
the contraction rate reaching about 3.5% in 2020. However,
economists expect a strong recovery in economic growth. The World
Bank anticipates that in 2021 the economy will expand by about
5.6% at the global level, and about 5.4% in advanced economies,
while the International Monetary Fund (IMF, 2021), expects the
global economy will grow by 5.9% and 4.9% in 2021 and 2022,
respectively. In addition, the global recession’s economic impact will
largely occur in emerging markets and other developing countries
that depend on global trade, tourism and remittances from abroad
(World Bank, 2021; 2022; Figure 1).

Figure 1: The evolution of the recession state that most of the world's economies are experiencing in
light of the continuing COVID-19 outbreak in comparison to the Egyptian economy from 2000—2023.

====~ | —===Egypy ArabRep. —m—World

Source (data collected and calculated):

- www.worldbank.org

- World Bank (2021) Global Economic Prospects, Washington, DC, World Bank.
https://doi.org/10.1596/978-1-4648-1665-9

In this context, World Bank experts (World Bank, 2021; 2022) believe
that there are two scenarios for global economic growth beyond
2021. The first is a ‘faltering recovery’, in which the global economy
slows in response to the possibility of another COVID-19 outbreak,
leading to increasing inflationary pressures and a sharp tightening in
global financial conditions over the next two years. The second
scenario is ‘sustainable expansion’, which simulates COVID-19
containment due to a vaccine and reopening, implying that current
signs of recovery may be fleeting and that policymakers must exploit
one of the current opportunities to implement reforms that enhance
economic growth.

The Fund also warns of the consequences of different paths of recovery
among countries based on vaccine availability. A rapid return to normal
economic activity is expected in advanced economies. The rise in
inflationary pressures is one of the most serious challenges facing both
advanced and developing economies (Arab Monetary Fund, 2021).
According to the Organisation for Economic Cooperation and
Development (OECD statistical databases), the global economy will
grow by 2.56% in 2021 and 4.458% in 2022. These expectations are
attributed to the global economy’s strong recovery as a result of
accommodative fiscal and monetary policies, as well as the steady
increase in the number of vaccinators. However, this recovery is
uneven, with several countries still facing various challenges that
threaten the recovery’s sustainability.

3.1.2. GDP Growth Responses at the Egyptian Economy Level During
the COVID-19 Pandemic

The Egyptian economy is an exceptional case during the emergence

of COVID-19. At a time when the rest of the world was experiencing
economic stagnation, the Egyptian economy grew in 2020, as shown
in Figure 1. However, Egypt's GDP growth rate in 2019 was about
5.6%, indicating that it still decreased by about 1.9% points in 2020
and 3.3% points in 2021, ending with 3.6% and 2.3%, respectively.
This is due to a set of measures implemented by the Egyptian
government to address the COVID-19 repercussions, which is a part
of the economic reforms that succeeded in confronting the crisis. The
stimulation of internal demand for goods and services, as well as the
lack of a trend towards complete closure also aided the country’s GDP
during the pandemic (Arab Monetary Fund, 2021).

In 2022, the World Bank (2021) expects the growth rate to increase to
about 4.5%, while the Arab Monetary Fund (2021) anticipates it to rise
to about 5.4%. This indicates an increase in the overall growth rate,
which could be due to arise in the number of vaccine recipients in Egypt
and the second phase of the structural economic reform programme.
The Egyptian government programme aimed at making all commercial,
agricultural, industrial and economic activities flexible, as well as the
possibility of increasing the number of tourists, as shown in Figure 1.

3.1.3. World Trade Volume in Relation to Egyptian Trade

The global health crisis caused by the COVID-19 outbreak has had
severe repercussions on the level of economic activity (International

Monetary Fund, 2020), with general bans and widespread closures
being implemented to slow the spread of the virus. Ninety-three
countries applied temporary export measures, while 105 countries
implemented temporary import measures to facilitate access to
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essential medical supplies or food (International Trade Centre, 2020).

Consequently, world exports and imports were affected by the
COVID-19 outbreak and the closure of borders between some
countries, including China, the European Union and the United
States, as shown in Figure 2. In 2020, The World Trade Organization
expected a 13% to 32% decline in commodities in global trade due to
the pandemic. In 2021, international trade was expected to recover at
rates ranging from 21% to 24%, and the state adopted appropriate
policies to support it and controlled the rates of disease outbreaks by
receiving vaccines (International Monetary Fund, 2020).

In 2022, a relative recovery of the international trade exchange was
expected (Arab Monetary Fund, 2021; International Monetary Fund,
2021), including at the level of merchandise trade or some services
trade activities, as a result of increased levels of flexibility in global
supply chains, the benefits of digital transformation in trade
exchange processes and the liberalisation of international trade
flows. Countries with an increasing share of tourism and travel in
GDP are expected to witness a significant decline, with travel
restrictions and ongoing fears of contagion likely to affect tourism
activity.

Figure 2: The global and Egyptian trade movement in light of the COVID-19 outbreak.
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At the local level, the Information and Decision Support Centre
(2021) indicated that Egypt's five largest trading partners account for
41% of Egyptian imports in 2020, with China in the lead with about
18%, followed by America, Germany, ltaly and Turkey at 7%, 6%, 5%
and 5%, respectively. However, the volume of Egypt's non-oil imports
from China fell to $11.6 billion in 2020, compared to $12.4 billion in
2019. In terms of Egyptian exports, the United Arab Emirates (UAE),
Saudi Arabia, Turkey, America and ltaly accounted for 35% of themin
2020. Also, Egypt's non-oil exports to the UAE increased by about
$2.9 billion in 2020, compared to $2.1 billion in 2019.

3.2. Egypt’s COVID-19 Economic Policy Responses in
Comparison:

Despite the Egyptian government’s ban and social distancing
measures, certain economic policies were needed to withstand the
repercussions of the COVID-19 outbreak from 14 February 2020 to
20 December 2021 (IFPRI, 2022; Ministry of Planning and Economic
Development, 2021; World Trade Organization, 2021):

3.2.1. Implemented Egyptian Trade Policies

The Egyptian government has banned the export of pulses twice, the
first was on 28 March 2020, and the second was in October 2020,
each of which lasted for three months. To achieve self-sufficiency in
strategic food products, the import of white sugar was banned for
three months to protect the local industry from fluctuations in
international sugar prices.

The Egyptian government has changed the policies of import tenders
for wheat, in which suppliers, starting on 3 April 2020, were required
to replace any shipments affected by COVID-19 transport restrictions
with wheat from another location and bear the cost. A shipment of
wheat that had already been sold to an Egyptian buyer was
suspended by Romania, due to its ban on grain exports to countries
outside the European Union, including Egypt.

3.2.2. Some of the Implemented Egyptian Fiscal and Monetary
Policies

The Central Bank of Egypt implemented two policies. The first
focused on expanding investment opportunities to relieve expected
pressures on the currency by issuing certificates of deposits at a new
rate of 15% for one year. The second centred on the reduction in
interest rates, which resulted in a 3% drop in borrowing rates to
stimulate industries and increase demand.

In conjunction with the state’s monetary policy, on 15 March 2020,
the Central Bank and the Prime Ministry implemented a set of fiscal
policies directed to private companies in the form of financial
support, without specifying a time for these policies to end, as well as
rural income assistance. They aided Egyptian farmers by extending
the moratorium on agricultural land taxation for two years and
deferring the payment of farmers' debts for six months. The wheat
price was set at 700 pounds/ardab (1 ardab = 155 kg) to support
farmers and increase wheat reserves, covering seven months.

4. Results and Discussion

4.1. Demand Determinants for Some Egyptian Food
Imports in Light of COVID-19:

4.1.1. Unit Root Test Results (Augmented Dickey—Fuller Test)

The unit root was tested to determine the cointegration rank
(Shrestha and Chowdhury, 2005) of the previously described models’
studied variables and choose the analysis method. If all variables are
stationary at level, the OLS—VAR method is used, but if all the
variables are un-stationary at level, the VECM method or the causality
test is used. Moreover, if some of the variables are stationary at level
and the others with first difference, the ARDL models are used (Table

1).

Table 1: Unit root test of the determinants of Egyptian food import demand during the COVID-19
pandemic from January 2020 — April 2021 using the augmented Dickey—Fuller test. The results of
first differences.

variable Intercepr(T)y,) Trend and intercept (1) ;,¢) B
Test statistic AlC Test statistic AlC

Y. (-12.64)%** 1572 (-12.61)%** 15.73 1(1)
Y™, (GPEB ki 958 (EPRPI i 959 1D
D, 4437 793 14357 754 @)
YO, 19467 | 10.17 19397 1019 1)
YT, 0397 | 1185 10367 187 @)
YWh, 11497 | 1268 1537 1269 M)
Ys, A7.05)7% 973 (17,01 074 ()
RGDP, [T518)%* | 1904 47577 1906 Q)
Pal, 7667 295 763 293 Q)
Plood; (O kil 352 (25 357 @)
Pmeat, 0447 | 415 05277 715 ©)
Pdairy, (8997 350 01 349 @)
Poils, 8267 366 827 268 ©)
Peereals, 777 294 0757 292 @)
Psugar, T8 54 6437 9% ©)
REER38, 0287 571 102477 573 @)

Notes: ***,** and * denote significance at 1%, 5% and 10% levels, respectively.
Criticalvalues  10% 5% 1%

Withconst (n=135): -2.578 -2.883 -3.479

Withconst & time (n =135): -3.147 -3.444 -4.027
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Source: Authors’ results were obtained using the EViews9.5 econometrics package.

Table 1 shows the unit root test results (using the augmented
Dickey—Fuller test), highlighting the stationarity of some study
variables after obtaining the first differences. In the Egyptian Total
Imports model, some independent variables (ie. RGDP, Pall,
REER38,) were non-stationary at level but stationary in the first
differential, integrated at order one [l (1)]. Moreover, in the meat
group model, some independent variables (i.e. RGDP, Pmeat,
REER38,) were non-stationary at level but stationary in the first
differential. In the dairy group model, some independent variables
(i.e. RGDP, Pdairy, REER38,) were also non-stationary at level but
stationary in the first differential. Similarly, in the oil group model,
several of the independentvariables (i.e. RGDP, Poils, REER38,) were
non-stationary at level but stationary in the first differential.

With the cereal and wheat models, the independent variables RGDP,,
Pcereals, and REER38, were found to be non-stationary at level but
stationary in the first differential. It was also found that in the sugar
model, the independent variables RGDP,, Psugar, and REER38, were
non-stationary at level but were stationary in the first differential.
Therefore, one of the solutions to the series” instability is to take the
difference.

4.1.2. Discussing the Results of the Estimated Models

Table 2 shows that the explanatory variables studied (i.e. the value of
imports with a lag period, GDP, relative prices, the effective real
exchange rate, the liberation policy and COVID-19) explain about
46% of the changes in the total demand for Egyptian imports. This
percentage improved at the level of the meat group and dairy models,
while it decreased at the level of the cereals group. This required
studying the demand for wheat alone, without the other cereals,
resulting in a high interpretation rate of about 92%.

