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Observations show that the northeast Pacific (NEP) is a fog-prone area in winter

compared with the northwest and central Pacific where fog rarely occurs in

winter. By synthesizing observations and reanalysis results from 1979 to 2019,

this study investigates the atmospheric circulation and marine atmospheric

boundary layer structure associated with marine fog over the NEP in winter.

Composite analysis shows that the eastern flank of the Aleutian low and the

northwestern flank of the Pacific subtropical high jointly contribute to a

northward air flow over the NEP. Under such conditions, warm and moist air

flows through a cooler sea surface and facilitates the formation of advection-

cooling fog. The air near the sea surface in foggy areas is cooled by the

downward sensible heat flux. The smaller upward latent heat flux

(~10 Wm−2) compared to the surrounding area (>60Wm−2) demonstrates

that the moisture originates from the advection instead of local evaporation.

The lower (at 925 to 875 hPa) and stronger (up to 0.08 K hPa−1) inversion layer,

compared with cloudy cases and the turbulence in the lower atmosphere

(below 975 hPa), also promotes fog formation and evolution. Approximately

68% of all fog cases (42242) show positive differences between surface air

temperature (SAT) and sea surface temperature (SST), while 32% are negative,

during southerly winds. Composite analysis of the latter shows lower specific

humidity above the inversion bottom compared to the former. Dry air enhances

longwave radiative cooling from the fog top, favoring cooling of the fog layer,

gradually causing SAT to fall below SST.
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1 Introduction

Marine fog occurs over oceans and coastal regions when tiny

water droplets sustain in the atmospheric boundary layer and

cause the degradation of atmospheric horizontal visibility to less

than 1 km (Wang, 1985). The low visibility in marine fog may

cause ship damages, casualties, and economic losses (Gultepe

et al., 2007).

The midlatitude region of the northwest Pacific (NWP) is

the foggiest area worldwide. The annual marine fog frequency

(MFF) is up to 23% (Fu and Song, 2014) and reaches 59.8% in

summer (June–August) (Dorman et al., 2017). The large-scale

circulation associated with marine fog in the NWP has been

analyzed in previous literature. Sugimoto et al. (2013) indicate

that the strengthened Okhotsk high and suppression of the

northward extension of the northern Pacific surface high

(NPSH) were responsible for the declining trend of MFF

during 1931–2010 at Kushiro, Hokkaido, in July. Zhang

et al. (2015) suggest that the position and orientation of

the NPSH is the most important factor influencing the

MFF in the NWP.

In a cold season (November–February), fog rarely occurs

over the NWP, and the MFF is close to zero, under the influence

of the cold winter monsoon from the Asian continent (Wang,

1985). However, the MFF over the northeast Pacific (NEP) is

higher than the MFF over the NWP, with a maximum of 11%

(Figure 1). It is unclear why marine fog often occurs in winter in

the NEP. Some of the differences are because of specifics of

atmospheric forcing that generates a separation of the North

Pacific (NP) in winter into the eastern and western parts. By

using the EOF computation of NCEP/NCAR reanalysis data

(Kalnay et al., 1996) for 1948–2011, Xia et al. (2016) showed

distinct synoptic-scale eddy regions at 850 hPa in winter in the

eastern and western Pacific.

NEP should be also viewed in the context of long-term

variability of main parameters. Based on an analysis of

century-long observations, Johnstone and Mantua (2014)

show that there is a warming trend over the NEP in the

coastal sea surface temperature (SST) and sensible heat flux,

while their negative trends are over the north-central Pacific

(NCP). They attributed the warming trends to changes in

atmospheric conditions and low interdecadal variability in

surface-level pressure anomalies. This should also bear

importance on understanding the climatology of marine fog,

its frequency, and possible trends.

Previous studies indicate that marine fog can form over the

cold sea surface under the conditions of abundant moisture

supply and stable atmospheric stratification (Wang, 1985; Gao

et al., 2007; Zhang et al., 2009). Marine stratus can convert to fog

forced by synoptic-scale anticyclone in transient weather systems

or the Pacific high (Koračin et al., 2001; Lewis et al., 2003).

Studies such as those of Oliver et al. (1978), Koračin et al. (2005),

and Yang et al. (2018) suggest that the longwave radiation

cooling at the fog top plays an important role in advection

fog. The physical processes for fog formation in the NEP in

winter remain unclear so far.

