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The non-uniformity of the evaporation duct has a significant impact on the
propagation of electromagnetic waves. Based on the near real-time dataset from
the China Meteorological Administration Land Data Assimilation System (CLDAS)
and the National Centers for Environmental Prediction (NCEP) Climate Forecast
System Reanalysis (CFSR) datasets, the non-uniformity characteristics of
evaporation duct height (EDH) in the South China Sea (SCS) region at different
distances of electromagnetic propagation and the main influencing factors of
EDH non-uniformity are analyzed. The findings are given as follows. First, the SCS
monsoon has a significant impact on the spatial and temporal distribution of
EDH, particularly in the western coastal areas of Luzon Island and the eastern
coastal areas of the Indochina Peninsula. Secondly, the non-uniformity of EDH is
more pronounced in the western part of Luzon Island, the eastern coast of the
Indochina Peninsula, and the sea-land boundary area of the Beibu Gulf. Besides,
the non-uniformity of EDH in the western part of Luzon Island and the eastern
part of the Indochinese Peninsula is greatly influenced by air-sea temperature
difference and relative humidity. Finally, it is advisable to consider the influence of
the non-uniformity of EDH when the distance of electromagnetic propagation in
coastal areas exceeds 50 km. However, it can be disregarded within a range of
100 km on the broad ocean.
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Highlights

 The significant impact of monsoons on the spatiotemporal
distribution of EDH at the sea-land boundary in the South
China Sea.

* The non-uniformity of EDH in the South China Sea from
afternoon to evening is relatively obvious, while it is
relatively small at night.

* The non-uniformity of EDH in the western part of Luzon
Island, the eastern coast of the Indochina Peninsula, and the
sea-land boundary area of the Beibu Gulf is relatively clear.

1 Introduction

The variation of refractive index in the marine atmospheric
boundary layer has a significant impact on the propagation of radio
waves in coastal and marine environments. Specifically, the
atmospheric duct is a stronger super-refractive propagation
condition that occurs at sea (Pozderac et al.,, 2015). The
atmospheric duct is a unique layer structure formed in the
atmosphere under specific temperature and humidity gradient
conditions. It can be classified into three types based on their
height in relation to the duct layer structure and surface of the earth:
evaporation duct, surface duct, and elevated duct. Studies have
shown that evaporation duct is the most common type in the South
China Sea (SCS), with a probability of occurrence exceeding 80%
(Cheng et al., 2012; Wang et al., 2019; Zhang et al., 2020; Cheng
et al,, 2021).The evaporation duct exerts a notable influence on the
transmission of electromagnetic waves emitted by radar or
communication equipment (Xu et al., 2022; Wang et al.,, 2023a;
Wang et al., 2023b; Zhang et al., 2023). On the one hand, it can lead
to increased errors in radar ranging, angle measurement, and
velocity measurement, as well as heightened radar clutter. More
importantly, the evaporation duct can cause radar to detect and
receive signals beyond the line of sight (Wang et al, 2018).
However, when it comes to communication, evaporation duct
communication presents a novel approach for high-speed data
transmission near the sea surface. This method offers several
advantages, including high reliability, stable transmission
characteristics, and a supernal data rate in the order of magnitude
of Mbps (Ergin and Ozgur, 2014; Ma et al., 2022).

The evaporation duct is influenced closely by meteorological
elements, such as atmospheric temperature (AT), relative humidity
(RH), wind speed (WS), and sea surface temperature (SST). Its
formation primarily arises from the uneven thermal structure of the
marine atmospheric boundary layer. That is because the seawater
evaporates bringing a significant amount of water vapor that
accumulates on the surface of the sea. With the assistance of
wind, this water vapor disperses to a certain altitude, leading to a
rapid decline of atmospheric humidity and a diminishment of the
atmospheric refractive index as the altitude rises. The evaporation
duct typically occurs in the near-sea atmosphere below the height of
40 m. Its height varies depending on geographic latitude, season,
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and time of day scale (Shi et al., 2015b; Zhang et al., 2016; Huang
etal., 2022; Yang et al., 2023). The daily variation of the evaporation
duct height (EDH) is primarily influenced by thermal differences
between land and sea. This variation is more pronounced in coastal
areas, with RH and near-surface WS being the main influencing
factors, the temperature difference between the air and sea also plays
a key role (Huang et al., 2022).