It was found that the error correction limit coefficient was negative
and statistically significant for the studied models. This means that
the determinants of demand for total Egyptian imports and the
imports of the studied food groups cointegrate when the value of
imports is a dependent variable; this effect is supported in short- and
long-term dynamic models (Table 2).

Furthermore, the estimated intercept parameter of the two models of
demand for meat and sugar imports was found to be positive,
indicating that there is a part of the import at the level of those two
groups that does not depend on the studied factors, particularly
consumer response to import prices. This may be due to the
seasonality of demand for meat during Eid al-Adha and for sugar
during the holy month of Ramadan each year. In addition, the state’s
support for some imported food groups obscures the consumers’ real
demand for sugar in response to prices, especially wheat, which
accounts for the largest share of the Egyptian food import basket
(Table 2).

It was also revealed that the explanatory variables studied were
integrated at a significant level of 1%. The F-statistic value was greater
than the critical values for the corresponding upper bound at the 1%
level of significance for each of the total imports of meat, dairy, oil,
cereals and sugar, while there is a cointegration between the studied
variable of wheat demand at a significant level of 5%. This means that
there is a long-term equilibrium relationship between the variables
studied in those models (Table 2).

4.2. Discussion of the Results in Relation to the Estimated
Variables:
4.2.1.Real GDP

The real GDP variable had a positive and statistically significant
impact on total Egyptian imports in both the short and long term.

According to economic theory, an increase in real GDP always leads
to an increase in import level, as the coefficient of elasticity was about
1.11and 1.77 in the short and long term, respectively (Table 2).

For the studied food group, the impact of the real GDP variable on
dairy, oils, cereals and wheat imports was positive. However, it was
notsignificant at the level of the wheat model alone. A 1% increase in
real GDP will result in an increase in dairy, oils, cereals and wheat
imports by 3.58%, 10.04%, 1.63% and 0.26% in the short term, and
about 7.31%, 7.73%, 2.33% and 2.4% in the long term, respectively.
In contrast, a 1% increase in real GDP will lead to a decrease in meat
and sugar imports by 2.76% and 6.2% in the short term, and about
7.57% and 10.6% in the long term, respectively (Tables 2, 3 and 4).

4.2.2. Relative Prices

To obtain suitable time series for relative prices, the same base year
was used for the studied consumer price indices (2015 = 100), and
the index numbers for food groups were taken from the FAO data.
The relative prices (Monthly Bulletin of Statistics [MBS] Online) of the
demand model for total Egyptian imports were estimated by dividing
the world price index by the consumer price index in Egypt.
Moreover, the relative prices of the demand model for meat imports
were estimated by dividing the meat price index (taken from the FAO
data) by the consumer price index for the food and drink section of
Egypt (CAPMAS); a similar formula was employed for the rest of the
relative prices of the food group models studied.

The effect of relative prices on total Egyptian imports was positive in
the short and long term, with elasticity coefficients of 0.045 and
0.072, respectively, but it was statistically insignificant (Table 2).

At the food group level (Tables 2, 3 and 4), it was found that the
relative prices of dairy, oils, cereals and wheat had a positive and
statistically significant effect on their total imports in the long term,
with elasticity coefficients of 0.82, 1.53, 0.48 and 0.844, respectively.
Meanwhile, the relative prices of meat and sugar had a negative and
statistically significant effect on their total imports in the long term,
with elasticity coefficients of -2.74 and -1.33, respectively. This
means that imports of milk, oils, cereals and wheat are less sensitive
to price increases than imports of meat and sugar.

It was also discovered that the relative prices of meat, dairy, oils,
wheat and sugar had a negative impact on their total imports in the
short term, with elasticity coefficients of -0.35,-0.99,-0.63,-0.31 and
-0.78, respectively. This means that imports of these food groups are
more sensitive to price increases in the short term, but meat and oils
were statistically insignificant (Tables 2, 3 and 4).

Table 2: Cointegration estimation using the bound test for total, meat and dairy imports from
January 2020—April 2021.

D dent Var Totalimport, Ln(Y,) Meat import, Ln(YM,) Dairy import, Ln(YD,)
v Coef. t Coef. t Coef. t
ALn(RGDP,) T 2.80%%% 2.76 2.7 358 367
Kin(Pally 0.045 08716
ALn(Pmeat,) -035 -0.451
Ain(Pmeat, ) 172 2197
ALn(Pdairy,) -0.99 1.89% |
Aln(reer38) 0.68 3T EKH 2.36%%
ADex, -0.084 -1.77F -0.54 -2.5%F
ADc19, -0.152 -3.3FFF -0.158 -1.82% -0.04 -0.43
ETC,, -0.626 -7 4 -0.37 -5.5%FF -0.49 -6.5%%
Ln(RGDP)) 177 3.05%%F -7.57 -2.3%F 7.31 3.9%FF
Tn(Pally 0072 0820
Ln(Pmeat,) -2.74 -3.0%%
Tn(Pdairy) 082 757
Tn(reer38,) 788 37 0385 123
Dex, -0.133 -1.83% -1.10 -2.8%%F
DcT19, -0.24 -3.877%F -0.43 -1.92% -0.08 -0.43
C -13.75 -1.87% 9134 2.2%% -84.1 3T
R 0.46 0.696 0.4
F-statistic 24.037% 44 457FF 17.3%%%
Notes: ***,** and * denote significance at 1%, 5% and 10% levels, respectively.

F-bounds test = 10.46, 5.12, 6.88 for total, meat and dairy imports, respectively, Critical Value [I (1)] = 5.06
(1%), [1 (0)] =3.74 (1%)
Source: Authors’ results were obtained using the EViews9.5 econometrics package and Gretl

4.2.3. Effective Real Exchange Rate

Effective real exchange rates for 38 of Egypt’s trading partners were
obtained from Bruegel databases during the study period; since itis a

Ali, MH.G. and Ahmed, E.F.Y. (2022). Egyptian imports from food groups in light of COVID-19: An econometric study. The Scientific Journal of King Faisal University: Basic and Applied Sciences, 23(2), 20—7. DOI:
10.37575/b/agr/220017



25

case of depreciation of the local currency, the economic theory refers
to an increase in exports and a decrease in import volume. For this
reason, an overvaluation of the local currency can artificially make
imports less expensive when compared to locally exchangeable
products, increasing imports.

At the level of the studied food group (Table 2), the effective real
exchange rate had a positive and statistically significant effect on
meat imports in both the short and long term. This implies a
deterioration of the local currency value against a rise of the foreign
currency value as a result of higher demand for meatimports and the
consequent price increases. This is because the short- and long-term
elasticity were at about 0.68 and 1.88, respectively.

It was also found that the effective real exchange rate had a negative
impact on dairy, oils and wheat imports in the short and long term,
with elasticity coefficients of -1.15, -3.92 and -0.39 in the short term
and about -0.85, -0.49 and -0.65 in the long term, respectively.
However, it was statistically insignificant in the long term (Tables 2, 3
and 4).

4.2.4. The Impact of the Economic Reform Policy

Egypt's great dependence on global markets for food imports led to
high import costs; nonetheless, the macroeconomic situation has
significantly improved as a result of the immediate responses
implemented by the Egyptian government with the support of the
International Monetary Fund since November 2016 (Ali and Attala,
2021; USDA, 2020). Accordingly, it was necessary to include a
dummy variable in the studied models to express the economic
reform policy as one during the period (November 2016—April 2021)
and zero otherwise.

In the short term, the economic reform policy had a negative and
significant impact on total, dairy, oils and wheat imports. Their
elasticity coefficients were -0.084, -0.54, -2.07 and -0.20,
respectively. Moreover, the policy had a positive yet insignificant
effect on sugar imports, with an elasticity coefficient of 0.49 (Tables
2,3and 4).

In the long term, it was found that the economic reform policy had a
negative and significant impact on total and dairy imports, with
elasticity coefficients of -0.133 and -1.10, respectively. In addition,
the policy had a positive yet insignificant impact on imports of oils,
cereals, wheat and sugar, with elasticity coefficients of 0.219, 0.10,
0.24 and 0.84, respectively (Tables 2, 3 and 4).

4.2.5. Impact of COVID-19

COVID-19-induced shocks (AMIS, 2020; USDA, 2020; Mohamed,
2015) began to affect food markets in April 2020. This led to a decline
in oil prices and a slowdown in feed demand. Also, despite sufficient

global supplies, many major exporters imposed various forms of
trade restrictions to increase domestic food security. Accordingly, a
dummy variable was introduced in the studied models to express the
impact of COVID-19 on Egyptian imports, especially food groups,
with a value of one during the period (March 2020—April 2021) and
zero otherwise.

According to the estimates (Tables 2, 3 and 4), COVID-19 had a
negative impact on total Egyptian imports and all the studied
imported food groups. The elasticity coefficients for total, meat, dairy,
oil, cereal, wheat and sugar imports were -0.152,-0.158, -0.04,-0.33,
0.088,-0.01and 0.71, respectively, in the short term. In the long term,
these were about -0.24, -0.43, -0.08, -0.62, -0.125, 0.08, and -1.2,
respectively. This shows the significance of total Egyptian, meat, oil
and sugar imports.

Table 3: Cointegration estimation for oil and sugar imports using the bound test during the period
(January 2020—April 2021).
D dent Var Oils import, Ln(YO,) Sugar import, Ln(YS,)
" Coef. [ t Coef. [ t
ALn(RGDPY 1041 [ 275 %2 [ 265

An(Poils) 063 083
Aln(Psugar) 078 T
Aln(reer38) 392 2
ADex, -2.07 -1.97% 0.49 1.59
ADc19, -0.33 -1.7% -0.71 -2.4%%
ETC,, -0.54 -6.85% -0.59 -7 A
Th(RGDPy 773 73 106 5
Tn(Porls) T53 T5FF
Ln(Psugar,) 133 2. TFF
[n(reer38,) -0.49 037
Dex, 0.219 0.286 0.84 1.63
DcT19, -0.62 1.7% 1.2 -2.6%F
C -91.1 2.7 138 2. 7%
R 045 042
F-statistic 7 947 18.5%%%
F-Bounds Test 8.02%%% TTA27F
Critical Value [1(1)] = 4.68 (1%), [1 (0)] = 3.41 (1%) [1(1)] = 5.06 (1%), [1 (0)] = 3.74 (1%)
Notes: ***,** and * denote significance at 1%, 5% and 10% level, respectively.

Source: Authors’ results were obtained using the EViews9.5 econometrics package and Gretl.