In the present study, 40-year observations and reanalysis

results were used to reveal the synoptic conditions and the

marine atmospheric boundary layer (MABL) structure

associated with marine fog over the NEP. The current study

analyzes the main weather pattern affecting the formation of

marine fog over the open water of the NEP in winter and how it

controls the fog. Properties of the MABL structure are also

investigated to reveal significant features of the fog compared

to those of low clouds. These findings advance our knowledge of

the physical mechanism of fog formation in the NEP in winter

and help distinguish sea fog from low clouds since the influences

of the two associated weather phenomena on human activities

are different, which can be helpful for the improvement of

boundary layer parameterization schemes and fog prediction

in general.

The article is organized as follows: Following Section 1,

Section 2 describes the data sets and the method. Section 3

analyzes the atmospheric circulation regarding the formation

and evolution of fog. Section 4 examines the MABL structure

during fog and low-cloud conditions to estimate the main

determining essential features of fog. Section 5 discusses the

cause of negative air–sea temperature differences. Section 6

provides a summary and discussion of the results.

2 Data and method

2.1 Data

To investigate the occurrence of sea fog, we used the

present weather code from the International

Comprehensive Ocean-Atmosphere Dataset (ICOADS) in

IMMA (The International Maritime Meteorological

Archive) format (Woodruff et al., 2011). The present

weather code is an observer’s subjective weather assessment

with a two-digit code from 01 to 99 based on the rules of

SYNOP (WMO, 2009) that characterizes the weather at the

time of the observation. Code 40 to 49 indicates the

FIGURE 1
Spatial distribution of MFF (%) over the north Pacific in winter
(derived from the ICOADS observations).
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occurrence of fog. We used codes 46 and 47 to represent the

existence of fog (Table 1). The dissipation stage of fog was

excluded since the synoptic condition may be changed (Zhang

et al., 2008; Guo et al., 2015). The study area covers 171°W-

130°W, 39°N-55°N with a total of 42242 reported fog points

(defined as fog cases). When referring to cases of low clouds,

present weather code 03 was used with the cloud height

indicator [1–8].

To investigate atmospheric circulations during marine

fog, we used the fifth-generation reanalysis (ERA5)

(Hersbach et al., 2020) provided by the European centre

for medium-range weather forecasts (ECMWF). The

ERA5 fields are on a 0.25° × 0.25° grid with 12 levels

below 700 hPa. The spatial resolution is high enough to

depict the large-scale atmospheric circulations and

characterize their influence on the MABL (Yang et al.,

2018). The time resolution is 1 h; therefore, the ERA5 can

match ICOADS hour by hour.

2.2 Methods

Temperature inversions usually cap marine fog and exert a

strong influence on the evolution of fog (Cao et al., 2007;

Zhang et al., 2009; Yang et al., 2018). Following Cao et al.

(2007), we identified the inversions between 1000 hPa and

800 hPa, corresponding approximately to the surface and

2000 m. All vertical profiles were divided into three layers:

surface to inversion base, inversion base to inversion top, and

inversion top to 800 hPa. We followed the scaling method of

Norris (1998) to rescale the composite vertical profiles and

capture the characteristics of the MABL.

Turbulence plays an important role in the formation of fog

(Koračin et al., 2005; Guo et al., 2015; Huang et al., 2015). The

bulk Richardson number (Ri) can be used as a measure of

TABLE 1 The present weather code based on SYNOP rules.

Code Weather Comment

40 Fog or ice fog at a distance at the time of observation, but not at the station during the preceding hour,
the fog or ice fog extending to a level above that of the observer

41 Fog or ice fog in patches

42 Fog or ice fog, sky visible [42-43] has become thinner during the preceding hour

43 Fog or ice fog, sky invisible

44 Fog or ice fog, sky visible [44-45] no appreciable change during the preceding hour

45 Fog or ice fog, sky invisible

46 Fog or ice fog, sky visible [46-47] has begun or has become thicker during the
preceding hour

47 Fog or ice fog, sky invisible

48 Fog, depositing rime, sky visible

49 Fog, depositing rime, sky invisible

FIGURE 2
(A)Horizontal wind vectors (m·s−1), geopotential height (black
contour, gpm), temperature (red contour, °C), and water flux
(shaded, in 10−2m·s−1·kg·kg−1) at 1000 hPa in winter for the climate
state. (B) Same as (A) but for NEP fog composite in winter (C)
anomaly for the NEP fog composite: Geopotential height (black
contour, in gpm), temperature (shaded, °C), and horizontal wind
(vectors, m·s−1). The black dots denote that the temperature
anomaly is significant at the 95% confidence level based on the
Student’s t-test. The shade lines indicate the geopotential height
anomaly significant at the 95% confidence level.
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turbulence (Zhang et al., 2008; Huang et al., 2011; Kim and Yum,