The EDH can be directly measured using meteorological
sounding or meteorological gradient instruments. However, due
to the unique climate environment and surface types of the ocean,
there is a severe lack of meteorological observation stations, making
it difficult to achieve regional and high temporal resolution
meteorological detection. As a result, the most widely used
approach currently is to predict based on the models developed
from the Monin-Obukhov similarity theory (MOST) by measuring
maritime meteorological parameters and sea surface temperature
(Zhang et al., 2020; Zhao et al., 2023) or using reanalysis data (von
Engeln and Joao, 2004; Shi et al., 2015b; Sirkova, 2015; Cheng et al.,
2021; Huang et al,, 2022; Yang et al., 2023). The commonly used
diagnostic models for EDH include the Paulus-Jeske (P-J) model
(Guo et al., 2018), Musson-Gauthier-Bruth (MGB) (Zhao et al.,,
2021), Babin-Young-Carton (BYC) model (Zhao et al,, 2019), and
Naval Postgraduate School (NPS) model (Zhao et al., 2021). Among
these, the NPS model is currently one of the most widely used
models. Numerous researchers have employed this model to study
EDH in various sea areas (Ding et al., 2015; Shi et al., 2017; Guo
et al, 2019; Zhao et al., 2021; Huang et al., 2022), confirming its
effectiveness. The existing evaporation duct diagnostic models
primarily rely on AT, RH, and WS at various heights above
the sea surface and SST as input parameters for calculating EDH.
As a result, the meteorological data employed in this article
predominantly comprise AT of 2 m, specific humidity (SH) of
2 m, WS of 10 m, air pressure (AP), and SST.

The non-uniformity of the evaporation duct has a momentous
prompt on electromagnetic propagation, exceptionally at low
frequencies (Shi et al., 2015a). When the height of the
evaporation duct at the receiving end is lower than that at the
transmitting end. This results in a significantly higher path loss
compared to the conditions where the evaporation duct is
horizontally uniform. Conversely, when the height of the
evaporation duct at the receiving end is higher than that at the
transmitting end, the horizontal non-uniformity of the evaporation
duct has a smaller effect (Shi et al., 2015a). So, In communication
systems where the transmitter and receiver share a common
antenna, there is a phenomenon known as unidirectional data
transmission, wherein only one party can receive the signal when
the distance between them exceeds a certain threshold. Therefore,
when considering the transmission of electromagnetic waves
beyond the line of sight in an evaporation duct environment, it is
crucial to consider the non-uniformity of EDH characteristics.

The SCS serves as a vital sea route connecting Western Europe,
the Middle East, and the Far East, accounting for over half of the sea
transportation in the world (Rosenberg and Chung, 2008). There is
currently no statistical analysis conducted on the spatiotemporal
heterogeneity of EDH in the region. To address this gap, this paper
utilizes the near real-time dataset of the China Meteorological
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Administration Land Data Assimilation System (CLDAS) and the
Climate Forecast System Reanalysis (CFSR) datasets from
the National Centers for Environmental Prediction (NCEP) of the
United States to analyze the monthly and daily variation
characteristics of EDH non-uniformity in the SCS region based
on the NPS model. Furthermore, the main influencing factors
of EDH non-uniformity were explored based on partial

correlation analysis.

2 Data and methods

2.1 Data

The CLDAS dataset is developed using a variety of ground,
satellite, and other observational data sources, and employs
techniques such as multi-grid variational assimilation, optimal
interpolation (OI), probability density function matching,
physical inversion, terrain correction, and more. This dataset
includes high-precision data on WS, AT, RH, and AP from the
waters near China (0-65° N, 60-160° E). The data used in this paper
covers the period from January 19, 2017, to December 31, 2022,
spanning a spatial range of 104° E to 123° E and 2° N to 25° N (refer
to Table 1 for specific data information, with the starting time for
open data being January 19, 2017). This dataset demonstrates
superior quality and more reasonable and accurate spatiotemporal
distribution characteristics within the Chinese region when
compared to similar international and domestic products (Qiu
et al., 2023).

Unfortunately, the CLDAS dataset does not include SST
data. The SST data from the CFSR dataset is used in this article.
This dataset has been validated by numerous scholars and has been
widely used to analyze the spatiotemporal distribution
characteristics of evaporation ducts in various sea areas (Shi et al.,
2015b; Huang et al., 2022; Yang et al.,, 2023). Due to the different
temporal and spatial resolutions between the CLDAS and the CFSR,
the bilinear interpolation and nearest neighbor interpolation to
obtain the temporal and spatial resolutions of SST to 1 h and
0.0625° respectively in this article.