Table 4: Cointegration estimation for cereal and wheat imports using the bound test during the
period (January 2020—April 2021).

b dent V. Cereal import, Ln(YC,) Wheat import, Ln(YWh,)
g ar Coef. t Coef. t
ALn(Pcereals) 0337 203 031 3
Aln(reer38) 039 2
ADex, 0.07 0.786 -0.20 -1.9%
ADex., 0,09 9%
ADc19, -0.088 -0.95 -0.01 -0.47
e, 070 g3 KR} 305F
Tn(RGDP,) 733 2067 px T29
Ln(Pcereals,) 0.48 2717 0.844 2.77F%
Ln(reer38) -0.65 -0.97
Dex, 0.10 0.786 0.24 0.603
DcT9, -0.125 -0.97 -0.08 -0.47
C =237 -1.66 -19.4 -0.90
R 0.19 0922
F-statistic 6127 145.4%%
F-Bounds Test 13937 43T
Critical Value [1(1)]=5.06 (1%), [1 (0)] = 3.74 (1%) [1(1)]=3.79 (5%), [1 (0)] = 2.62 (5%)

Notes: ***,** and * denote significance at 1%, 5% and 10% levels, respectively.
Source: Authors’ results were obtained using the EViews9.5 econometrics package and Gretl.

4.3. Expected Demand for Egyptian Imports from Specific
Food Groups:

Forecasting the value of Egyptian imports from some of the studied
food groups during the period (January 2022—December 2023) can
be studied using parameters estimated from ARDL models, as well as
forecasting based on demand seasonality using SARIMA models. The
following are the prediction results (Tables 5 and 6):

(] Total Egyptian imports are expected to reach their lowest level during
April 2022 (about $5,643 million, compared to about $5,624 million
in April 2023). The maximum is expected in December 2022 with
about $6,608 million, compared to about $6,928 million in December
2023 (ARIMA(1.1.1)X(2.0.2);, ). The average is about $6,253
million per month in 2022, and about $6,429 million per month in
2023 (ARDL model).

®  According to the seasonality forecast, total Egyptian imports from the
meat group would reach a low in February 2022 at about $135.2
million, and a high of about $266.8 million in July 2022. The average
is about $77 million per month in 2022 and about $97.15 million per
month in 2023.

o According to the seasonal forecast, total Egyptian imports of the dairy
group would reach a low in October 2022 at about $26.7 million, and
a high of about $73.4 million in April 2022. The average is about
$119.3 million per month in 2022 and about $175 million per month
in 2023.

®  Atthe level of the total Egyptian imports of oils, the values estimated
from the ARDL model increased when compared to the prediction via
the ARIMA(2.0.0)X(2.1.2);, model. According to the seasonal
forecast, it would reach a low of about $30.7 million in December
2022, and a high of about $157 million in May 2022.

®  On the level of total Egyptian wheat imports, it has been found that
the best model that can be relied upon in future prediction is Brown's
linear exp.; thus, the total value of Egyptian imports is expected to
reach a minimum of $169.7 million in July 2022 and a maximum of
about $255.9 million in January 2023.

(] It was found that the total Egyptian imports of sugar would reach a
low of about $6.78 million in March 2023, and a high of about $38.9
million in September 2022. The expected average is about $41.4
million per month in 2022 and about $58.7 million per month in
2023.

Table 5: Forecasting the value of Egyptian meat, dairy and total imports in million dollars during the
period (January 2022—December 2023).

A iati thod TotalImports Meat Imports Dairy Imports

ppreciation metho ARDLF | SARIMA | ARDLF | SARIMA | ARDLF |
2022M0T 5002 5852 881 1518 861 796
2022M03 5268 53 px 1371 1059 671
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2022M05 6303 5987 73.0 166.3 118.9 725
2022M0 6298 6253 4.4 266.8 1258 50.4
2022M09 6280 6051 755 2288 128.8 388
2022M11 6271 6052 813 197.7 139.4 394
2023MOT 6420 5849 83.0 165.7 157.0 536
2023M03 6459 6632 838 1718 1675 676
2023M05 6442 6027 90.8 164.9 1738 66.6
2023M07 6439 6370 99.7 183.1 176.4 49.1
2023M09 6420 6175 103.9 197.3 1779 372
2023M10 6411 6411 109.5 175.6 173.4 312
2023M11 6398 6230 1143 184.4 1915 415
2023M12 6384 6928 123.4 145.4 195.1 50.1
Thail coef. 0.06 - 0.19 - 0.33 -
otice: -ARDL, F denote prediction using the ARDL Model according to the results in Table 2.

- SARIMA denotes prediction using seasonal ARIMA (SARIMA) models.
Source: Authors' results were obtained using the EViews9.5 econometrics package and STATGRAPHICS.

Table 6: Estimated value of Egyptian imports of oil, sugar, cereal and wheat in million dollars during
the period (January 2022—December 2023).

A P hod OilTmports Sugars Imports Wheat Imports’
ppreciation method [—ARDLF | SARIMA | ARDLF | SARIMA | ARDLF | SARIMA

2022MO1T 419.4 96.5 11.56 17.82 256.8 2216
2022M03 3710 1274 6.92 953 236.2 2354
2022M05 376.5 157.0 3211 15.95 2377 2369
2022M07 3704 773 4714 19.53 1726 169.7
2022M09 3522 80.0 7719 38.88 2264 2257
2022M11 3915 911 90.74 3395 2319 2312
2023MOT 5369 101.6 46.68 15.35 256.6 2559
2023M03 5212 1222 29.05 6.78 236.0 2354
2023M05 5421 1378 5494 13.06 2375 2369
2023M07 539.5 90.7 50.64 16.56 1724 169.7
2023M09 5284 782 94.89 3587 2263 2257
2023MT0 488.0 101.0 89.43 3223 2340 2335
2023M11 6185 96.8 87.67 3093 2317 2312
2023M12 658.2 49.8 60.77 2157 209.7 209.2
Thail coef. 0.50 - 0.38 - 0.08 -

otice: -ARDL, F denotes prediction using the ARDL Model according to the results in Tables 3 and 4.

- SARIMA denotes prediction using seasonal ARIMA (SARIMA) models.
Source: Authors' results were obtained using the EViews9.5 econometrics package and STATGRAPHICS.

5. Conclusion

The results are as follows:

®  When the demand for food commodities, especially wheat and
meslin, is studied separately from the demand for the rest of the cereal
group, the estimated results improve significantly.

®  Inaddition to the state’s support for some imported food groups, the
demand for the meat and sugar groups is due to the seasonality of
demand, making the consumer’s real demand for them in response to
prices unclear, especially wheat and meslin, which accounts for the
largest share of the Egyptian food import basket.

. An increase in real GDP always leads to a boost in import level.

. Importing meat, dairy, oils, wheat and sugar is more sensitive to price
increases in the short term.
. In the long term, importing milk, oils, cereal and wheat is less sensitive

to price increases than importing meat and sugar.
. COVID-19 had a negative impact on total Egyptian imports and all
imported food groups studied.
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ABSTRACT

The major problem facing the development of civil and military laser applications Ties in the attempts to obtain short pulses close to the Tength of the bond that
connects the atoms of certain materials. In this paper, an executable program has been constructed to simulate and analyze the generation of ultra-short free
electron laser pulses; it contains several parameters directing the creation of short pulses within a time duration of femtoseconds (fs). On analyzing the simulation
results, it can be concluded that it is possible to generate ultra-short pulses with a duration of about 7.4 — 87.4 fs with the storage ring free-electron laser Fabry—
Perot resonator with noticeably short wavelengths (11.4—190.2) for the output laser beam.
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1. Introduction

The number of laser applications is constantly increasing in the civil
and military fields due to the generation of very short-wavelength
laser beams. The fields in which these are used include nonlinear
optics, the spectroscopy of materials, medical treatment, the
destruction of military targets, plasma remote sensing, high-speed
photography, space, and astronomy (Haarlammert and Zacharias,
2009; Kamil and Al-Aish, 2022; Al-Aish and Jawad, 2017; Benson et
al, 2011; Varro, 2012).

Conventional laser oscillators have been used to create these ultra-
short pulses primarily using the mode-locked oscillation technique.
The pulse generated by this technique has a duration roughly the
inverse of the gain width. One of the first successful attempts to
generate ultrashort pulses was in 1986, using Ti:Sapphire as a
preferred gain medium with good beam quality and high output
power (Moulton, 1986).

However, due to the short bandwidth of the pulses, this technique
has fallen short of producing a series of short pulses in less than a
picosecond. Nonetheless, the gain spectrum width of a free electron
laser (FEL) is essentially very wide in contrast to that of most
conventional lasers, thus enabling a FEL to create ultra-short pulses.
The storage ring free-electron laser (SR-FEL) is a self-mode locked
optical system and represents a technique to produce a shorter-
wavelength beam laser (Varro, 2012; Hannon, 2008; Mahmood and
Al-Aish, 2020; Al-Aish, 2017; Kamil er a/, 2019).

In this paper, the undulator parameters have been altered to produce
short pulses at a femtosecond time duration with the Fabry—Perot
resonator. In contrast, the optical pulses of an SR-FEL are several
picoseconds, full width at half maximum.

2. The Technique and Implementation of
the Work

The ability of energy spread sources to prompt additional gain
broadening, homogeneously and non-homogeneously, should be
considered when designing a Fabry—Perot resonator for the FEL gain
medium. This will simultaneously lead to an increase in longitudinal

modes, besides those already present within the gain profile in the
ultra-short wavelength region, mainly owing to long cavity length.
These broadening effects significantly influence the small signal gain
and saturation intensity. The homogenous broadening () (as a
gain spectrum) is related to L, (the length of the undulator) and N;,
(the number of electron wavelengths), which can be written as

(=2 S

where @ is the angular frequency.

The number Ny is given by the equation below (Al-Aish and Kamil,
2022; Parvin et al, 1997; Mehravaran and Dorranian, 2010;
Kawamura eral, 1987):

Ny = A, 2)

where Lu is the length of the undulator and /1uis the wavelength of
an electron.

The nonhomogeneous broadening is due to energy spread €;of the
electron beam and emittance €; (i = x + ¥) asfollows (Parvin eral,
2012):

Es=40N, 3)
where 0 is the natural root-mean-square energy spread with values
ranging from 0.001-0.0001.

Fine alteration of pulse duration can be conducted by adjusting the
energy emittance €; of the storage ring, such that equal to zero is in
correspondence with fs duration and € equal to one is attributed to
the picosecond pulse length.

The emittance of the €; electron beam is one of the critical factors
concerning the storage ring for FEL operations. At relatively small
values of energy spread, the total broadening (Af)! » in an FEL for both

homogenous and nonhomogeneous effects can be written as (Parvin
eral,2012; Dattoli eral, 1993).

(A—w> = (A—w> /1 +e2+€2 “
W /total W /hom

The gain broadening corresponds to a greater number of longitudinal
modes, leading to shorter pulses and a significant reduction in the
output intensity. Absorption losses in SR-FEL are the main reason
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behind power growth and gain reduction. A small signal gain and
corresponding losses of the resonator are the basis of the FEL system.

The primary purpose of technology is to create a laser beam that has
high power with exceedingly small €;, broadening, and €;. The
generation of pulses of femtosecond duration, where one or
sometimes several pulses are circulating in the laser resonator, is
mainly achieved through the mode-locking technique. For passive Q
switching (self-Q switching), the losses are automatically modulated
with a saturable absorber. Modulation is responsible for the loss in
the resonator, which arises from the radiative damping of electron
energy in the undulator (Penzkofer, 1988).

