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Abstract: In the Yellow and Bohai Seas, the detailed characteristics of visibility are analyzed based
on automatic hourly observation data of marine visibility between 2019 and 2021. The results show
that the annual average visibility in the Yellow and Bohai Seas is 13.346 km. The average visibility at
high latitudes is higher than that at low latitudes in the Yellow and Bohai Seas. The low visibility
area is mainly distributed in the southwest of the Yellow Sea. There are obvious seasonal differences
in visibility in the Yellow and Bohai Seas. Visibility is high from September to November, with
maximum values in October. Visibility is lowest in July when the maximum visibility is low and
the minimum visibility is high. The visibility in spring is overall relatively low, and the areas of low
visibility appear in the southwest of the Yellow Sea. The visibility in autumn is overall relatively
high, and the areas of high visibility occur in the northern part of the Bohai and Yellow Seas. The
visibility has significant intraday variation. The visibility around sunset is significantly higher than
that around sunrise. The hourly visibility is low between 4:00 and 9:00, with the lowest visibility most
likely around 7:00. The hourly visibility is high between 16:00 and 21:00, with the highest visibility
most likely around 18:00. Low visibility occurs frequently between November and April, most of all
in March. Low visibility most often occurs between 4:00 and 7:00. Low visibility may occur at any
time between November and April, and also in mornings between May and August. It occurs less
often at other times.

Keywords: climatology; visibility; Yellow Sea and Bohai Sea; observation data

1. Introduction

The Yellow and Bohai Seas form an important maritime area in the north of China,
and many of its ports are busy with shipping. Atmospheric visibility is an important
meteorological factor affecting marine transportation. Low visibility will make it difficult
to observe and position, which can easily cause marine traffic accidents such as collisions,
resulting in casualties, property losses, and environmental pollution. The monitoring
and forecasting of visibility can be improved by studying the changes in visibility more
precisely [1–4].

Many researchers have studied maritime visibility. Visibility research methods can be
roughly divided into three categories: field observation [5–7], satellite remote sensing [8,9]
and numerical simulation [10–13]. Research areas have been mostly concentrated in the
Newfoundland Sea area on the east coast of Canada, the sea area south of the Kamchatka
Peninsula, the California sea area on the west coast of the United States, the sea area off the
northeast coast of Scotland in the United Kingdom and the Yellow Sea of China [14–18].
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Fog is the most common and severe low–visibility weather, receiving much atten-
tion. Visibility is an indicator used to distinguish different intensities of fog. The weather
processes that lead to low visibility and thus impact maritime navigation mainly occur
in the atmospheric boundary layer at sea. However, most of our understanding of the
atmospheric boundary layer comes from studies carried out on land. A series of observa-
tion plans of maritime visibility have been implemented such as CALSPAN, CEWCOM
and Project Haar [19–21]. By such means, detailed information about the maritime atmo-
spheric boundary layer formed by low visibility has been obtained. At the same time, the
boundary layer structure of sea fog with low visibility is analyzed. These field observation
plans have raised awareness of low visibility and related concerns [22–25]. The research
provides an important reference for the accurate observation and judgment of low visi-
bility weather. However, these observations are mostly experiments, and real-time and
continuous observation data cannot be obtained.

Changes in sea visibility in the Yellow and Bohai Seas have long been a matter of
concern. Due to a lack of data obtained by direct observation at sea [26–28], the temporal
and spatial characteristics of visibility have few studies over the whole Yellow and Bohai
Seas. However, detailed observational data are essential if sea visibility in this region is to
be effectively monitored and forecasted. For this reason, the observation of marine visibility
needs to be improved in the Yellow and Bohai Seas [2,29,30].

In recent years, through the deployment of automatic stations and buoys and the
accumulation of ship observation data, the visibility observation capability of the Yellow
Sea and the Bohai Sea has been gradually enhanced. In this study, climatic characteristics of
maritime visibility and the frequency of low-visibility conditions in the Yellow and Bohai
Seas are analyzed in detail, based on high-temporal-resolution automatic observation data
of marine visibility obtained.