2.2 NPS model

The NPS model, which was published by the United States Navy
Graduate School in 2000, is primarily based on the Monin-
Obukhov similarity theory and Liu-Katsaros-Businger theory (van
der Laan et al., 2017). It aims to model the refractive index profile of

TABLE 1 Specific information on the reanalysis data used in this article.
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offshore evaporation ducts. What’s more, this model utilizes AT,
RH, WS, and AP at a specific or varying altitude above the sea
surface, along with SST, as input parameters. The model first
obtains the profiles of temperature, humidity, and water vapor
pressure. Then the modified refractivity profile (Equation 1) of the
evaporation duct is calculated by:
M:LT'6(P+4810%)+R%><106 1)
where M is usually called modified refractivity and its unit is M-
unit, T is the atmospheric temperature in Kelvin, P is the
atmospheric pressure (hPa), and e is water vapor pressure (hPa),
R, is the average radius of the earth (taken as 6371 km), and h is the
altitude above sea level (m). Consequently, The EDH is then
determined by correcting the position of the minimum value of M.
The profiles of AT (Equation 2), SH (Equation 3), and water
vapor pressure e(z) (Equation 4) varying with height z can be
represented as (Zhao et al.,, 2021):

0 z 4
T(z) = T, +?{ln(z—m)—ll/h(z)} - MNaz )
@ =0+ o 10 () - (D) ®
9\2) = qo + -~ nz_m_%'f
e(2) = 9(2)P(2) (4)

Te+(1- €)q(z)

where T(z), q(z), P(z) are the AT, SH, and AP at height z,
respectively; Ty and g, are the SST and SH when considering the
influence of seawater salinity on SH; qo = 0.98¢4(Ty), g(T,) are the
sea surface saturation SH calculated based on the SST; 6« and g«
are the characteristic scales of potential temperature 6 and g,
respectively; K is the Karman constant; zy, is the temperature
roughness height; y, is the temperature universal function; 1, is
the dry adiabatic lapse rate, approximately equal to 0.00976 K/m; L
represents the Obukhov length and € is a constant (usually 0.622).

2.3 Characterization of non-uniformity
of EDH

To better illustrate the trend of electromagnetic propagation
loss under non-uniformity EDH conditions, this article assumes the
existence of two points: A and B (the red pentagram in Figure 1),
both located within the duct layer. At point A, the antenna height is
6 m, and the EDH is 10 m. Meanwhile, the distance between point B
and point A is 210 km, with an antenna height of 8 m and an EDH

Horizontal

Meteorological Elements

Dataset Temporal Spatial Time
Type Span Range
CLDAS 2017.01.19 to 104°E~123°E, 1h
CEFSR ‘ 2022.12.31 2°N~25°N 6h
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Resolution

Resolution

0.205°%0.205° AT of 2 m, SH of 2 m, WS of 10
m, AP
0.0625°x0.0625° ‘ SST
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FIGURE 1

Assumption of scenario under non-uniform EDH environment. The
red pentagram represents the antenna position. The purple, red, and
orange lines represent the EDH between points A and B at
increasing amplitudes of 0.5 m, 1 m, and 1.5 m, respectively.

ranging from 10 m to 20 m in increments of 1 m. Therefore, the
EDH at point A remains unchanged, and there are eleven cases
where the EDH at point B is 10 m, 11 m,..., 20 m. The EDH at
distances of 30, 60, 90, 120, 150, and 180 km from emission point A
increases to point B on an equal scale. For example, in Figure 1, the
purple, red, and orange lines represent the EDH between points A
and B at increasing amplitudes of 0.5 m, 1 m, and 1.5 m in the
distance interval, respectively.

When calculating electromagnetic propagation losses, this
article sets up two scenarios for electromagnetic wave
transmission and reception: radiation source emission at point A
and reception at point B; radiation source emission at point B and
reception at point A. The variation of electromagnetic propagation
loss difference with distance in non-uniformity environments with
different EDH under two different radiation source positions is
shown in Figure 2.

