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Abstract 
The visibility characteristics and meteorological conditions of a sea fog 
process on 27th February, 2016 are analyzed and the heavy fog process is si-
mulated by the Weather Research and Forecasting (WRF) model in this pa-
per. The forecast results show that the visibility in Qingdao coastal area is 
light fog on the night of the 26th. In the WRF simulation, it can be observed 
from the sea-level pressure that the wind direction of Qingdao and the coastal 
area turned southerly with the eastward movement of the low pressure system 
on surface from 1200 UTC to 1800 UTC on the 26th. A large amount of water 
vapor brought by easterly and southerly wind provides sufficient water vapor 
conditions for the formation and development of the sea fog. At 975 hPa, 
there is a strong warm tongue over Shandong Peninsula at 0600 UTC on the 
26th, while the offshore is affected by the cold tongue, where the horizontal tem-
perature gradient is large and there is a strong baroclinicity. At 850 hPa, there is 
a weak warm ridge over Qingdao at 1200 UTC on the 26th, which means that it is 
an inversion layer, which is conducive to the maintenance of fog. 
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1. Introduction 

Sea fog is a weather phenomenon that occurs in the near land or water surface 
layer. After the occurrence of sea fog, the horizontal visibility of the sea surface is 
less than 1000 m, sometimes even less than 50 m, which brings great danger to 
the safety of ships sailing and is called “silent killer”, so sea fog is known as the 
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“silent killer” on the sea. According to the incomplete statistics of Qingdao Ma-
ritime Safety Administration, nearly 50% of ship collisions or grounding acci-
dents are related to sea fog. 

The systematic research on sea fog in China can be traced back to the 1960s, 
professor Wang Binhua accumulated more than 40 years of research results and 
published the world’s first monograph on sea fog, called “sea fog”. 

There are five relatively foggy areas along the coast of China from south to 
North: the Leizhou Peninsula and the Qiongzhou Strait, Fujian coast area, Zhou-
shan Archipelago, sea area near Qingdao-ChaoLian Island and sea area near 
Chengshantou, the Yellow Sea includes two of them. In recent years, the re-
search on the distribution characteristics and formation conditions of sea fog 
over the Yellow Sea has been paid attention by scholars. 

The maximum frequency of sea fog is from 4 am to 10 am every day, followed 
by 20 pm to 3 am the next day. Gao et al. used a mesoscale model to simulate a 
sea fog case [1]. With the enrichment of satellite data and the development of 
remote sensing technology, many scholars began to use remote sensing technol-
ogy to identify and forecast fog over recent years. Hunt found that the emissivity 
of opaque clouds (such as fog, low cloud and ice cloud) is significantly different in 
the mid-infrared band and long wave infrared band [2]. On this basis, Eyer et al. 
used AVHRR/NOAA brightness temperature difference between mid-infrared 
band and long wave infrared band to identify fog/low cloud at night [3]. After 
that, Turner et al., Bendix et al., Reudenbach and Bendix continuously tried and 
applied, and formed a method called “dual-channel” which is widely used in 
meteorological operation to identify fog/low cloud at night [4] [5] [6]. Then, 
Zhang and Yi, Yi et al. used Dynamic Threshold to distinguish sea fog and low 
clouds [7] [8] [9]. 

With the rapid development of numerical forecast technology, by adding fog 
diagnosis algorithm in the post-processing module of numerical model, China 
has initially established the Sea Fog Numerical Prediction System for the Yellow 
Sea, Bohai Sea and coastal region in the East China, which provides technical 
support for sea fog forecast in coastal areas. This paper will analyze the meteo-
rological conditions of the sea fog process which occurred on February 27th, 2016 
through the analysis and numerical simulation. The purpose of this paper is to 
enrich the research cases of sea fog along the coast of Qingdao and improve the 
operational forecasting ability of sea fog 

2. Data and Methods 

The Weather Research and Forecasting (WRF) model is used to examine the 
physical processes involved in the fog event. The center of domains is at (116˚E, 
39˚N). The entire grid system has 46 vertical layers in η coordinates. The main 
physical options of the models are shown in Table 1. The time step is 120 s. The 
reanalysis data from FNL and SST product from EAR-GOOS are used as the ini-
tial and boundary conditions. 
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Routine weather data (eight times daily) and GPS soundings (two times daily) 
are provided by Qingdao Meteorological Administration. The visibility is ob-
tained from an automatic weather station (ATWS) in Qingdao with the sam-
pling interval in 10 minutes. 

3. Observations 

Figure 1 shows the visibility from 2000 LST 26th to 0800 LST 27th, as shown in 
this Figure, The visibility dropped significantly form 2000 LST to 2200 LST 26th 
February. Especially, the visibility reduced most at the Daqiao4 station and 
dropped below 1000 m at other stations successively, which means a heavy fog 
occurred. In some periods, the visibility dropped below 100 m. 