2. Materials and Methods

This study uses the automatic observation data of hourly marine visibility between
2019 and 2021, which is sourced from the National Meteorological Information Center. The
hourly automatic observation data set can monitor changes in meteorological parameters, as
well as hydrological information, in key sea areas with high time resolution in a continuous
and long-term manner. Automatic visibility observation devices are carried on observation
platforms such as buoys and oil platforms. The observation instruments of visibility include
forward scattering instruments and transmission instruments. Two instruments obtain
visibility, respectively, by measuring the scattering coefficient and transmission coefficient
of air [31]. The average observation error of the instruments is less than 20%, which meets
the range of visibility measurement uncertainty specified by WMO [32,33]. The National
Meteorological Information Center has integrated and controlled the quality of data from
automatic observation device which have been added to the Yellow and Bohai Seas in
recent years, thereby enriching the ocean observation data of this area and providing data
support for the development of marine meteorological research. The 2 m temperature,
sea surface temperature, 10 m u-component of wind, and 10 m v-component of wind of
ERA5 monthly averaged reanalysis data was used to analyze the climate characteristics in
the Yellow and Bohai seas from 1991 to 2020 (https://cds.climate.copernicus.eu/cdsapp#
!/dataset/reanalysis-era5-single-levels-monthly-means?tab=form, accessed on 30 June
2023) [34].

Automatic hourly observation data of marine visibility are obtained as follows: If less
than 3 h are missing in a day, the data for that day are retained. If more than 3 h are missing
in a day, the observation data for that day are considered absent. There are 12 missing
times, with missing times accounting for less than 0.04% of the total times. The annual
average value of visibility is the average value of visibility from January to December in a
calendar year. The seasonal division method is as follows: winter extends from December
in one year through to February of the next; spring from March to May; summer from June

https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels-monthly-means?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels-monthly-means?tab=form
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to August; and autumn from September to November. The standard deviation of visibility
is calculated based on the hourly average visibility data in the Yellow and Bohai Sea.

According to Koschmieder’s law (Formula (1)), the visibility is inversely proportional
to the atmospheric extinction coefficient.

VIS =
−ln(ε)

σ
(1)

where VIS is visibility, and σ is atmospheric extinction coefficient, and ε is contrast threshold.
The atmospheric extinction coefficient can be considered as spatially continuous

and can be Linear interpolation. For the visible light interpolation process, visibility is
first converted to atmospheric extinction coefficient, and then the extinction coefficient is
interpolated, and then converted back to visibility.

The spatial distribution of visibility is interpolated using natural interpolation method
and extrapolated using linear method [35]. The spatiotemporal characteristics of monthly
visibility in the Yellow and Bohai Sea from 2019 to 2021 were analyzed by the EOF method.
The seasonal probability distribution function of visibility, at intervals of 2 km, is deter-
mined by the frequency of visibility. The probability distribution function of visibility has
been normalized. The cumulative probability distribution function is used to analyze the
distribution of visibility data in February and July. The cumulative probability distribution
function of visibility has also been normalized. According to the “Convention on the
International Regulations for Preventing Collisions at Sea” [36], special safety measures are
required for sea navigation with visibility below 2 nautical miles. The frequency character-
istics of visibility from 2 km to 5 km were analyzed by classification in this study. Average
visibility of less than 5 km is defined as low visibility. The frequency of low visibility
is the times accumulated when the average visibility is less than 5 km. The study area
(117~127.5◦ E, 35~41.5◦ N) is the Yellow Sea and the Bohai Sea (Figure 1a). The selected
period of visibility observation data covers three years from 2019 to 2021. The spatial
distribution of observation stations covers the same sea area (Figure 1b).
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3. Results
3.1. Annual and Seasonal Characteristics of Visibility

The climate characteristics of the Yellow and Bohai Seas were analyzed using ERA5
reanalysis data on 2 m air temperature, sea surface temperature, and wind from 1991 to 2020
(Figure 2). From the spatial distribution, it can be seen that both the 2 m air temperature
and sea surface temperature in the Yellow and Bohai Sea have the characteristics of low
in the north and high in the south. In the Yellow and Bohai Seas, the climate is obviously
a monsoonal climate, and southern winds prevail in summer, and northwestern winds
prevail in winter.
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Figure 2. The climate characteristics in the Yellow and Bohai Seas from 1991 to 2020 ((a) 2 m air
temperature, (b) sea surface temperature, (c) wind in summer, (d) wind in winter).

In the Yellow and Bohai Seas, the average visibility at high latitudes is higher than that
at low latitudes (Figure 3a). The low visibility area is mainly distributed in the southwest
of the Yellow Sea. From the seasonal distribution of visibility (Figure 3b–e), the visibility in
spring is overall relatively low, and the areas of low visibility appear in the southwest of
the Yellow Sea. The visibility in autumn is overall relatively high, and the areas of high
visibility occur in the northern part of the Bohai and Yellow Seas. Throughout the four
seasons, the visibility in the southwest of the Yellow Sea has been consistently low.