The round-trip time T, of the resonator is equal to the inverse value
of the free spectral range (FSR) of the resonator (see Figure 1), which
is given by the equation (Parvin er al, 2012; Dattoli er al, 1993;
Penzkofer, 1988; Davis, 1996).
1 2L

T = — T — 5

" FSR ¢ ®
where L is the length of the Fabry—Perot resonator and C is the
velocity of light.
The number of the 11,4 is given by
Nmode = AUgain Tr (6)
where Avgq;y is the gain bandwidth. The duration of the mode-
locked pulses T can be written in the following equation:

Ty 1
T= = ™
Nmode A17gain
Figure 1: The round-trip time duration of the mode-locked pulses.
Optical Peak power
power

Time
The homogenous broadening (%u) , depends on the number of
undulator periods Ny, in the half-maXimum full width, and can be

written in the following equation:

2mc
Awpom = m (®
where A is the wavelength of the output laser.
a=2u (g i 9
o 2y2 2 ©)
- L 10
Y= meCZ ( )
eB iy
— 11
2T meC an

where y is the relativistic Lorentz factor, E, the electron beam
energy, m, the electron mass, § the magnetic field, and k the
undulator parameter (Dhedan eral, 2022; Ali et al, b2022; Al-Aish et
al, 2019).

The FEL comprises four main parts (electron gun, linear accelerator,
undulator, and Fabry—Perot resonator), as shown in Figure 2.

Figure 2: The four main parts of the FEL.
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The reflection of the output mirror R is given below (Davis, 1996):
R= 1-A-T (12)
where A is the absorption loss and T the transmittance of the output
mirror. It can be calculated by (Parvin eral, 2012):
AR[goL +1nR]
= — 13
1_R (13)

where g is the small signal gain per unit length, written by the equation
emittance (€; (i = x +y) = 0) (Parvin er al, 2012; Dattoli er al,
1993; Penzkofer, 1988; Davis, 1996; Dhedan eral, 2022 ):

B 16m k2 N, |
Ay Loy (\/1 +e§) 1+k%)

where [ is the current of the electron beam.

T

9o (14)

The gain and gain factor in the stimulated emission process is
considered small, so it is necessary to reduce all the causes of loss in
the laser device, including the loss caused by its absorption by the
resonator mirrors. Mirrors for the SR-FEL in ultrashort wavelength
must have high reflectivity and resistance against coherent photons.

Many layers of dielectric coatings with high reflectivity are used to
coatthe mirrors instead of metallic coatings (such as aluminum oxide,
hafnium oxide, and hybrid systems combining fluoride and oxide
materials) since dielectric coatings do not absorb light, and nearly
100% of the incident light becomes reflective without any loss.

These successive layers of thickness (1) are A/4, and successive
refractive indexes (high then low, as shown in Figure 3) are
successively deposited on the glass substrate. Because of the
difference in the phase that occurs at the point of contact of any two
layers, all the reflected rays are in one phase and interfere
constructively. Usually, more than twenty layers are used to obtain a
reflectivity of approximately 99.9% (Wieduwilt ez al, 2014; Zegadi et
al, 2022).

Figure 3: Successive refractive indexes (high, then low).
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The reflectivity of the reflected light in the case of a multi-layered
mirror is calculated as follows:

+1 -1
nd™ — nnf
R= (15)
nz - nn1

where n is the refractive index of the substrate, n; the high dielectric
layer refractive index, n, the low dielectric layer refractive index, and
q the number of layers.

While the reflectivity of the metal mirror is dependent on the density
of metal p (g/cm3) and the wavelength A (in micrometer) of the laser
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used, reflectivity is as follows:

R =100- 3.65\/? (16)
The mode-locked pulse duration T following a Lorentzian

distribution, is given by the equation (Parvin eral, 2012; Dattoli er al,
1993; Penzkofer, 1988; Davis, 1996; Kawamura er a/, 1987):

2.773 (/1 Ly, )

J1+€? chu

In the SR-FEL resonator, the pulses are equal to the round-trip time

a7

T =

T, This achieves the gain switching necessary to produce a series of
pulses, which requires a suitable gain broadening. When the
bunching frequency U is tuned to the FSR, the repetition time of the
pulse becomes equal to Tp..

1 c

—FSR=—=—
v T, 2L

(18)
3. Results and discussion of the
simulation

An executable program was constructed using Matlab 2019 software
(as shown in Figure 4) to simulate and analyze the generation of
shorter pulses of FEL. It contained several parameters to produce
shorter pulses of femtosecond duration.

Figure 4: The implementation of an executable program to produce shorter pulses in fs duration and
summary of the values of the optimum parameters for the FEL.
216514 ELOCITY OF = (m 308 uingm 2

1e8 3088826408

electronA, as a result of an increase in the wavelength values of the
output laser Aandk according to equations 9 and 11. It is also noted
thatatthe short wavelength of the resulting laser beam (A=11.4nm),
the gain gyis smaller compared to that at a longer wavelength A=
190.2 nm).

Figure 5-b shows the effect of changing the energy spread € on the
transmittance T. Where the relation is inverse according to equations
13 and14, a decrease in the value of the transmittance T due to an
increase in the energy spread Egvalue is noted. The effect is more
evident at higher values of electron wavelength A, resulting from an
increase in the gain values, and thus the transmittance T according to
equation 13.

Tables 2, 3, and 4 show the results of the simulation for the relation
between the energy spread € vs. the mode-locked pulse duration T,
the gain bandwidth Avgg;p,and the number of 1,54, when the
wavelength of the electron 4,is equal to 0.02,0.03, and 0.04.4.

Table 1: The simulation results for Es vs. T Avgain and nmode when Au=0.02m.

€ A, =0.02m 7, = 20ns L =3m
s 7(fs) BVgginS T Nmoge M
0.1 10.5218 95.0407 1.9008
0.2 70.3689 96.4419 1.9288
0.3 10.1283 98.733 19746
0.4 9.81797 101.854 2.0370
0.5 9.45792 105.731 21146
0.6 9.06737 110.286 2.2057
0.7 8.66279 115.436 2.3087
0.8 8.25713 121.108 2.4221
0.9 7.85980 127.230 2.5445
1 7.47715 133.741 2.6748

Table 2: The simulation results for Es vs. TAvgain and nmode when Au=0.03 m.
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[ 7y = 0.03m T, = 2015 L =3m

T(JS) MgqinS 1 Minode M

U] 758203 387297 0.7745
02 754452 393001 0.7850
03 248547 702338 08046
04 740932 715056 08301
05 23.209% 730856 08617
06 22512 329974 0.8958
07 272583 770403 09408
08 202629 793574 0.9870
09 19.2878 578462 T.0369
T T8.3488 544995 T.0899

Table 3: The simulation results for Es vs. TAvgain and nmode when Au=0.04 m.

Table 1 shows the results of the simulation for the relation between
the energy spread €; vs. the small signal gain gy and transmittance
T when the wavelength of the electron A,,is equal to 0.02, 0.03, and
0.04.

Table 1: The results of simulation for Egvs gg and T

T, =002 A= ITAmm T =005 A=4ZITam T =004 A = 1902 7im

€, k = 0422221 k = 0.654025 k= 4.01

o T Jo T Jo T

0.1 0.456403 0.0568732 3.80327 0.5087 10.2715 1.38791
02 | 0449776 0.0559785 3.74870 0.501252 70.1229 736185
0.3 0.439345 0.0545704 366124 0.489526 9.88896 1.33027
0.4 | 0425890 00527539 354921 0.474402 958717 728953
0.5 0.470280 0.0506466 3.41923 0.456855 9.23696 1.24225
0.6 | 0.393347 0.0483606 327821 0437817 8.85696 T.19095
0.7 0.375805 0.0459925 313272 0.478095 8.46318 113779
0.8 | 0358215 0.0436178 2.98562 0.398317 806822 T.08447
0.9 0.340986 0.0412919 2.84211 0.378944 7.68124 1.03223
1 0.324392 0.0390517 2.70389 0.360284 7.30844 0.981898

Figure 5-a shows the effect of changing the energy spread € on the
small signal gain g, which has an inverse relationship according to
equation 14. A decrease in the value of the small signal gain g, due
to increasing values of the energy spread €; is noted. This effect
becomes more evident at high values of the electron wavelengthA,,.
This is due to a decrease in the number N, values according to
equation 2 and a decrease in the homogenous broadening ()
according to equation 8. All these decrease the average number of
coherent photons resulting from the passage of accelerated electrons
through the f magnetic field.

Table 1 shows an increase in the value of the wavelength of the

€5 A, = 0.04m T, = 20ns L =3m

T(fS) Al7aain5 T Tinode M

0.1 87.4701 11.4325 0.2286
0.2 86.1993 T1.601 0.2320
03 84.1991 T1.8766 0.2375
0.4 816101 12252 0.2450
05 786259 T2.7185 0.2543
0.6 753791 T3.2663 0.2653
0.7 720157 T3.8859 0.2777
0.8 68.6434 14568 0.2913
0.9 65.3403 153045 0.3060
T 62.1502 T6.0877 03217

Figure 5-c shows the effect of changing the energy spread € on the
pulse duration 7. Where the relation is inverse according to equation
17, there is a decrease in the value of the pulse duration 7 as a result
of an increase in the energy spread €gvalue. The effect is more
evident at high values of the electron wavelength A, where short
pulses between 7 =7.47715fs and T =87.4701fs are
generated by the Fabry—Perot resonator.

Figure 5-d and Figure 5-e show the effect of changing the energy
spread €; on the gain bandwidth Avg,;, and the number of
Nyode When the wavelength of the electron A,,is equal to 0.02, 0.03,
and 0.04. Where a direct relation is present according to equations 7,
14, and 17, there is an increase in the values of the gain bandwidth
Avgqin and the number of Nyoqe as a result of increasing energy
spread Egvalues. The effect is more evident at high values of electron
wavelength/,,.
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Figure 5: The effect of changing the energy spread € on the small signal gain g, transmittance T,

pulse duration T, gain bandwidth A‘llgm-" and number of M5 4e-
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Table 5: The simulation results for the relation between the length of
an ideal Fabry—Perot cavity L vs. the bunching frequency ¥ and the
round-trip time.

Table5: The results of simulation for Lvs.vand Tr.

L v(MHz) T,.(ns)
1 150 6.66
2 75 133
3 S0 20
3 375 26.66
5 30 3333
3 25 40
7 214 46.66
8 187 5333
9 16.6 60
10 15 66.66

Figure 6-a and Figure 6-b show the effect of changing the length of
the resonator L on the bunching frequency ¥ and the round-trip
timeT,.. There is an inverse relation with the bunching frequency
V and a direct relation with the round trip-time 7, according to
equation 18. In a Fabry—Perot resonator, the condition of resonance
requires a match between v and FSR, so the corresponding
parameters were determined for 7,- and gain switching. The round-
trip time T, = 20ns was chosen (as shown in Table 2),
corresponding to the length L = 3 m used in the simulation.