In Figure 2, the “EDH Dif” indicates the difference in EDH at
signal transmission and reception positions. A negative “EDH Dif”
value indicates A radiation, while a positive value indicates B

Path Loss(dB)

FIGURE 2

=]

Path Loss(dB)
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radiation. For example, when the EDH at point B is 12 m, “-2”
represents the EDH difference between point A (transmitting) and
point B (receiving), and “2” represents the EDH difference between
point B (transmitting) and point A (receiving). The “Path Loss Dif”
indicates the difference in electromagnetic propagation loss in the
two scenarios at the same distance from the radiation source (“Path
Loss Dif” = “A transmitting” - “B transmitting”).

Further, on the right side of Figure 2, the graph represents the
maximum loss difference corresponding to the left side. The
numbers on this graph represent the distance between the
maximum loss difference and the transmission end. From
Figure 2, it is evident that as the difference in EDH between the
receiving and transmitting positions increases, the propagation loss
difference initially increases and then decreases. The point of the
maximum loss difference (92 km, 23.4 dB) occurs when the EDH
difference is 7 m. Even when the EDH difference is as low as 1 m,
there is still a propagation loss difference of 6.4 dB. So, the non-
uniformity of the evaporation duct has a significant impact on the
propagation of electromagnetic waves.

To describe the uneven nature of EDH, this article adopts the
concept of terrain undulation, which encompasses the overall
elevation and surface-cutting degree of a region. In other words,
the non-uniformity of the EDH is interpreted as the undulating
characteristics of EDH. (Niu and William, 1996) defines the surface
roughness of China as follows:

P(A)
T} } /500 (5)

RDLS = {[Max(H) - Min(H)] x {1 -

In this equation (Equation 5), Max(H) represents the highest
elevation of the region, Min(H) represents the lowest elevation, P
(A) represents the flat area , and A represents the total land area.
Multiple scholars have shown that the model overestimates EDH in
stable atmospheric stratification due to differences in the diagnostic
accuracy of the NPS model for EDH under stable and unstable
atmospheric conditions (Huang et al., 2022; Zhao et al,, 2023). To
reduce errors, the non-uniformity of EDH as the proportion of non-
flat area to total area is defined in this article.

From Figure 2, it can be seen that the propagation loss
difterence is greater than 10 dB when the EDH difference is 2 m,
so this paper chooses 2 m as the threshold value, and searches for

25
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Differences in electromagnetic propagation losses in non-uniformity EDH environments.
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grids with radii of 20 km, 50 km, 100 km, and 200 km respectively
(Figure 3) that have an EDH difference of less than or equal to 2 m
from the grid point. So, when the (i,j)th grid point (i-th longitude
grid, j-th latitude grid) is used as a reference point (Equation 6), the
non-uniformity of EDH can be expressed as:

oy
RDLS_EDH;; = 1 (6)

Si,j

where Nj,;
; is the total number of grids.

is the number of grids that meet the condition, and S;,

3 Results and discussion

3.1 Spatial and temporal distribution
characteristics of EDH in the SCS

This paper conducted calculations to determine the monthly
average distribution (Figure 4) and daily distribution characteristics
(Figure 5) of the EDH in the SCS from 2017 to 2022 based on data
from CLDAS and CFSR. It is detailed that the daily distribution
represents the three-hour average of a given day, with specific time
points at 00:00, 06:00, 12:00, and 18:00 in Universal Time (For
example, 06:00 is the average of 05:00, 06:00, and 07:00). Then, the
monthly average based on these daily distributions is calculated in
this paper.

From a monthly perspective, it is obvious that the overall EDH
in the SCS gradually decreased from December to April of the

24°N |
20°N 1

16°N ]

Peningula
12°N

8°N 1

4°N - 0 _ i

= _

111°E 116°E  121°E

106°E
FIGURE 3
Study area. The blue dots represent the grid at the coastal junction,
and the colored circles represent the ranges included in the

calculation of RDLS_EDH with radii of 20 km, 50 km, 100 km, and
200 km, respectively.
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following year. This trend is particularly pronounced in the Beibu
Gulf region, where the height decreases from 12 m to less than 4m
during the period from December to March. However, the height in
this region gradually increases from April onwards. During this
period, the center of high EDH values is located in the Bashi Strait
region. Additionally, there is a low EDH area in the western part of
Luzon Island. Moving from the Bashi Strait to the southern SCS,
EDH exhibits a high-low-high spatial distribution characteristic.
From April to October, the area of high EDH value gradually shifts
from the south to the north of the SCS. Nevertheless, the highest
value of the EDH in the north of the SCS is reached in October,
while the EDH from the north to the south of the SCS continues
to decrease.