Atmosphere 2023, 14, 1101 5 of 15

Atmosphere 2023, 14, 1101 5 of 14 
 

 

between that in autumn and in summer. The average and median visibility in winter and 
spring were similar. 

The maximum standard deviation of visibility was 4.749 km, in winter, and the min-
imum standard deviation of visibility was 3.612 km, in summer. Although the average 
visibility in winter and summer is similar, the standard deviation of visibility in winter is 
significantly greater than that in summer, indicating that there is a significant difference 
in the distribution of visibility in winter and summer. 

 

Figure 3. The distribution of annual (a) and seasonal ((b) winter, (c) spring, (d) summer, (e) autumn) 
average visibility in the Yellow and Bohai Seas from 2019 to 2021. 

  

(a) 

(b) (c) 

(d) (e) 

unit: m unit: m 

unit: m unit: m 

unit: m 

Figure 3. The distribution of annual (a) and seasonal ((b) winter, (c) spring, (d) summer, (e) autumn)
average visibility in the Yellow and Bohai Seas from 2019 to 2021.

Between 2019 and 2021, annual average visibility in the Yellow and Bohai Seas was
13.346 km, and the standard deviation of the annual average visibility was 4.351 km
(Table 1). As shown by the values in Table 1, the maximum average and median of visibility
both occurred in autumn and were 15.514 km and 15.696 km, respectively. The mini-
mum average and median of visibility both occurred in summer and were 12.529 km and
12.312 km (Table 1), respectively. The average and median visibility shows significant
differences between that in autumn and in summer. The average and median visibility in
winter and spring were similar.



Atmosphere 2023, 14, 1101 6 of 15

Table 1. Seasonal average and standard deviations of visibility (unit/km) in the Yellow and Bohai
Seas from 2019 to 2021.

Winter Spring Summer Autumn Annual

Average 12.757 12.599 12.529 15.514 13.346
Median 12.489 12.692 12.312 15.696 13.286

Standard Deviation 4.749 4.007 3.612 4.231 4.351

The maximum standard deviation of visibility was 4.749 km, in winter, and the
minimum standard deviation of visibility was 3.612 km, in summer. Although the average
visibility in winter and summer is similar, the standard deviation of visibility in winter is
significantly greater than that in summer, indicating that there is a significant difference in
the distribution of visibility in winter and summer.

Analysis of the data reveals obvious seasonal differences in the distribution of visibility
in the Yellow and Bohai Seas (Figure 4). Maximum values of PDF (Probability Density
Function) in summer and autumn are greater than 0.2, while maximum values of PDF
in winter and spring are lower than 0.2. The maximum value of visibility distribution
in winter and spring is obtained at 12–14 km, while the maximum values of visibility
distribution in summer and autumn are obtained at 10–12 km and 16–18 km, respectively.
The area of statistical distribution of low visibility is greatest in winter, and the area of high
visibility is greatest in autumn.
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3.2. Monthly Characteristics of Visibility

The average visibility was high and was more than 15 km from September to Novem-
ber (Table 2). The average visibility was smaller in February and July, and the visibility was
less than 12 km. The maximum average visibility appeared in October and was 15.659 km.
The minimum average visibility appeared in July and was 11.677 km.
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Table 2. Monthly average and standard deviations of visibility (unit/km) in the Yellow and Bohai
Seas from 2019 to 2021.

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Average 12.494 11.794 12.101 12.728 12.972 12.268 11.677 13.632 15.635 15.659 15.242 13.902
Median 12.439 11.098 12.131 12.436 13.174 12.062 11.527 13.782 16.009 15.548 15.444 13.908

Standard Deviation 4.386 4.705 4.601 3.841 3.439 3.633 2.906 3.938 3.419 4.533 4.614 4.904

The median visibility was high from September to November, which also exceeded
15 km (Table 2). The median visibility was low in February and July, and was less than
12 km. The maximum median visibility appeared in September and was 16.009 km. The
minimum median visibility appeared in February and was 11.098 km. The maximum
average visibility and the maximum median visibility appeared in October and September,
respectively. The occurrence time of the minimum average visibility and the minimum
median visibility appeared in July and February, respectively.