Figure 6: shows the effect of changing length of resonator L on both the bunching frequency and
the round-trip timeT;..

a

bunching frequency v

0 L (m)

round trip time tr

0 L (m)

4. Conclusions

From the analysis of the obtained simulation results, it can be
concluded that the small signal gain g is affected by the energy
spread Eg; thus, the set of parameters of the laser resonator SR-FEL
can be controlled. The main goal of this paper was to generate short
pulses between 7.4—87.4 fs with the Fabry—Perot resonator using the
fewest modes (n,,.4.) possible because there is an increase in the
values of the gain bandwidth Avg4;, and the number of 11,54, as a
result of increasing the energy spread.
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ABSTRACT

The Coronavirus disease 2079 (COVID-19) pandemic compelled people worldwide to use face masks to Timit the spread of the disease. Improper use of masks
may increase the transmission of pathogenic bacteria, causing co-infection that may result in an increase in complications of COVID-19 and a rise in the death
rate. This study aims to determine the presence of pathogenic bacteria on the surfaces of masks worn by workers while working at several markets (meat, fish,
fruit, and vegetable markets) in Makkah, Saudi Arabia, during the COVID-19 pandemic. The pathogenic bacteria on the masks of some workers in different
markets in Makkah were identified and confirmed by growth media and an automated system. Pathogenic bacteria were detected in 99% of the studied samples.
The most commonly detected bacteria on masks were £ colj; followed by Staphylococcus epidermidis, and Staphylococcus aureus. A few samples included
additional bacterial species, such as Klebsiella pneumoniae. To the best of our knowledge, this is the first study to investigate harmful bacteria on the masks of a
random group of non-healthcare workers. Improper mask use by various populations might result in significant cross-contamination with pathobionts.
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COVID-19, face masks, bacterial contamination, infection, hygiene, wet market
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1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by a novel virus
(SARS-CoV-2). This disease emerged in Wuhan, China, and was
identified in December 2019 (Li er a/, 2020; Phelan er a/, 2020). The
pandemic has had noticeable effects on people, cultures, lifestyle, and
economic and public health (Mukhtar, 2020; Yoosefi er al, 2021;
Giuntella er a/, 2021; Azuma er al, 2021). Consequently, various
regulations and habits were changed worldwide to prevent the
spread of the disease (Zarocostas, 2020). The public health sector is
one of the most sensitive areas affected by COVID-19, which is
considered an extremely infectious disease (Alimohamadi er al,
2020). COVID-19 is transmitted by droplets loaded with viruses
released from infected individuals through sneezing, coughing, and
exhaling, similar to other respiratory viral infections (Anderson ez al,
2020; Setti er al, 2020; and Somsen er a/, 2020). A single infected
person can infect up to three people (Chen et a/, 2019). Globally,
approximately 409 million confirmed cases and over 5.8 million
deaths had been documented as of February 13, 2022 (World Health
Organization (WHO), 2022). To limit the spread of this virulent virus,
wearing face masks was recommended by health authorities in many
countries, such as the USA, the UK, Germany, China, Singapore, and
Hong Kong (Feng er al, 2020). According to WHO (2022), using face
masks can help prevent the spread of COVID-19 and consequently
limit the number of deaths. However, other factors can play a role in
the spread of COVID-19 infection.

Bacterial co-infection is very common in various infections, such as
viral respiratory infections, and can significantly affect the rate of
morbidity and mortality (Gupta er a/, 2008; Morris er al, 2017,
Westblade er a/, 2021). Undesirable effects of several cases
associated with COVID-19 infections showed that the viral infection
was not the only cause of the adverse outcomes. Bacterial co-
infection can be a critical factor in the patient health situation (Nasir
er al, 2021; Singh er al, 2021), and the possibility of death is

amplified when patients with COVID-19 have bacterial co-infection
(Silva er al, 2021; Shafran er al, 2021). Bacterial pathogens can infect
humans through food, water, or living vectors (Doron and Gorbach,
2008). Hand contact is considered one of the most common modes
of pathogens transmission (Pittet er a/, 2006; Kutter er af, 2018). It
can spread pathogens among people and on surfaces such as food,
tools, clothes, and personal belongings (Sze-To er al, 2014; Mitchell
eral, 2015; Aljamali et al, 2021).

Although masks are supposed to be a preventing tool (Dehaghi etal,
2020; Dehgani-Mobarak er a/, 2020; Saijonkari er al, 2020), they
could be one of the harmful pathogen vehicles (Chughtai era/, 2019).
Improper use of masks might lead to bacterial transmission, which
can cause co-infection cases in patients (Simatupang er al, 2021).
Furthermore, several unsuitable practices have been observed in
various communities using masks. Such practices include touching
the outer surface of masks with bare hands while working,
attempting to put masks on and take them off multiple times while
performing assigned work, and reusing masks repeatedly for
extended periods, in some cases for days, with no regard for
sanitation or contamination (Simatupang et a/, 2021). These diverse
behaviors could be salient factors since they could transmit
pathogenic organisms from individual to individual, product to
person, and surface to surface.

During the pandemic, few studies have been conducted on the
prevalence of pathogenic bacteria on the surfaces of face masks, and
there is a need to demonstrate the diversity of pathogenic bacteria on
the surfaces of masks worn while working. Therefore, this study aims
to detect the prevalence of pathogenic bacteria on the surfaces of
masks worn by workers while working at different markets (meat,
fish, fruit, and vegetable markets) in Makkah, Saudi Arabia, during the
COVID-19 pandemic.
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2. Material and Methods

2.1. Collection of Samples:

Cotton swabs (Sigma-Aldrich, Bangalore, India) were used to swab
the outer surfaces of face masks worn by workers in the central
market of Makkah, which is one of the main and biggest cities in the
western region of Saudi Arabia. The central market was divided into
four individual sections (fruits, vegetables, fish, and meat). Samples
were collected between 10:30 am and 1:30 pm on Friday, as this is
when the marker is the busiest and most crowded. It is the first day of
the weekend in Saudi Arabia.

Samples were collected in April 2021, when wearing masks was
mandatory for the whole country as per government guidelines due
to the rise in COVID-19 infections. During the collection of samples,
data such as mask type (surgical or textile), wearing duration, and
market type were recorded. A total of 100 samples were taken from
the central market’s four sections (27 from the fruit market, 26 from
the vegetable market, 27 from the fish market, and 20 from the meat
market).

2.2. Detection of Bacterial Pathogens:

All the experiments were conducted following the methods proposed
by Saikia and Joshi (2014). First, within 5 hours, all the swabs were
directly streaked onto four different types of culture media: blood
agar, MacConkey agar, HiCrome Staph Selective Agar, and eosin
methylene blue (EMB) agar (HiMedia, Mumbai, India)). Second,
plates were incubated at 37°C for 24 hours. In the third stage, the
colonies grown on EMB agar and HiCrome Staph Selective Agar were
identified based on their cultural characteristics by following the
manufacturer’s instructions. Metallic colonies on EMB were classified
as E. coli. Green colonies and blue colonies on HiCrome Staph
Selective Agar were classified as Staphylococcus aureus and
Staphylococcus  epidermidis, respectively. Blood agar and
MacConkey agar media were used to verify the hemolytic pattern of
staphylococci and the lactose fermentation ability of lactose
fermenters, respectively.

2.3. MicroScan Automated Identification:

The Gram staining step was performed on samples (n = 13) that
showed no characteristic features on culture media, such as metallic
colonies on EMB or green and blue colonies on HiCrome Staph
Selective Agar. All the samples (n = 13) were Gram-negative. These
samples were prepared for MicroScan analysis according to the
manufacturer’s instructions. Briefly, using the rapid inoculation
technique, a single fresh colony from the overnight cultures on blood
agar was rapidly standardized for MicroScan antimicrobial sensitivity
testing (AST) and identification tests. After inoculation, the solution
was transferred onto the N66 panels and loaded into the instrument
for overnight treatment. Finally, MicroScan (Walkaway 96 plus)
Gram-positive and -negative cards automatic identification
technology was used to identify all the isolates (Osei er a/, 2020).

2.4. Statistical Analysis:

Statistical Package for the Social Sciences (SPSS) version 26 was used
to code and input the data (IBM Corp., Armonk, NY, USA). The mean,
standard deviation, median, minimum, and maximum were used to
describe the quantitative data. Conversely, the frequency (count) and
relative frequency (%) were used to summarize the categorical data.
The non-parametric Kruskal-Wallis and Mann—Whitney tests were
utilized to compare quantitative variables (Chan, 2003a). The Chi-
square (c2) test was used to compare categorical data. The exact test
was employed instead when the anticipated frequency was less than
5 (Chan, 2003b). Statistical significance was defined as p-values less

than 0.05.

3. Results and Discussion

The existence of bacterial species on the surfaces of surgical and
textile face masks was examined in 100 samples collected from four
different local markets in Makkah, Saudi Arabia. The distribution of
bacterial species on the masks collected from the markets is shown in
Table 1.

Table 1: Distribution of bacterial strains in different markets

Bacterial strain ("F:;'n (:r:;;) V?ﬁe:;:;es Meat (n =20) ("T:;:’IO)

E coli 21 13 18 16 68

Staphylococcus epidermidis 15 17 23 7 62

Staphylococcus aureus 13 10 17 9 49
Klebsiella pneumoniae 0 1 1 1 3
Klebsiella rhinoscleromatis 0 0 1 1 2
Klebsiella ozaenae 0 1 0 1 2
Acinetobacter baumanii 0 0 1 0 1
Acinetobacter lwoffii 0 0 0 1 1
Mannheimia haemolytica 1 0 0 0 1
Providencia rustigianii 1 0 0 0 1
Pantoea agglomerans 0 0 1 0 1
Pseudomonas putida 0 1 0 0 1

Of the 100 samples, 99 positive samples revealed the existence of at
least one bacterial species. Only one sample showed no bacterial
growth on any of the growth media used. The maximum recorded
number of bacterial species on a single mask (four species) was
collected from the vegetable market. The total number of bacterial
species detected per mask sample was one, two, and three,
representing 26%, 53%, and 19% of the collected samples,
respectively.

The most prevalent pathogenic bacteria was £ colj; detected in 68%
of the samples, followed by Staphylococcus epidermidis, detected in
62% of the samples, and Staphylococcus aureus, detected in 49%.
Klebsiella pneumoniae was detected in 3% of samples, while
Klebsiella rhinoscleromatis and Klebsiella ozaenae were recorded in
only 2% of the samples. Some bacterial species, such as Acinetobacter
baumanii,  Acinetobacter  Iwoffii, Mannheimia haemolytica,
Providencia rustigianii, and Pseudomonas putida, were detected in
only 1% of the samples. It was found that the mask-wearing duration
did not affect the mask bacterial flora. Some samples with a short
mask-wearing duration showed the existence of many bacterial
species, whereas others with a long mask-wearing duration
contained just a few bacterial species, as shown in Figure 1.