4. Weather Situation Analysis 

From the sea level pressure field (Figure 2), it can be seen that from 1200 UTC 
on the 25th to 0000 UTC on the 26th, the Qingdao area was mainly affected by the 
inverted trough on the ground, and the wind direction changed from southerly 
to easterly. At 0600 UTC on the 26th, Qingdao was located in the northwest of 
the low pressure. The wind direction of the land on the west side of Qingdao is 
westerly, and the wind direction of the ocean on the east side of Qingdao is easterly.  

 
Table 1. Specification of WRF modeling. 

 Domain 1 Domain 2 

Grid spacing (km) 30 10 

Timesteps (s) 120 60 

IC/BC FNL and EAR-GOOS Domain 1 

Convection Betts-Miller-Janjic 

Longwave Radiation RRTMG 

Shortwave Radiation RRTMG 

PBL MYNN2 

Microphysics Eta(Ferrier) 

Surface Noah 

 

 
Figure 1. The time series of visibility from 2000 LST 26th to 0800 LST 27th FEB 2016. 

https://doi.org/10.4236/acs.2021.113024


X. M. Shi et al. 
 

 

DOI: 10.4236/acs.2021.113024 422 Atmospheric and Climate Sciences 
 

 
Figure 2. Sea level pressure field (solid line, 1 hPa interval) and 1000 hPa horizontal wind field (vector) (The red lines represent 
the land topography). 
 

From 1200 UTC to 1800 UTC on the 26th, as the ground low pressure system 
moved eastward, the wind direction in Qingdao and adjacent sea areas turned to 
south. The easterly wind and the southerly wind carry a large amount of water 
vapor, and the water vapor conditions for the formation and development of sea 
fog are sufficient. 

It can be seen from Figure 3 that, except for 0000 UTC on the 26th, the iso-
therms of Qingdao and adjacent sea areas are relatively dense. From 1200 UTC 
on the 25th to 1800 UTC on the 26th, the area has been affected by warm advec-
tion and the warm advection is strong except for 1200 UTC on the 26th. At 1200 
and 1800 UTC on the 25th, 1200 UTC on the 26th, there was a weak warm tongue 
in Qingdao offshore. At 0600 UTC on the 26th, there was a strong warm tongue 
over the Shandong Peninsula, while the coastal waters were affected by the cold  
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Figure 3. 975 hPa weather chart. The black line is the geopotential height (interval 5 gpm), the red line is the temperature (interval 
1˚C). 
 

tongue, where the horizontal temperature gradient was large, and there was strong 
baroclinicity. 

Except for 0600 UTC on the 26th, there has been warm advection over Qing-
dao (picture omitted). From 1200 UTC on the 25th to 0000 UTC on the 26th, the 
warm tongue is located in the Yellow Sea and is constantly moving eastward. A 
warm tongue was formed on the land west of Qingdao at 0000 UTC on the 26th, 
and a strong warm tongue was present over the Shandong Peninsula at 0600 
UTC on the 26th, while a cold tongue was seen offshore. The formation of this 
inversion layer was a favorable condition for the development of fog. 

It can be seen that the isotherms of Qingdao and adjacent sea areas are rela-
tively dense. There has always been a warm advection over Qingdao. This pro-
vides favorable conditions for the development of sea fog to form an inversion 
layer. There are weak warm ridges over Qingdao from 12 UTC on the 25th to 00 
UTC on the 26th and 12 UTC on the 26th, which means that there is still a weak 
temperature inversion here, which is conducive to the maintenance of fog. This 
feature still exists at levels below 850 hPa and the warm ridge is more pronounced  
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Figure 4. Cloud-water mixing ratio distribution map. The filling is greater than 0.016 g/kg. 
 

than 850 hPa. The schematic diagram of cloud-water mixing ratio (Figure 4) 
shows that the foggy area extends from southwest to northeast. 

5. Summary 

It can be seen from the sea level pressure field that from 1200 UTC to 1800 UTC 
on the 26th, with the eastward movement of the surface low pressure system, the 
wind direction of Qingdao and its adjacent coastal areas turned southerly. The 
easterly and southerly winds bring a lot of water vapor, which provides sufficient 
water vapor conditions for the formation and development of sea fog. 

6. Discussion 

At 975 hPa, there is a strong warm tongue over Shandong Peninsula at 0600 
UTC on the 26th, while the offshore is affected by the cold tongue, where the ho-
rizontal temperature gradient is large and there is a strong baroclinicity. At 850 
hPa, there is a weak warm ridge over Qingdao at 1200 UTC on the 26th, which 
means that it is an inversion layer, which is conducive to the maintenance of fog. 
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