From the monthly data distribution (Figure 5), it can also be observed that changes
in monthly median visibility are similar to changes in the average value. Notably, the
maximum visibility is low and the minimum visibility is high in July.
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The minimum value of the standard deviation of visibility appeared in July and was
2.906 km (Table 2). The maximum value of standard deviation of visibility appeared in
December, which was 4.904 km. The standard deviation of visibility in July was small,
indicating that the distribution of visibility in July was concentrated, and the fluctuation
of visibility in July was small. The standard deviation of visibility in December is large
(Figure 5).

The average and median visibility in February and July are very close, but the standard
deviation in February is significantly greater than that in July, resulting in a large difference
in the distribution of visibility between February and July. It can be clearly seen from the
comparison of the cumulative distribution function (CDF) in February and July (Figure 6)
that the occurrence probability of low visibility of less than 6 km in February is significantly
larger than that in July, and the occurrence probability of a high visibility of more than
16 km in February is also significantly larger than that in July. The frequency of low visibility
weather and high visibility weather in February is greater than that in July. Although the
average and median visibility in February and July are very close, there is a huge difference
in terms of low visibility between February and July, which has attracted much attention.
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The spatiotemporal characteristics of visibility in the Yellow and Bohai Sea from
2019 to 2021 were analyzed using the EOF method (Figure 7). The variance contribution
of the first and second modes are 64.4% and 17.4%, respectively, and the total variance
contribution of the two modes is 81.8%. The first mode is positive in the northern Bohai Sea
and negative in the eastern Yellow Sea. The second mode is negative in the west of Bohai
Sea and positive in the north and southeast of Yellow Sea. The time coefficients of the first
and second modes have obvious changes with time, and the frequency of positive–negative
alternation of the first mode time coefficient is higher.
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3.3. Intraday Variations of Visibility

It can be seen from the curve of hourly visibility in the Yellow and Bohai Seas (Figure 8)
that the hourly visibility is low between 4:00 and 9:00, and the lowest visibility is most likely
around 7:00. The hourly visibility is high between 16:00 and 21:00, and highest visibility
most likely around 18:00. The visibility has obvious intraday variation characteristics. The
visibility around sunset is significantly higher than that around sunrise.
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Considering the distribution of visibility in the Yellow and Bohai Seas on an hourly and
monthly basis (Figure 9), it can be seen that visibility between September and November is
significantly higher than in other months. There is an obvious low-visibility period between
5:00 and 9:00 in the June–September period, with the lowest visibility occurring around
7:00 in July. There is also a high-visibility period between 18:00 and 21:00 in September,
with the highest visibility occurring around 19:00.
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3.4. Characteristics of Low Visibility

Because low visibility has attracted more attention in previous studies, we focus on
low visibility in our analysis. From the monthly statistical chart of low-visibility frequency
in the Yellow and Bohai Seas (Figure 10), it can be seen that low visibility occurs frequently
between November and April, and most frequently of all in March. The frequency of low
visibility from July to October is relatively low.
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The change of low visibility in the Yellow and Bohai Seas during the years from
2019 to 2021 can be divided into three stages: many, medium and few. The many stage
of low visibility is from November to April of the next year. The medium stage is May
and June. The few stage is from July to October (Figure 10). In the many stage, the
frequency of visibility of less than 5 km is higher and is more than 30 times. In the few
stage, the frequency of visibility of less than 5 km is less than 15 times. In the medium
stage, the frequency of visibility of less than 5 km is between 15 and 30 times. The variation
characteristics of visibility of less than 4 km are similar as those of visibility of less than
5 km. The frequency of low visibility in the many stage is significantly higher than that in
the few stage.

It can be seen from the hourly frequency of low visibility in the Yellow and Bohai
Seas (Figure 11) that there are many instances of visibility less than 5 km between 4:00
and 7:00. Low visibility occurs less frequently between 13:00 and 18:00. The frequency of
low visibility around sunrise is significantly higher than that around sunset. The curve of
hourly low-visibility frequency is similar to the curve of hourly visibility, showing obvious
intraday variation characteristics, but the two curves are not completely corresponding.
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From the days–hours statistical chart of low visibility in the Yellow and Bohai Seas
(Figure 12), it can be seen that low visibility is most likely between November and April,
when it may occur at any time of the day. Low visibility is also widespread during mornings
between May and August. It occurs less frequently at other times.