Figure 1: Prevalence of pathogens on textile and surgical masks
Composition of bacterial flora of textile and surgical mask

= Pseudomonas putida
== Klebsiella ozaenae

= Acinetobacter lwoffii
Klebsiella pneumoniae
Pantoea agglomerans
Acinetobacter baumanii
Klebsiella rhinoscleromatis
Mannheimia haemolytica
Providencia rustigianii
S. epidermidis

S. aureus

E. coli

HEN g na. .1
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The total number of bacterial isolates per market were 62, 51, 43, and
36 in the vegetable market (26 samples), fish market (27 samples),
meat market (20 samples), and fruit market (27 samples),
respectively, as shown in Chart 1.
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Chart 1: Total number of bacterial isolates per each market

SAMPLE DISTRIBUTION

mFish mVegetables mMeat mFruits

Among the studied samples, it was found that the most commonly
used mask was the surgical mask, representing 70% of the collected
samples, while textile masks represented 30%, as shown in Chart 2.

Chart 2: Most commonly used mask: surgical and textile masks

Mask Types

m Surgical Mask = Textile Mask

The statistical analysis showed no significant effect of mask type on
bacterial flora. However, some bacterial species, namely,
Acinetobacter baumanii, Acinetobacter lwoffii, Pantoea agglomerans,
and Pseudomonas putida, were detected on surgical masks but not
on textile masks. Conversely, Mannheimia haemolyticawas detected
on textile masks but not on surgical masks, as shown in Figure 1. The
statistical analysis also showed a significant variation (p<0.05) in S.
epidermidis among the studied markets, and it was more commonly
found in the vegetable market. However, no significant changes were
observed in the distribution of other bacterial isolates in all the
analyzed markets. Furthermore, the statistical analysis revealed that
surgical masks were (p<0.05) utilized much more commonly than
textile masks.

Several studies have demonstrated the usefulness of face masks in
limiting the spread of airborne viruses (Liang er a/, 2020; Maclntyre
and Chughtai, 2015; Suess er al, 2012). However, a limited number
of studies have investigated their bacterial loads in the population,
particularly during the COVID-19 pandemic (Delanghe er a/, 2021).
The present study indicated that £ coli was the most prevalent
bacterium. There are several reports about the involvement of E. coli
in some skin diseases, such as necrotizing fasciitis (Afifi and El-
Hindawi, 2008; Krebs et al, 2001; Li er a, 2006), cellulitis of upper or
lower limbs (Brzozowski and Ross, 1997; Corredoira et al, 1994;
Yoon er al, 1998), neonatal omphalitis (Fraser er a/, 2006), burn
injuries  (Rodgers er al/, 2000), and surgical site infections
(Tourmousoglou er af, 2008). Moreover, £ coliis involved in other
internal infections, such as urinary tract infections (Bannon er al,
2016; Flores-Mireles et a/, 2015) and acute diarrheal disease (Torres
eral, 2001). Staphylococcus epidermidis and Staphylococcus aureus
are among the normal human and animal skin flora involved in skin
health. However, some of them are also known as skin pathogens
that cause skin diseases such as acne vulgaris and atopic dermatitis

(Findley and Grice, 2014; Bjerre eral, 2017; Byrd eral, 2017).

Furthermore, three detected species belonging to the genus
Klebsiella, namely, Klebsiella  pneumoniae, Klebsiella
rhinoscleromatis, and Klebsiella ozaenae, are involved in many
respiratory diseases, such as pneumonia, ozena, and rhinoscleroma,
respectively (Janda and Abbott, 2006). The existence of bacterial
species such as £ col Staphylococcus aureus, and Klebsiella
pneumoniae on face masks is a critical finding. The detection of
bacterial flora recorded in this study partially agrees with that
recorded by Delanghe er a/ (2021). They recorded the existence of
strains belonging to the genera Bacillus, Staphylococcus, and
Acinetobacter. The difference in the findings may be due to the
variation in population and mask-wearing duration.

A previous study showed variations in the composition of the
bacterial flora on textile and surgical masks (Delanghe er af, 2021).
However, we observed no significant difference between the two
types of masks. The conflicting results may be due to differences in
mask-wearing duration. In the current study, in several cases, most
masks were worn for more than 6 hours or more than 24 hours,
whereas the mask-wearing duration in the study conducted by
Delanghe eral (2021) was only 4 hours.

Another reason for pathobiont transmission is speech volume (Patel
eral, 2020), and it has been demonstrated that high speech volumes
increase the possibility of pathogen transmission, including COVID-
19. The finding of the current study is in accordance with that of Patel
et al. (2020). The chosen markets being considered places with high
speech volumes for prolonged periods is another reason behind
having 99% positive samples. The mask itself can be a favorable
habitat for bacterial accumulation (Abbasi ez a/, 2020), particularly in
confined and congested areas with inadequate ventilation (Tufi6n-
Molina er al, 2021). Furthermore, improper habits associated with
using masks observed during the study, such as touching the mask
surface and beneath the mask to scratch the face or nose, may
increase the microbial load of the mask (Simatupang er a/, 2021). It
can consequently transfer bacteria to other organs, such as the eyes
and mouth, or the objects present in various markets, such as food,
shopping bags, bills, payment machines, and tools. On average,
humans touch their face, including the mouth, nose, and eyes, more
than 20 times per hour (Kwok er a/, 2015). That could be the main
reason for infection (Shen er a/, 2020) with a wide range of different
viruses such as Coronavirus, Ebola virus, swine flu, and seasonal flu
(Sudharsan er al, 2020).

There is no doubt about the importance of using masks, especially
during the COVID-19 pandemic. Several studies have highlighted
masks’ essential role in protecting the public from differentinfections
and diseases (Greenhalgh er al, 2020; Liang er al, 2020; Maclntyre
and Chughtai, 201 5). However, the current study’s findings show that
the primary purpose of using masks might be influenced by
community behavior (Simatupang era/, 2021). The public still needs
to be more educated about the proper use of masks and their
necessity to achieve the main purpose of using masks.

The pathogenic bacteria detected in this study are related to fecal
contamination, hand washing, or personal hygiene issues. This
highlights the need to educate communities about the proper
methods of washing hands and self-hygiene. Health authorities
worldwide and other related local organizations must take serious
actions to encourage the public at different levels, specifically non-
educated communities, to focus on the adverse effects of bad habits
that might lead to serious health issues. The guidance and
information should be simplified and clarified to be easily
understood. For instance, in the current study, most workers in the
chosen market do not speak the native or local language of the
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country fluently, making it exceedingly difficult to understand the
essential role of safety and hygiene guidance. Many people and
workers might be wearing masks only because of the new rules and
systems that have been implemented in some countries since the
start of this pandemic, and they might not know the reasons for and
benefits of those rules. We noticed several inappropriate actions from
our observation, such as wearing a “half mask” and touching the
mask before handling products and shopping bags. According to Lee
et al. (2020), in a study of 1500 participants, more than 90% did not
follow hand hygiene before using masks, and more than 95% did not
follow the correct hand hygiene after taking masks off.

All these behaviors can affect the purpose of using masks.
Consequently, masks can be a transmission tool for several
pathogens. People and communities must learn and follow the
proper use of masks to avoid spreading COVID-19 and other
pathogens. All the health sectors worldwide must educate
communities and consider the variety of backgrounds, cultures, and
education.

4. Conclusion

Face masks have been used increasingly during the COVID-19
pandemicto prevent the spread of this lethal disease. Improper use of
masks may lead to contamination of the mask with pathogenic
bacteria. The findings of this study confirmed the existence of
bacterial species on 99% of the samples collected from some workers
in wet markets, including vegetable, fruit, fish, and meat markets.
Some of these bacteria, such as Klebsiella pneumoniae, Klebsiella
ozaenae, Klebsiella rhinoscleromatis, and Staphylococcus aureus, are
strong pathogens and may cause dangerous diseases. Bacteria
prevalence on the masks may be due to the crowded nature of these
markets and workers’ lack of awareness about the right way to use a
mask. Educating people about the proper way to use a mask and
providing instructions in different languages within multilingual and
multicultural communities may reduce the contamination of masks
with bacteria. Statistical studies about the prevalent respiratory and
skin bacterial diseases during the COVID-19 pandemic are needed to
evaluate their relation to mask use.
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ABSTRACT

This paper discusses how the power of the free electron laser (FEL) beam was increased without increasing the size of the laser device by using a new model with
a different technique for the undulator; the purpose of this technique is to make full use of the undulator magnets in a three-row system instead of the two-
magnet system. This technique reduces the size of the laser device by decreasing the undulator’s length and controlling the path of electrons within the rows of
the undulator magnets. From the analysis of the obtained simulation results, it can be concluded that itis possible to make the FEL device with double the power
output without increasing the size of the device; this will increase future applications of the FEL in the civil and military fields.
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1. Introduction

The scientific and technological development witnessed in various
fields of life is the result of many important scientific discoveries. One
of the most crucial of these discoveries is the laser beam and its use
as atool with high accuracy in solving problems and reaching the best
solutions. Therefore, it has become necessary for researchers and
scientists to develop laser-generating devices to suit those
applications.

Since the invention of the laser by Theodore Maiman in 1960,
scientists and researchers have been racing to develop a device that
generates a laser beam with distinctive specifications to suit all civil
and military applications (Madey, 1971).

The most important specifications of the desired laser are the control
of the wavelengths and power of the output laser beam. The best type
of laser that produces a laser beam with these characteristics is the
free-electron laser (FEL), which was invented 10 years later by John
Madey in 1970. The FEL differs from other types of lasers in regard to
its physical form. The most effective medium is emitting electrons
from an electronic gun. These electrons can be accelerated to reach a
certain energy (300—500 MeV) and then enter the undulator (two
rows of magnets) to make these electrons move in a sinusoidal
motion in order to release coherent photons, which then reach a
certain threshold level in a resonator with suitable specifications and
eventually leads to the formation of the required laser beam.

The control of the electrons’ energy and the specifications of the
undulator are the distinguishing features of the FEL, whereby the
wavelength and the power of the output laser beam are controlled.
However, the size of the FEL device is a problem in some of its
applications; consequently, researchers are working on reducing the
size of the device by developing some of its parts (Al-Aish and Jawad,
2017; Kamil and Al-Aish, 2022; Zhang er al, 2013; Varro, 2012;
Hannon, 2008).

This paper explores how the power of the FEL beam was increased
without increasing the undulator length by using a new model with a
different undulator technique; this technique’s purpose is to make
full use of the undulator magnets in a three-row system instead of the

two-magnet system. This technique reduces the size of the laser
device by shortening the undulator’s length and controlling the path
of electrons within the rows of the undulator magnets.

2. Technique and implementation of the
work

The FEL self-amplified spontaneous emission(SASE) consists of three
main parts (electrons gun, linear accelerator, and undulator) as
shown in Figure 1. Itillustrates that the original undulator consists of
two rows of magnets and that the coherent photons can be increased
by increasing the undulator length. This paper demonstrates that a
rise in the number of coherent photons was achieved without
changing the undulator length. Moreover, a new row of magnets was
added, making a total of three rows, as shown in Figure 2 (Mahmood
and Al-Aish, 2022; Al-Aish, 2017; Kamil er a/, 2019; Mansfield, 2005;
Al-Aish and Kamil, 2022).