In terms of daily distribution, It is noticed that the EDH at 06:00
and 12:00 is larger than at 00:00 and 18:00, indicating a trend of first
increasing and then decreasing during a day. The maximum value
of the EDH is reached around 06:00, but the overall difference
between 06:00 and 12:00 is not significant. This suggests that the
EDH in the SCS remains relatively stable and undergoes minimal
changes during this time. Regarding spatial distribution, the areas
with EDH greater than 20 m are primarily located in coastal areas,
while the lowest heights occur on the western coast of the Beibu
Gulf. By considering March as the time boundary, the results
observed a gradual increase in the EDH along the western coast
of Luzon Island from September to March of the following year.
From April to August, the EDH gradually decreases. Similarly, the
eastern coastal area of the Indochina Peninsula exhibits a gradual
increase in EDH from March to June, reaching its peak in June, and
subsequently decreasing. In addition, the same pattern is also
observed in the western part of Hainan Island.

The summer monsoon in the SCS typically begins in May (Li
and Luo, 2021). From 2017 to 2022, the onset of the summer
monsoon occurred is pentad 28, pentad 31, pentad 26, pentad 28,
pentad 28, pentad 27, specifically on May 16-20, June 1-5, May 6-
10, and May 11-15, respectively. Based on the spatial and temporal
distribution of EDH and the onset of the summer monsoon, it can
be concluded that before the arrival of the summer monsoon, the
western coast of Luzon Island experienced higher EDH values,
while the eastern coast of the Indochina Peninsula had lower EDH
values. During this period, winds prevailed easterly in the SCS. On
the western part of Luzon Island, winds blew from the land towards
the ocean. Near sea level, the encounter of dry and cold air from
land with humid and hot air currents from the sea led to a relatively
stable atmospheric stratification in the coastal area, resulting in a
sharp reduction in vertical water vapor and an increase in the EDH
value. On the other hand, the Indochina Peninsula experienced
winds blowing from the ocean towards the mainland and cannot
form a vertical atmospheric structure with a sharp decrease in water
vapor, so the eastern part of the Indochinese Peninsula has a
smaller EDH.

After the summer monsoon, the EDH on the western coast of
Luzon Island gradually decreased, while the EDH on the eastern
coast of the Indochina Peninsula gradually increased. The changes
in the western part of Luzon Island and the eastern part of the
Indochina Peninsula are similar to those before the summer
monsoon outbreak. On the western part of Luzon Island, winds
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December

Evaporation Duct Height(m)

FIGURE 4
Monthly spatial distribution of the average EDH in the SCS.

blew from the ocean towards the land. However, on the Indochina
Peninsula, the wind blows from the mainland towards the ocean.
So, the wind blowing from the land to the ocean causes a sharp
change in the vertical gradient of water vapor on the sea surface,
resulting in a large EDH value. In addition, the EDH of overall SCS
also shows an increasing trend, but the increase is not significant.
The outbreak of the winter monsoon in the SCS has a significant
impact on the northern part, mainly reflected in the increase of
EDH in the northern part of the SCS. In other words, during spring
and winter, the northern part of the SCS experiences a higher EDH.
At this time, the northeast wind prevails, first affecting the northern
part of the SCS, and then gradually expanding to the central part,
also leading to an increase in EDH in the central region. The
northeast wind prevails in the SCS, which carries cold and dry air.
When this air meets the warm and humid air of the SCS, it easily

Frontiers in Marine Science

causes a sharp reduction in humidity in the atmospheric structure,
leading to a higher EDH value.

In summary, EDH values greater than 10 m are mainly
concentrated in the northern part of the SCS during the spring
and winter seasons. At this time, the center of high EDH values is
located in the Bashi Strait area, and high SST and high evaporation
rate are not the main factors affecting EDH changes. In terms of
daily distribution, the highest EDH values occur at 06:00, with EDH
values being higher during the day than at night. Before the summer
monsoon, the area with EDH values greater than 20 m in the SCS is
mainly located along the western coast of Luzon Island, and the
Beibu Gulf is the center of low EDH values in the SCS region. After
the onset of the summer monsoon, the area with EDH values
greater than 20 m is mainly located along the eastern coast of the
Indochinese Peninsula. Therefore, the change in sea-land breeze
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https://doi.org/10.3389/fmars.2023.1326975
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Yang et al.