Atmosphere 2023, 14, 1101 11 of 15

Atmosphere 2023, 14, 1101 10 of 14 
 

 

It can be seen from the hourly frequency of low visibility in the Yellow and Bohai 
Seas (Figure 11) that there are many instances of visibility less than 5 km between 4:00 and 
7:00. Low visibility occurs less frequently between 13:00 and 18:00. The frequency of low 
visibility around sunrise is significantly higher than that around sunset. The curve of 
hourly low-visibility frequency is similar to the curve of hourly visibility, showing obvi-
ous intraday variation characteristics, but the two curves are not completely correspond-
ing. 

 
Figure 11. Hourly frequencies of low visibility in the Yellow and Bohai Seas from 2019 to 2021. 

From the days–hours statistical chart of low visibility in the Yellow and Bohai Seas 
(Figure 12), it can be seen that low visibility is most likely between November and April, 
when it may occur at any time of the day. Low visibility is also widespread during morn-
ings between May and August. It occurs less frequently at other times. 

 
Figure 12. Daily and hourly distributions of low visibility values in the Yellow and Bohai Seas from 
2019 to 2021 (Average visibility of less than 5 km is defined as low visibility). 

4. Discussion 
At present, the visibility monitoring of the Yellow and Bohai Seas is mainly based on 

field observation data and satellite data, both of which have advantages and disad-
vantages. The field observation data offer high accuracy, but limited coverage. Satellite 
data have advantages in spatial distribution, but their observation accuracy is low. Re-
cently, the number of automatic observation devices of visibility in the Yellow and Bohai 
Seas has been increased, and their observation mode has been changed from manual ob-

unit:km 

Figure 12. Daily and hourly distributions of low visibility values in the Yellow and Bohai Seas from
2019 to 2021 (Average visibility of less than 5 km is defined as low visibility).

4. Discussion

At present, the visibility monitoring of the Yellow and Bohai Seas is mainly based on
field observation data and satellite data, both of which have advantages and disadvantages.
The field observation data offer high accuracy, but limited coverage. Satellite data have
advantages in spatial distribution, but their observation accuracy is low. Recently, the
number of automatic observation devices of visibility in the Yellow and Bohai Seas has
been increased, and their observation mode has been changed from manual observation
three times a day to automatic observation with high time resolution. Using automatic
observation data of hourly marine visibility, the precise characteristics of visibility in the
region were analyzed in this study.

We found that low visibility in the Yellow and Bohai Seas occurs most frequently
between November and April, and most frequently of all in March. The frequency of low
visibility from July to October is relatively low. Using satellite data, Wu et al. [37] found that
sea fog in the Bohai Sea is most prevalent in December, followed by April, but is less likely
to occur between August and October. In the Yellow Sea, fog is most prevalent between
March to June, and most of all in April, with less fog between August and November, least
of all in October. The study region of this paper covered both the Yellow Sea and the Bohai
Sea. The periods of low visibility identified in this study are basically consistent with those
found by Wu et al. [37]. The reported periods of high visibility indicate the common time
characteristics of the Yellow and Bohai Seas.

This study used high-time-resolution observation data, and because observation
modes have recently changed from manual observation three times a day to a higher-
frequency automatic observation, more detailed data can now be obtained. The hourly
visibility is low between 4:00 and 9:00, with low visibility most likely around 7:00. The
hourly visibility is high between 16:00 and 21:00, and high visibility most likely around
18:00. The visibility has obvious intraday variation characteristics. The visibility around
sunset is significantly higher than that around sunrise. From hourly marine visibility
data, we found that low visibility is most likely between 4:00 and 7:00, and most likely
of all at 6:00. Low visibility is least likely between 17:00 and 19:00, and least likely of
all around 18:00. The curve of hourly low-visibility frequency is similar to the curve of
hourly visibility, showing obvious intraday change characteristics, but the two curves are
not consistent. Zheng et al. [38] studied daily variations in sea fog in the Bohai Sea using
artificial observation data obtained three times a day. They found that fog was most likely
to occur at 8:00, and less likely at 14:00 and at 20:00. The results of this study are supported
by those obtained by Zheng et al. [38]. We give the hourly variation of low visibility, which
is more detailed than the characteristics reflected by Zheng et al. [38].