Figure 1: The three main parts of the FEL.
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To calculate the effect of the additional new path on the output laser
specification, an executable program called TUFEL was constructed
using the Matlab 2019 software, as shown in Figure 3. It contains
several parameters to simulate the change in the movement of the
electrons, from accelerated linear motion to sinusoidal motion of the
synchrotron beam formation.
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Figure 2: The triple undulator of the FEL.
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Figure 3: The implementation of the executable program TUFEL to simulate and analyse the tertiary
undulator of the free electron laser.
207338003 2 casine 108 LEreTH L i 2

tad FFELNO ATT. in (W)

YVELOGITY OF & (i) 14PULSE PEROD 1)
10000
2 BEAM DENSITY e 13 ENERGY PULSE (1) w Tt
IRELATVETC y 16 TEMPERATURE () 131741425
—— ¥ 195,145
ABinm 1T PRESSURE (Mm2) (=N )
i oot
5K 18 DENSITY fhgind) piotm) Dootnoasg | oo SATETT)
EAEELnmI 101 RADIUS FAR () * oLonerres
AFEL n(m 52518308
Pau 20 DVERGENGE b (a¢) P e
I — AR ginm} 0
8 BENM FREQ.wp {Fiz) fal’-3 w 75430206 DERSITY ihisind)
9 PLRCL PARAML TR 22 SCATT ATTEH (1m) . stblshrem of
e Despn o st s
10 GAENGTH G inm} 23 SHOW ATTEN (1im) 0ot I
11 INIT_ POV (Po} in (W) 24 RAINATTENtim) 016352
001055 2022
12 40 of Noh 25 POWER OF PREELON)
422169
PO (Pu)inf) 26 NREFRACTIVE WDEX 2073382105
13 PEELHO AT, in{W) POW. (SATYn () oo

The electrons will move to the first (original) path and the second
(new) path through bending magnets. Thus, the number of coherent
photons Npy will double as a result of the electrons passing through
two paths instead of one path.

The number of coherent photons Npy generated as one electron
passes through the original path depends on the number N, of
electron wavelengths A, resulting from the oscillation of the electron
during its passage through the length of the undulator L, . The
number Ny is calculated by the following equation (Al-Aish and
Kamil, 2022; Bergman er al, 2017; Steiniger er al, 2014; Dhedan er
al,2022; Ali eral, a2022):

Ny, =—— (€]

Each A, generates two coherent photons. Therefore, the Npy for
one electron in the first path is given by the equation:
Npy =pE.A/hc 2
Where: p represents the Pierce parameter, E,, represents the energy
of the electrons’ beam, C represents the velocity of light, h represents
Planck’s constant, and A represents the wavelength of the output
laser. A is calculated using the equation below:

-14 Ay 2 p2
A= 4095 x 107 x (24 ) (1 + (435477 x 2,2 B2)) (3)
e

Where: B is the intensity of the magnetic field.

Thus, due to the passage of electrons through two paths instead of
one path, the number of coherent photons Npy will double.

Npy =2pE;A/hc )
The transmission of an electron beam through the undulator will lead
to the generation of a coherent photon beam to form the output laser,
which has power formed by the following equation (Ali eral, b2022;
Pflueger, 2018; Colson, 1976; Romaniuk, 2009; Al-Aish er al, 201 9):

2
P, = CEep” Npy e (2157 p Lu/A) 5)

- 91

The saturation power Py, is given by the equation:
_ P lpeam Ee
Psat - e (6)

Where Ipeqm is the current of the electron beam.

3. Results and discussion of simulation

The main goal of this paper is to reduce the undulator length in order
to reduce the size of the FEL device while maintaining or increasing
the power of the output laser.

Therefore, the results shown in this paper are concentrated in support
of this goal, as shown in Table 1. The standard values of the other
parameters of the FEL are shown in Table 2.

Table 1: The results of simulation for (Npy, P, and ).

B,W B,W,
Ay | Ny(m) | A(m) (ofw\iprﬁth) (rvjv\{upﬁth) (one (pal)h) (owo (pal)h)
0.004 1000 52.51 4227.89 8455.78 2073380 4146760
0.006 666.6 78.78 6342.27 12684.54 56936.3 113872.6
0.008 00 105.30 8477.71 16955.42 9435.06 18870.12
0.010 400 134.22 70805.3 21610.6 3208.92 6417.84
0.012 3333 172.47 138845 27769 156351 3127.2
0.014 285.7 233.79 18820.8 37641.6 935.531 1871.026
0.076 250 33881 272755 54551 636.469 1272.938
0.018 2222 51417 41392.4 827848 471.706 943.412
0.02 200 79133 63705 127470 37118 742.36
Table 2: The standard values of the other parameters of the free-electron laser.
Ly, 2m a Te-6m P 0.007
Theam 710000 Amp E, 7100 Mev Mass of e 9.7e-3Tkg
Ne 33619 c 3er8m/s Prat T000 MW

According to Equation (1), the number of electron wavelengths N,, is
inversely proportional to the wavelength of the electron 4,;, as shown
in Table 1. Figure 4 shows the decrease in N;, against the increase of
Ay while the length of undulator L,, remains a constant.

Figure 4: The decrease in N, due to the increase of 4,, while the length of undulator L, remains a
constant.
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The number of coherent photons Npy in the original first path
represents the original photons, which will then increase by forming
anew second path parallel to the first one; thus, the coherent photons
will double due to their passage through the second path. According
to Equation (2), the number of coherent photons Npy is directly
proportional to the wavelength A of the output laser, as shown in
Table 1. Figure 5a shows this increase in Npy due to the increase of 4
as a result of an increase in A, according to Equation (3). Figure 5b
shows the relation between A and 4,,.

Figure 5a: The increase in N py due to the increase of A as a result of an increase in A,,.
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Figure 5b: The relation between A and 4,,.
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The undulator length L,, represents a group of wavelengths 4,,. By
increasing the wavelengths A,, (represented by the second path), the
number of coherent photons Npy will be increased according to
Equation (4). Figure 6a shows the increase in Npy as a result of an
increase in 4.

The power of the output laser from undulator B, will decrease as a
result of the increase of A according to Equation (5). Figure 6b shows
the decrease in (P, ). On the other hand, the increase in laser power
P, can be observed in the case of two paths.

Figure 6a: The increase in N py due to the increase in A,,.
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Figure 6b: The increase in P, as a result of using the second path.
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Finally, itisimportant to clarify thatall results of the laser beam power
P, forthe firstand second paths had the least saturation power Pggy,
which is 1000 MW according to Equation (6).

4. Conclusions

From the analysis of the obtained simulation results, it can be
concluded that the increase in the number of photons as a result of
adding the second path led to an increase in the output power of the
laser beam without changing the undulator length.

Accordingly, it is possible to make the FEL device with a doubled
output power without increasing the size of the device. This will help
improve the future applications of the FEL in the civil and military
fields.
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ABSTRACT

Although blood transfusion is a life-saving procedure, it can be associated with complications in rare cases. An acute transfusion reaction (ATR) is a complication
where recipients exhibit an adverse reaction within 24 hours of a blood transfusion. This study aimed to determine the incidence of ATRs. This retrospective
study reviewed the ATRs for all patients who received blood products over three years (2018, 2019, 2020). Of 81,498 transfusion episodes investigated, 132
(0.16%) were associated with ATRs. The most frequent adverse reactions were allergic reactions (62.9%, n = 83), followed by febrile non-haemolytic transfusion
reactions (FNHTR) (32.6%, n = 43). Among blood products, it was found that allergic reactions were associated with platelet transfusions (40.9%, n = 34) and
FNHTR with packed red blood cell transfusions (79.0%, n = 34). Serious complications such as acute haemolytic transfusion reaction and transfusion-related
lung injury were not reported. The low percentage of recorded ATRs may indicate an underestimation of the true incidence due to under-reporting. Accurate
reporting of ATRs is a crucial element of the haemovigilance system and would improve blood transfusion safety and enhance patient management.
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1. Introduction

Blood transfusion remains unquestionably a life-saving procedure. Its
direct aid in achieving vital therapeutic outcomes in treating patients
outweighs the infrequent, though possible, adverse events that can
ensue. These adverse events have been reduced historically through
the universal development of enhanced guidelines in blood
transfusion services. These range from strict policies in selecting
blood donors and screening donated blood for transfusion-
transmissible infections to establishing hospital transfusion
committees and direct feedback on transfusion adverse reactions to
monitoring systems. These monitoring systems are now globally
known and designated as haemovigilance, formally defined as the set
of surveillance procedures covering the transfusion chain from blood
donations to blood transfusions (Jain and Kaur, 2012). This vital
concept of monitoring blood transfusion practices and events can
help us define and understand the possible adverse events or
reactions following a transfusion and aid in developing techniques
and procedures that prevent their recurrence (Prakash, Basavaraj,
and Kumar, 2017).

Acute transfusion reactions (ATRs) may differ in severity depending
on the type and susceptibility of the patient. These reactions are
defined as any unfavourable transfusion-related reaction that occurs
to a recipient during or after the transfusion of blood or its
components. ATRs occur during or within 24 hours of transfusion
and are classified as immune- or non-immune-mediated adverse
reactions. They include acute haemolytic transfusion reaction
(AHTR), transfusion-related acute lung injury (TRALI), transfusion-
associated circulatory overload (TACO), febrile non-haemolytic
transfusion reaction (FNHTR), anaphylactic reactions and allergic
transfusion reactions.

The international haemovigilance system was founded in 2009, and
many developed countries have established haemovigilance systems
at various levels. In Saudi Arabia (SA), establishing a national
haemovigilance system is an important goal of the Saudi Society of

Transfusion Medicine and the Ministry of Health (Hindawi, 2020).
However, studies have reported that ATRs in Saudi hospitals are very
rare, and only a small number of studies were found in the literature
(Ali, Ibraham, and Joseph, 2005; Badawi er a/, 2021; Hindawi er al,
2016). Measuring adverse transfusion events provides healthcare
providers insights into blood transfusion safety and consequently
enables them to improve it. This study aims to report and analyse
ATR events over three years at a tertiary care hospital in Riyadh, SA.

2. Materials and Methods

This retrospective cross-sectional study was conducted at King Fahad
Medical City, a tertiary hospital in Riyadh, SA. The institutional ethics
committee approved the study (registration number: H-01-R-012).
Reported transfusion reactions documented due to different
transfused blood products, namely, leucodepleted packed red blood
cells (PRBC), platelets and fresh frozen plasma (FFP), over three years
(from January 2018 to December 2020) were analysed. When a
transfusion reaction was reported to the blood bank, a transfusion
reaction form was provided to medical staff. ATRs were examined
using a standard transfusion reaction investigation protocol, which
includes: clerical checking; an inspection of a post-transfusion blood
sample for any evidence of haemolysis and comparison of the same
with a pre-transfusion sample if available; rechecking of the patient's
pre- and post-transfusion samples for blood grouping; carrying out
direct antiglobulin and auto-control tests for the patient's pre- and
post-transfusion samples; examining the patient's pre- and post-
transfusion samples with the donor sample to recheck compatibility;
repeating the antibody screen with a 3-cell panel and, in the event of
a positive result, carrying out an antibody identification test using an
11-cell panel; and performing a bacteriological culture.