2012):

Ri � g
θ

Δθ/Δz
(Δu/Δz)2 + (Δv/Δz)2

where g is the gravitational constant, z is the reference level, θ is

the potential temperature at the reference level, and u and v are

the wind components at the reference level. The relative

importance of static stability and dynamic instability is

expressed by Ri. Arya (1972) proposed a value of 0.25 as the

critical value for Ri, above which the air is no longer turbulent

and mesoscale motions are important. Furthermore, if Ri > 1,

then the air is statically and dynamically stable and no turbulence

can occur. If Ri < 0, then the air is both statically unstable and

dynamically unstable, and any disturbance can generate

turbulence (Galperin et al., 2007).

The Student’s t-test (Wilks, 1996) was applied to assess

the statistical significance of the results in the composite

analysis.

3 Synoptic background

3.1 Large-scale circulation

The NP weather is controlled by two semipermanent weather

systems in winter climatology. One is the Aleutian Low, which

brings persistent eastward winds to the midlatitude NCP at

1000 hPa (Figure 2A). Another is the NPSH, whose location

shifts from the western to the eastern Pacific compared to

summer (Zhang et al., 2015).

We calculated the composite large-scale circulation

corresponding to the NEP fog based on the ERA5 reanalysis

(Figure 2B). Results show that the circulation patterns of the fog

composites differ from those of the climatological mean state.

The area encircled by an isoline of 0 gpm extends southward,

indicating a slight southward movement of the low-pressure

center of the Aleutian Low. Meanwhile, the area encircled by an

isoline of 160 gpm shrinks eastward. Such a circulation

configuration contributes to abnormal southerly winds in fog

areas. The southerly wind associated with the abnormal low

pressure in the NCP carries more warm and moist air northward

compared to conditions for the climatological mean state

(Figures 2B,C).

Figure 3 shows surface wind rose diagrams based on the

observations during NEP fog in winter. Almost all fog events are

accompanied by southerly winds, consistent with the circulation

pattern.

3.2 Air–sea interface

The difference between the surface air temperature (SAT)

and the SST was used to represent the stability at the air–sea

interface. The air and ocean properties of the narrow coastal

region of North America differ from the open ocean westward in

general (Figure 4). The SAT–SST anomaly in the offshore area is

positive and greater than 0.8°C in most of the NEP fog region,

indicating a stable air–sea interface, compared to the

climatological mean state whose SAT–SST is negative in the

NEP (Figure 4C). The SAT anomaly is positive with an abnormal

southerly surface wind (Figure 4A), consistent with the

circulation pattern (Figure 2C). The SST anomaly is less than

0.1°C and does not pass the significance test (Figure 4B). This

condition indicates that the stable air–sea interface is dominated

during these conditions.

The surface sensible heat flux (SHF) is dominantly

downward and the surface latent heat flux (LHF) in the open

ocean is upward in fog (Figures 4D,E). The sea surface

continuously cools the marine fog as fog forms and develops

(Figure 4D). The relatively low upward LHF (~10 Wm−2) in

most of the fog areas indicates that local moisture supply from

the sea surface is suppressed by the moist air from the south,

compared to the surrounding area where LHF exceeds 60 Wm−2

(Figure 4E).

The observations show that positive SAT–SST occurs in most

fog cases (68%) (Figure 4F), which is consistent with the air–sea

interface analysis above.

4 Marine atmospheric boundary layer
structure

Both fog and clouds form when water vapor condenses or

freezes in the air, forming tiny droplets or crystals. Sometimes

they can convert to each other (Petterssen, 1936; Koračin et al.,

2001; Kim and Yum, 2013). Figure 5 shows the distinct MABL

structures between fog and low clouds over the NEP. For fog, the

FIGURE 3
Surface wind rose diagrams (%) based on ICOADS
observations during NEP fog in winter (1979–2019).
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inversion is found between 925 hPa and 875 hPa with a strength

of 0.08 K hPa−1 (Figure 5A), while the inversion for low clouds is

weaker (0.06 K hPa−1) with a higher inversion base (900 hPa)

(Figure 5C). The slope of the potential temperature (θ) as a

function of height is positive for fog, indicating dry adiabatic

stability. The θ below 950 hPa increases slightly, indicating a

nearly mixing layer from 1000 hPa to 950 hPa in cases of low

clouds. The slope of the saturated equivalent potential

temperature (θse) is slightly negative for both fog and clouds

below 975 hPa, indicating a wet adiabatic unstable stratification

(Figures 5A,C).