Although the average visibility in July is small, the low visibility is very few; the
two are not contradictory. The maximum visibility is low and the minimum visibility is
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high in July, resulting in the overall average visibility is low, while the frequency of low
visibility weather is very few. The average and median of visibility in February and July
are very close, but the standard deviation of February is significantly greater than that of
July, resulting in a large difference in the distribution of visibility between February and
July. There is a huge difference in terms of low visibility between February and July. The
frequency of low-visibility weather and high-visibility weather in February are greater than
that in July.

In spring, the areas of low visibility appear in the southwest of the Yellow Sea. In
autumn, the areas of high visibility occur in the northern part of the Bohai and Yellow Seas.
Using satellite data, Wu et al. [37] found that the frequency of sea fog in the western Yellow
Sea is significantly higher than that in the Bohai Sea in spring, and the frequency of sea fog
in autumn is the lowest among the four seasons. The results of this study are supported by
those obtained by Wu et al. [37].

According to Koschmieder’s law, visibility is inversely proportional to the extinction
coefficient. The attenuation of light intensity caused by the absorption and scattering of
light by substances such as gas molecules, aerosol particles, and water droplets when visible
light passes through the atmosphere [39]. Therefore, the magnitude of this coefficient is
influenced by the composition of the atmosphere. The weather phenomena that affect the
extinction coefficient include fog, haze, precipitation, snowfall, and dust. The correspond-
ing meteorological elements include humidity, aerosol concentration, precipitation and
snowfall [40,41].

The data in this study covers the period from 2019 to 2021. There is a great deal of
scientific evidence to support that the global pollutant levels dropped during the pandemic
of COVID-19. Some pollutants have the ability to act as fog condensation nuclei, and
reduced pollutants may lead to increased visibility [42,43]. The visibility during 2020–2021
in the Yellow Sea and Bohai Sea may be better than the average. The data used in this
study covers a short time period. There is, therefore, a need for longer-term high-resolution
visibility observation data, so that variations in visibility in the Yellow and Bohai Sea area
can be better understood.

At present, although the extent of sea visibility observation covers the whole of the
Yellow and Bohai Sea region, there is an uneven spatial distribution of observation stations.
The density of observation stations close to the coast is higher than that of those located far
offshore. In terms of spatial representation, there is still a significant difference between
offshore and the open sea. The observations of marine visibility in the Yellow and Bohai
Seas needs to be increased continuously.

5. Conclusions

Based on the hourly observation data of visibility which we obtained for the Yellow
and Bohai Seas during the years 2019–2021, and our analysis of climatic characteristics of
sea visibility in this region during this time, the following conclusions can be stated.

(1) Between 2019 and 2021, the annual average visibility of the Yellow Sea and Bohai
Sea was 13.346 km, and the standard deviation of the annual average visibility was
4.351 km. There were obvious differences in the distribution of visibility across the
seasons. The maximum average visibility was 15.514 km, in autumn. The minimum
average visibility of 12.529 km occurred in summer. The maximum standard deviation
of visibility of 4.749 km was recorded in winter and the minimum standard deviation
of 3.612 km was recorded in summer. The highest values of visibility distribution in
winter and spring were in the range of 12–14 km, while the highest values of visibility
distribution in summer and autumn were in the range of 10–12 km and 16–18 km,
respectively. The areas of low visibility appear in the southwest of the Yellow Sea in
spring. The areas of high visibility occur in the northern part of the Bohai and Yellow
Seas in autumn. The low visibility area is mainly distributed in the southwest of the
Yellow Sea.
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(2) Changes in monthly median visibility were similar to changes in average value. The
monthly visibility was high from September to November. The average value of
visibility was highest in October and lowest in July. In July, the maximum visibility is
low, and the minimum visibility is high. The visibility has obvious intraday variation
characteristics. The visibility around sunset is significantly higher than that around
sunrise. The hourly visibility is low between 4:00 and 9:00, with low visibility most
likely around 7:00. The hourly visibility is high between 16:00 and 21:00, and high
visibility most likely around 18:00.

(3) Between November and April, low visibility occurs frequently, most frequently in
March. Between July and October, the frequency of low visibility was relatively low.
Low visibility occurred frequently between 4:00 and 7:00. The change of low visibility
in the Yellow and Bohai Seas can be divided into three stages: many, medium and
few. The many stage of low visibility is from November to April of the next year.
The medium stage is May and June. The few stage is from July to October. In the
Yellow and Bohai seas, low visibility mainly occurs at any time between November
and April, and also during mornings between May and August. It occurs less often at
other times.
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