In addition to information obtained through the protocol, other data
(age, sex, type and number of transfused products, symptoms and the
diagnosed adverse reaction) were retrieved from the transfusion
reaction reports. Acute reaction reports adequately filled out and
confirmed by a haematologist were included. Those reports which

Corresponding Author: Mohrah Alalshaikh

00966504445584, malalshaikh@ksu.edu.sa


https://doi.org/10.37575/b/med/220034

44

did not describe the symptoms and type of the adverse reaction were
excluded, as were delayed adverse reaction reports. For statistical
analysis, Microsoft Excel 2016 was used for data analysis and to
obtain the event percentages.

3. Results

This retrospective study collected data on atotal of 81,498 transfused
blood components over the study period (from 2018 to 2020). The
most transfused blood components were PRBC units (56%), followed
by platelets and FFP (both 22%), as seen in Table 1.

Table 1. Number and type of transfused blood components over the study period.

Issued blood Number of units Number of units Number of units Total (%)
components (2018) (2019) (2020)
PRBC 14278 15270 15925 45473 (56%)
Platelets 5999 6103 5790 17892 (22%)
FFP 6149 6040 5944 18133 (22%)
Toral transfused 26426 27413 27659 81498
units per year

Patients who developed ATR events ranged widely in age (1 to 94
years); 46.21% were male, and 53.79% were female. Of the total
transfused units, 132 adverse events were reported, setting the
average rate of transfusion reactions at 0.16%. The rates of allergic
reactions and FNHTR were approximately 0.1% and 0.05%,
respectively.

As illustrated in Table 2, most of these events were associated with
PRBCs (43.2%). The highest reported types of ATRs were allergic
reactions (62.9%), followed by FNHTR (32.6%). Most of the allergic
reactions were associated with platelets (40.9%), followed by FFP
(36.1%), while 79.0% of FNHTR events were associated with PRBCs.
Moreover, allergic reactions affected more females than males (59%
vs 41%). The opposite was noted with FNHTR, which was observed
more in males than females (56% vs 44%). Three cases of
anaphylactic reactions were reported, representing 2.3% of all cases.
No TRALI or AHTR were reported.

Table 1. Types and percentages of the reported ATRs and their association with

specific blood components.

Type of ATR Component transfused _ Incidence (per 10,000
PRBC Platelets FFP Total (n=132) components)

Allergic reactions 19 34 30 83(62.9%") 10.2
FNHTR 34 5 4 43 (32.6%) 53
Anaphylactic 1 0 2 3(2.3%) 0.4
Hypotension 1 0 0 1(0.8%) 0.1
TACO 1 0 0 1(0.8%) 0.1
Others 1 0 0 1(0.8%) 01

Total 57 (43.2%") | 39 (29.5%) | 36 (27.3%) 132 162

A Percentage of adverse reactions of total adverse transfusion reactions was noted.

B Percentage incidence of adverse transfusion reaction after transfusion of the blood
component.

ATRs, acute transfusion reactions; FNHTR, febrile non-haemolytic transfusion reaction; TACO,
transfusion-associated circulatory overload; PRBC, packed red blood cells; FFP, fresh frozen
plasma.

The clinical presentations reported in these events covered a wide
range of symptoms; the 12 symptoms reported are illustrated in
Figure 1. Urticaria was the most frequent symptom, comprising 21%
of the reported symptoms. Rash, fever, chills or flushing were also
frequent, with percentages ranging between 12% and 14% of the
total reported symptoms. Swelling of the face and pain in the chest or
back were the least frequent symptoms experienced by only six and
seven patients, respectively. All ATRs were reported following the
standard hospital procedure and verified by blood bank

haemarologists.

Frequancy

Symptoms

Figure 1. Distribution of ATR symptoms.

4. Discussion

This study provides a retrospective analysis of the ATR incidence
resulting from the transfusion of 81,498 blood components over
three years. This study's incidence rate of ATRs is 0.16%, comparable
to another study from SA, which reported a rate of 0.2% (Hindawi et
al, 2016). These percentages are similar to those reported from other
countries and range from 0.14% to 1.2% (Borhany er a/, 2019; Cho,
Choi, Kim, Alghamdi, and Kim, 2016; Saha, Krishna, Prasath, and
Sachan, 2020).

Allergic reactions and FNHTR are the most common adverse
reactions seen with transfusion (Borhany er a/, 2019; Kumar,
Thapliyal, Coshic, and Chatterjee, 2013; Saha ez a/, 2020). Similarly,
this study found that the most frequent reactions of 132 reported
ATRs were allergic reactions (63%), followed by FNHTR (32%).
Urticaria and skin rash were the most common symptoms, correlating
with the high rate of allergic reactions (Cho er al, 2016; Pahuja, Puri,
Mahajan, Gupta, and Jain, 2017). However, some studies reported a
higher percentage of FNHTR than allergic reactions (Grandi, Grell,
Areco, and Barbosa, 2018; Prakash era/, 2017). Several factors were
associated with FNHTR, such as age, gender and the number and type
of transfused components (Menis er a, 2015). The rate of FNHTR
was lower than that detected in other studies (Kumar er a/, 2013;
Pahuja eral, 2017; Prakash eral, 2017), which could be explained by
the use of leucodepleted blood (Bianchi er a/, 2016). FNHTR can
result from patients' leucocyte antibodies reacting with donors’
leucocyte antigens, leading to the release of endogenous cytokines or
leucocyte cytokines accumulated in the blood products. Consistent
with our results, the frequency of FNHTR was higher with red cell
transfusions than with platelets (Menis er a/, 2015). Moreover,
compared with FNHTR, allergic reactions are associated more with
platelets and plasma transfusion than red cells (Saha et af, 2020). The
severity of these adverse reactions ranged from mild non-systemic to
severe and life-threatening systemic reactions. The frequency of
severe anaphylactic reactions was low, representing 2% of the total
allergic reactions (Grandi et al, 2018). In this study, of the total
adverse events, three events (2.3%) presented clinically with
hypotension, bradycardia, urticaria and dyspnoea. Two events were
ATRs from an FFP transfusion and a PRBC transfusion.

Syndromes of acute respiratory distress, TACO and TRALI, occur
during or within six to 12 hours of transfusion (International Society
of Blood Transfusion Working Party on Haemovigilance in
collaboration with The International Haemovigilance Network and
AABB, 2018; Vlaar er a/, 2019). TACO was described as one of the
leading causes of transfusion-related fatalities (44%) (FDA, 2019).
Only one TACO reaction after a PRBC transfusion was observed in
this study period. The presenting symptoms were chills, dyspnoea
and chest pain. These findings are in contrast to other studies, which
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reported a higher percentage, such as the study by Saha er a/. (2020),
where six TRALI events were detected among 140 ATR events (4.3%).
However, no TACO events were seen in other studies (Borhany etal,
2019; Prakash eral, 2017).

Like TACO, TRALI is one of the leading causes of transfusion-related
mortality (FDA, 2019). Although TRALI can result from the red blood
cell component, most severe cases are related to plasma-rich
components (Peters, Stein, and Velar, 2015). In the majority of cases,
donors' antibodies were detected, reacting against recipients' human
leucocyte antigens (HLA) class I/1l and/or human neutrophil antigens
(HNA) (Peters er al, 2015). HNA and HLA may develop when the
immune system is exposed to foreign HNA or HLA antigens, such as
during pregnancy or transfusion. The incidence of TRALI has reduced
significantly following the use of plasma-rich components from men
and women who have not been pregnant or have tested negative for
HLA antibodies (Otrock, Liu, and Grossman, 2017). In SA, the vast
majority of donors are men, with women representing only 2% of the
total donors (Alsughayyir er al, 2022). These mitigation strategies
have played an essential role in reducing the incidence rate of TRALI.
No TRALI event was detected in our study, which is consistent with
the study conducted in Jeddah, SA, by Hindawi et al. (2016).
Moreover, the use of leucodepleted blood components can play a
role in reducing the incidence of TRALI (Simancas-Racines er al,
2019). Nevertheless, this adverse effect can occur even when
leucodepleted products are used (Maulydia, Airlangga, Imam, Siregar,
and Hendriana, 2022).

The fatal risk of blood transfusion from ABO incompatibility
transfusion events can cause severe AHTR and has significantly
reduced in the last few decades (Storch, Rogerson, and Eder, 2020).
In our study, no AHTR was reported in the three-year study period.
This may be due to the hospital protocol, which includes verifying
patients' ABO type using a second or historical sample. In addition, no
bacterial sepsis event was reported, which may indicate the
implementation of quality measures at different steps of the blood
transfusion chain.

Moreover, only one event of isolated hypotension reaction
associated with PRBC transfusion was reported in the study period, in
contrast to other studies, which detected a higher incidence rate
(Hendrickson ez al, 2016; Saha er al, 2020).

As this study is retrospective, adverse events may have been under-
reported. Compared with international studies, the low incidence of
total ATRs and some specific adverse events, such as TACO and
isolated hypotension, may indicate the under-reporting of
transfusion reaction events. Furthermore, as there are few published
national studies, a statistical comparison of the results of this study
with other Saudi studies was not possible. However, our data can
help evaluate the safety of transfused blood in the country and
identify areas for improvement.

In conclusion, our results showed that the most frequent ATRs are
allergic reactions and FNHTR. Adequate reporting of ATR events
should be emphasised, as this would help improve the
haemovigilance system and, consequently, blood safety. This study
adds to the published national data to allow benchmarking.
Moreover, the upcoming Saudi National Haemovigilance Project
could utilise the published data in developing national and local
benchmarks for ATRs.
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ABSTRACT

Jaadl|

Conducting further research and exerting more effort into field studies
will aid the detection and recording of new, rare species of invertebrates
in the Mediterranean and allow the examination of their biological and
environmental characteristics. This article provides information on four
species of sea crab (one of which is alien), two species of sea star, one
species of sea urchin and two species of octopus, which have all been
documented for the first time in Syrian waters. Samples were collected
by fishing nets from a coastal area at medium depths (20—630 meters)
from Ras al-Basit, Lattakia and Banias during 2020 and 2021. These
species are: Actaea savignii (H. Milne Edwards, 1834); Dromia personata
(Linnaeus, 1758); Geryon longipes (A. Milne-Edwards, 1882); Homola
barbata (Fabricius, 1793); Peltaster placenta (Miiller and Troschel,
1842); Chaetaster longipes (Bruzelius, 1805); Sphaerechinus granularis
(Lamarck, 1816); Tremoctopus violaceus (Delle Chiaje, 1830); Ocythoe
tuberculate (Rafinesque, 1814). Documenting the presence of these rare
species is very important from an environmental and scientific
perspective, and recording more of them requires coordination with the
marine fishing sector in Syria.
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Mollusca: Cephalopoda: Octopoda: Ocythoidae
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Arthropoda: Malacostraca: Decapoda: Dormiidae
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