Normalized frequency was used to highlight the differences

between Ri ranges. The normalized frequency of an Ri range at a

reference level xp can be expressed as:

xp � x − xmin

xmax − xmin

where x is the frequency of the Ri range, xmax is the maximum

frequency in all of the Ri ranges, and xmin is the minimum

frequency in all of the Ri ranges.

The Ri range of maximum frequency below 975 hPa is

0–0.25 for fog, whereas it is less than 0 for low clouds

(Figures 5B,D). This indicates that the lower atmosphere is

more unstable in cloudy cases compared to fog events, which

is because of the unstable air–sea interface associated with the

negative SAT–SST (Figure 6B).

The stability of the lower atmosphere is affected by the

air–sea interaction (Cho et al., 2000; Heo and Ha, 2010;

Huang et al., 2011; Koračin et al., 2014). We investigate the

difference between the air–sea interface with low clouds and

fog. The surface air in cases of low clouds is cooler compared

to the cases of fog events (Figure 6A). It is the cooler surface

air that leads to a negative SAT–SST (Figure 6B) because of

the abnormal northwest wind, indicating weaker cooling or

stronger warming of the air by the sea surface (Figure 6C).

The upward LHF at the surface is greater because of less

moist air, which is also related to the abnormal northwest

wind (Figures 6D,E). There is a dipole morphology of the

geopotential height anomaly with high west and low east,

which causes the abnormal northwest wind (Figure 6E).

FIGURE 4
Air and ocean properties of the NEP fog. (A) Surface horizontal wind anomaly (vectors, m·s−1), climatological mean SAT (black contour, °C), and
SAT anomaly (shaded, °C); the black dots denote that the SAT anomaly is significant at the 95% confidence level. (B) Surface horizontal wind with fog
(vectors, m·s−1), climatological SST (black contour, °C), and SST anomaly (shaded, °C); the black dots indicate the SST anomaly significant at the 95%
confidence level. (C) Climatological SAT–SST (black dashed contour, °C) and SAT–SST anomaly (shaded, °C); the shade lines indicate the
SAT–SST anomaly significant at the 95% confidence level. (D) SHF with fog (shaded, W·m−2). (E) LHF with fog (shaded, W·m−2). (F) Probability density
functions (%) of SAT–SST (°C).
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5 The cause of the negative surface air
temperature–sea surface
temperature

It is notable that although most SAT–SST is positive during

fog, there are approximately 32% of fog cases with a negative

SAT–SST (Figure 4F). Fog resulting from the advection of colder

air over the warm sea surface is called warm sea fog (Taylor,

1917). This type of fog formation stems from the advection of

colder air over the warm sea where saturation occurs in response

to the mixing of the cold and sufficiently moist air with warm/

moist air (Koračin et al., 2014). Another type of fog associated

with a warm sea surface is steam fog, which can occur when a

stream of cold, dry air traverses a much warmer sea surface.

Steam fog is always associated with extremely large (100s or more

of W·m−2) sensible and latent heat fluxes (Koračin et al., 2014).

To explore the causes of negative SAT–SST, we show in

Figure 7 the differences between fog with negative and positive

SAT–SST. The SST difference between the two kinds of fog is

less than 0.1°C (Figure 7B). Moreover, both the specific

humidity difference at 1000 hPa and the SAT difference

between two kinds of fog are not significant in most areas

(Figures 7A–C), suggesting that the lower atmosphere

condition of fog with negative and positive SAT–SST is

generally the same. Thus, these cases should not be

considered warm sea fog. Both the SHF and LHF

differences are less than 16 W m−2 (Figures 7D,E), which is

not large enough to classify them as the steam fog mentioned

above.