10.3389/fmars.2023.1326975

FIGURE 5

Monthly and hourly spatial distribution of the average EDH in the SCS (00:00,06:00,12:00,18:00 UTC) (3-hour average).

Evaporation Duct Height(m)

caused by the transition of the SCS monsoon is the main factor
influencing the EDH changes along the western coast of Luzon
Island and the eastern coast of the Indochinese Peninsula.

3.2 Non-uniformity characteristics of
evaporation ducts in the SCS region

We calculated the spatiotemporal distribution characteristics of
the non-uniformity characteristics of EDH at radii of 20 km, 50 km,
100 km, and 200 km based on RDLS_EDH. Figures 6 and 7 show
the RDLS_EDH of the SCS at a radius of 100 km. Among them,

Frontiers in Marine Science

Figure 6 is the monthly spatial distribution of RDLS_EDH, and
Figure 7 is the daily spatial distribution of RDLS_EDH. The
monthly spatial distribution of RDLS_EDH in the SCS at 20 km,
50 km, and 200 km can be found in the Supplementary Document.

When the radius is 20 km, the RDLS_EDH of the coastal areas
of the Indochina Peninsula gradually increases from January to
June, then decreases after June. The RDLS_EDH of the entire SCS
region is relatively low. Therefore, when conducting evaporation
duct communication over the SCS, the non-uniformity of EDH can
be disregarded.

When the radius is 50 km, the RDLS_EDH in the western area
of the Beibu Gulf and the coastal areas of the Indochina Peninsula is
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larger from March to August. At the same time, there are also
obvious non-uniform characteristics of EDH in the Xisha Islands
area. From December to March of the following year, the
RDLS_EDH value in the western part of Luzon Island is more
prominent. When communicating over the sea, the non-uniformity
of EDH should be considered in the Beibu Gulf area from March to
May, while it can be ignored in the SCS.

When the radius is 100 km (Figure 6), the RDLS_EDH values at
the land-sea boundary in the SCS show an overall increase
compared to the 50 km radius. The large RDLS_EDH values are
particularly prominent in the western coastal areas of Luzon Island
from October to April of the following year, in the eastern coastal
areas of the Indochina Peninsula from March to August, and in the
Beibu Gulf from November to June of the following year, gradually
decreasing after June. Additionally, the EDH in the northern part of
the SCS shows significant non-uniformity from April to June.

10.3389/fmars.2023.1326975

When the radius is 200 km, the large RDLS_EDH values remain
prominent in the western coastal areas of Luzon Island, the eastern
coastal areas of the Indochina Peninsula, and the Beibu Gulf region.
Furthermore, the non-uniformity of the EDH in the coastal areas of
Hainan Island in China is also noticeable from March to July.

Combining Figures 4 and 6, it can be seen that the RDLS_EDH
values in the eastern coastal areas of the Indochina Peninsula are
relatively large from January to May, and the corresponding EDH
mainly shows that the values in the eastern coastal areas of the
Indochina Peninsula are small, while the EDH values in the ocean
are relatively large, that is, the EDH from coastal to sea is an
increasing trend. In addition, the reason why the RDLS_EDH value
is large in the western coastal area of Luzon Island during this
period is exactly the opposite of that in the eastern coastal area of
the Indochina Peninsula, and the EDH from coastal to sea is a
decreasing trend. However, in the eastern part of the Indochina
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Peninsula from June to August, the EDH in its coastal area
increases, and the non-uniformity is also more obvious, mainly
because the EDH gradually decreases from coastal to sea, resulting
in a relatively large RDLS_EDH in the coastal area. As for the
northern part of the SCS, the EDH in this area is generally large
from October to December, but the RDLS_EDH is small, that is, the
EDH in this area shows a good uniformity feature.

From the daily distribution (Figure 7), it can be seen that the
RDLS_EDH values in the coastal areas are relatively high at 06:00
and 12:00 (mainly at 12:00 from March to June). This indicates that
the non-uniformity of EDH in the SCS region is most pronounced

December

FIGURE 7

10.3389/fmars.2023.1326975

during these times. The next highest values of RDLS_EDH occur at
00:00, and the lowest is at 18:00. In other words, the RDLS_EDH
values show an increasing and then decreasing trend throughout the
day. From the perspective of Beijing time, the non-uniformity of
EDH is most pronounced in the afternoon to evening, and relatively
smaller at night. At 00:00, the RDLS_EDH values are higher along
the western coast of Luzon Island from November to April of the
following year, while the non-uniformity of EDH in the eastern part
of the Indochinese Peninsula is more pronounced from February to
August. At 06:00 and 12:00, the RDLS_EDH values are relatively
high in the eastern part of the Indochinese Peninsula and along the
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western coast of Luzon Island from March to May. Notably, the
EDH at 06:00 in the Xisha Islands from March to July exhibits
distinct non-uniform characteristics, while the RDLS_EDH values
for this region at other times are relatively low. Furthermore, the
variation trend of the RDLS_EDH values over the course of a day is
consistent with the monthly distribution of EDH.