Yang et al. (2018) suggest that approximately 33% of the

advection-cooling fog is with negative SAT–SST in the western

Yellow Sea. As mentioned above, a similar phenomenon also

occurs in the NEP. Under such circumstances, the sea surface can

heat the air. Thus, the air–sea interface is divided into two states:

air cooling by sea surface (ACSS) and air warming by sea surface

(AWSS). The related expressions of “fog with ACSS” and “fog

with AWSS” are used to name our fog cases. The different

features between them are examined.

Figure 7F shows that for fog with AWSS, there is

significantly abnormal high pressure at 850 hPa,

suggesting abnormal sinking motion that can enhance

thermal and moisture stratification between the MABL

and the free atmosphere through adiabatic warming (Yang

et al., 2018).

Figure 8 shows the surface wind rose diagrams based on the

ICOADS observations during fog with ACSS and AWSS. The

FIGURE 5
Composite profiles and the bulk Richardson number frequency distribution concurrent with fog (A,B) and low clouds (C,D): temperature (T,
black line, K), potential temperature θ(θ, blue line, K), saturated equivalent potential temperature θse(θse , orange line, K), and the bulk Richardson
number (Ri, shaded). The red dashed lines denote the inversion layer.
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southerly wind dominates in both fog types. All the northerly

winds occur in fog with AWSS. However, the frequencies and

magnitudes are much smaller. The wind field is generally the

same for fog with ACSS and fog with AWSS because the

abnormal northerly wind is not significant in most areas

(Figure 7C).

The MABL structures between fog with ACSS and that

with AWSS are also compared (Figure 9). In general, results

seem to be similar, but some differences exist. The inversion

bottom of fog with AWSS is higher compared to fog with

ACSS, indicating that the fog with AWSS may be thicker than

fog with ACSS. The intensity of the inversion layer is the

same. The slopes of θ as a function of height are both positive,

indicating dry adiabatic stability. The θse profile shows that

there are wet adiabatic unstable layers below 950 hPa in both

types of fog. The top of the wet adiabatic mixing layer is at

approximately 950 hPa for fog with ACSS, but at

approximately 925 hPa for fog with AWSS (Figures 9B,D).

The relative humidity for fog with AWSS decreases sharply

upward beneath the inversion bottom. The relative humidity

is approximately 0.7 for fog with AWSS but more than 0.8 for

fog with ACSS at their inversion bottoms. It implies that the

air is drier above the inversion bottom for fog with AWSS

than for fog with ACSS (Figures 9C,F). This enhances

longwave radiative cooling at the fog top. The difference

between fog with ACSS and that with AWSS also shows that

the specific humidity at 850 hPa is significantly low for fog

with AWSS (Figure 7F), indicating a wide range of dry layers

above the MABL that can enhance longwave radiative

cooling.

Following the method proposed by Yang et al. (2018), the

outgoing longwave radiation from the fog top was estimated

by the upward longwave radiative flux at the top of

atmosphere clouds and the Earth’s radiant energy system.

The average top of atmosphere upward longwave fluxes of

fog with AWSS are 215 W m−2, stronger than that of fog with

ACSS (208 W m−2).

Thus, fog with AWSS likely occurs during the developing

and maintaining step of cold sea fog events because of

longwave radiation from the fog top and turbulent mixing

in the fog layer (Koračin and Dorman, 2017; Yang et al.,

2018).

FIGURE 6
Difference between thermodynamic properties for cases of low clouds and fog. (A) SAT (shaded, °C), the black dots indicate the SAT difference
significant at the 95% confidence level. (B) SAT–SST (shaded, °C); the black dots indicate the SAT–SST difference significant at the 95% confidence
level. (C) SHF (shaded, W·m−2); the black dots indicate the SHF difference significant at the 95% confidence level. (D) LHF (shaded, W·m−2), the black
dots indicate the LHF difference significant at the 95% confidence level. (E) Geopotential height (black contour, gpm), water flux (shaded,
10−2m·s−1·kg·kg−1), and horizontal wind (vectors, m/s). The black dots indicate the water flux difference significant at the 95% confidence level. The
shaded lines indicate the geopotential height difference significant at the 95% confidence level.

Frontiers in Earth Science frontiersin.org07

Li et al. 10.3389/feart.2022.942846

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.942846


FIGURE 7
Difference between fog with AWSS and that with ACSS. (A) SAT (shaded, °C), the black dots indicate the SAT difference significant at the 95%
confidence level. (B) SST (shaded, °C), the black dots indicate the SST difference significant at the 95% confidence level. (C)Horizontal wind (vectors,
m·s−1) and specific humidity (shaded, 10−3kg kg−1) at 1000 hPa. The black dots indicate the temperature difference significant at the 95% confidence
level. Slash lines indicate the geopotential height anomaly significant at the 95% confidence level. Backslashes indicate the meridional wind
significant at the 95% confidence level. (D) SHF (shaded, W·m−2), and the black dots indicate the SHF difference significant at the 95% confidence
level. (E) LHF (shaded, W·m−2); the black dots indicate the LHF difference significant at the 95% confidence level. (F) Geopotential height (black
contour, gpm) and specific humidity (shaded, 10−3kg kg−1) at 850 hPa. The black dots indicate the specific humidity difference significant at the 95%
confidence level. The slash lines indicate the geopotential height anomaly significant at the 95% confidence level.

FIGURE 8
Surface wind rose diagrams (%) based on the ICOADS observations during NEP fog in winter (1979–2019). (A) Fog during ACSS. (B) Fog during
AWSS.
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6 Summary and discussions

The present study uses the 40-year ICOADS observations

and ERA5 reanalysis results to reveal the synoptic conditions

and the MABL structure of marine fog over the NEP in winter.

By comparing the climatological mean state and fog

composites, it was found that the fog-prone area is

controlled by the eastern flank of the Aleutian Low and the

northwestern flank of the Pacific subtropical high, which

together contribute to a warm and moist northward airflow

to form advection-cooling fog over the NEP.

The inversion structure, θ and θse profiles, and normalized

frequency of the Ri were investigated to highlight the distinct

MABL structures between fog and low clouds. During fog

events, the inversion bottom is at lower elevations (at 925 to

875 hPa) compared to the cloudy cases (at 900 hPa). The

inversion strength is greater for fog cases (0.08 K hPa−1)

compared to the low-cloud cases (0.06 K hPa−1). The lower

atmosphere is more stable during fog cases compared to low-

cloud events.

Composite analysis of fog cases shows that atmospheric

circulation has the characteristics of advection-cooling fog.

It is notable that approximately 32% of fog cases have

negative SAT–SST, which cannot be explained by warm

advection fog and steam fog. To investigate this

phenomenon, the difference between the fog with AWSS

and that with ACSS was examined. The results show that for

fog with AWSS, the air is drier above the inversion bottom

than in cases of fog with ACSS. Dry air contributes to the

cooling of the fog layer by enhancing the longwave radiative

FIGURE 9
Composite profiles, the bulk Richardson number, and relative humidity frequency distribution concurrent with fog with ACSS (A–C) and fog
with AWSS (D–F): temperature (T, black line, in K), potential temperature (θ, blue line, in K), saturated equivalent potential temperature (θse , orange
line, in K), the bulk Richardson number (Ri, shaded), and relative humidity (Rh, shaded). The red dashed lines denote the inversion layer.
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cooling at the fog top and the vertical mixing beneath, which

most probably lead to the negative SAT–SST.

This present study mainly focuses on fog formed over a

cooler sea surface which appears most frequently in the NEP.

Fog can also occur over warmer sea surfaces under the

influence of cooler air advection, such as steam fog and

fog associated with stratus lowering (thickening) (Oliver

et al., 1978; Pilié et al., 1979; Koračin et al., 2001). These

kinds of fog, though less frequent, are likely to appear in

winter, which should be analyzed further. On the other hand,

it is necessary to conduct numerical simulations and

experiments to investigate quantitatively the physical

processes in the marine boundary layer and the

relationships between fog and low stratus. This will be a

focus of a future study.

The longwave cooling at the top of the stratus or fog can

create negative buoyancy, causing stratus thickening/lowering

(Petterssen, 1936; Koračin et al., 2014). We note that this

phenomenon is more closely associated with AWSS than with

ACSS over the NEP. In fog with AWSS, the proportion of sinking

motion near the LCL is greater than in fog with ACSS (not

shown), implying a stronger longwave cooling and negative

buoyancy. The sinking motion forced by synoptic-scale

weather disturbances should also be considered. The stronger

sinking motion indicates that the thickening and lowering of

stratus also play a part in the fog with AWSS.

Further studies will also include an investigation of the

impact of air–sea interaction, the evolution of the MABL

structure, and radiation fluxes on the formation and

dissipation of fog as well as on transitions between cloud

and fog in the NEP region.
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