3.3 Influencing variables of the SCS
RDLS_EDH month variation

As we all know, environmental variables mainly influencing the
EDH were the SST, the AT, the RH, the near-surface WS, and the
air-sea temperature difference (ASTD). According to Huang et al.
(2022), based on the spatial patterns of the two-hourly mean SST
and AT in different seasons, the SST and the AT diurnal variation is

1
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10.3389/fmars.2023.1326975

small, and the variation zones do not correspond to that of the
EDH. Therefore, to explain the RDLS_EDH month variation, the
RH, the WS, and the ASTD are mainly taken into consideration. To
analyze the RDLS_EDH relationship with the three variables
quantitatively, partial correlation analysis on the time series of
each variable is performed (Figure 8).

Firstly, from Figure 8, the partial correlation coefficient between
RH and RDLS_EDH is relatively low, followed by WS; ASTD shows
the highest partial correlation coefficient with RDLS_EDH. In
addition, with the change of months, the partial correlation
coefficients of various meteorological elements with RDLS_EDH
also exhibit distinct spatial variations. Secondly, the high values of
the partial correlation coefficient between ASTD and RDLS_EDH
are mainly concentrated in the western part of Luzon Island and the
eastern part of the Indochinese Peninsula. The low-value area of the
partial correlation coefficient between RH and RDLS_EDH is
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mainly concentrated in the southwest of Luzon Island and the
coastal area of the northern part of the SCS. In contrast, the partial
correlation coefficient between WS and RDLS_EDH is no obvious
high-value area. However, the partial correlation coefficient in the
southern part of the SCS is mostly positive, with negative partial
correlation coefficients being predominant in the northern part of
the SCS. Therefore, RDLS_EDH in the western part of Luzon Island
and the eastern part of the Indochinese Peninsula is greatly
influenced by ASTD and RH.

4 Conclusions

This article utilizes the AP, AT of 2 m, SH of 2 m, and WS of 10 m
from the CLDAS near real-time dataset, along with the SST from the
CFSR dataset, as inputs to the NPS model. Statistical analysis is
conducted on the monthly and daily distribution of EDH in the SCS,
revealing the significant impact of monsoons on the spatiotemporal
distribution of EDH at the sea-land boundary of the SCS. Subsequently,
the non-uniformity characteristics of EDH in the SCS region are
statistically analyzed based on the non-uniformity parameter of EDH,
considering electromagnetic propagation distances of 20 km, 50 km, 100
km, and 200 km, respectively, and based on partial correlation analysis,
the main influencing factors of EDH non-uniformity were explored.
These results indicate that the non-uniformity of EDH is more
pronounced in the western part of Luzon Island from October to
April of the following year, the eastern coast of the Indochina
Peninsula from March to August, and the sea-land boundary area of
the Beibu Gulf during this time. In the time scale of daily distribution, the
non-uniformity of EDH in the SCS is more prominent from afternoon to
evening and relatively small at night. Moreover, the non-uniformity of
EDH in the western part of Luzon Island and the eastern part of the
Indochinese Peninsula is greatly influenced by ASTD and RH.
Furthermore, it is recommended to consider the impact of EDH non-
uniformity characteristics when the electromagnetic propagation
distance exceeds 50 km in coastal. However, the impact of EDH non-
uniformity can be disregarded for distances less than 100 km on the
broad ocean. In practical applications, the height of communication
antennas should be adjusted appropriately based on changes in EDH
between the ocean and land.

Overall, this study provides the first elucidation of the
spatiotemporal distribution characteristics of the non-uniformity of
EDH in the range of SCS, based on the analysis of its spatiotemporal
changes. These findings offer a basis for maritime communication and
ship traffic. However, despite obtaining certain results from existing
data, there are still shortcomings. Further research is needed to explore
the physical mechanism behind the spatiotemporal characteristics of
EDH non-uniformity based on observation data.
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