
1. Introduction

Sea fog is a dangerous weather phenomenon that
causes lots of marine accident due to poor visibility
(Lee et al., 1997; Gultepe et al., 2007; Heo et al., 2008).
The statistics from Korean Maritime Safety Tribunal
show that 29.5% of marine accidents in South Korea
were occurred during sea fog events (KMST,
http://www.kmst.go.kr). For marine safety, it is better

to eliminate uncertain obstacle in marine activities. The
monitoring of sea fog can contribute to managing the
traffic and ensuring the safety at sea. However
forecasting/nowcasting of sea fog still remain unsolved
because of the characteristics of temporal and spatial
variability of fog (Gultepe et al., 2007). Moreover, due
to its physical limitations, there are only limited
observation stations in ocean (Cermack and Bendix,
2007). On the contrary, using remote sensing
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technology, sea fog can be detected with high spatial
and temporal resolution (Ellrod, 1995; Ahn et al., 2003;
Yoo et al., 2005; Heo et al., 2008).

Many previous studies attempted to detect sea fog
using various satellite data such as MODIS (Bendix
et al., 2005; Zhang and Yi, 2013; Wu and Li, 2014;
Dong et al., 2015), Advanced Very-High-Resolution
Radiometer, AVHRR (Eyre et al., 1984; Bendix,
2002; Heo et al., 2008), Geostationary Operational
Environmental Satellite, GOES (Ellord, 1995; Lee et
al., 1997; Bendix, 2002) Multi-functional Transport
Satellite, MTSAT (Heo et al., 2008; Gao et al., 2009).
In several studies, sea fog/low stratus was detected
using Dual Channel Difference (DCD) method because
it is easier to discriminate fog/low stratus from other
objects using the difference of the brightness
temperature at 3.9 μm channel and 11 μm. Due to the
absorbed emissivity of clouds with small droplets in the
3.7 μm, the sea fog has less difference between two
channels compare to the difference of mid/high clouds
(Hunts, 1973; Eyre et al., 1984; Turner et al., 1986;
Ellord, 1995; Ann et al., 2003). However DCD method
can only be adaptable to night-time because in the
daytime the small fog droplets reflect at 3.7 μm
wavelength which leads to the contamination of the
solar radiation and requires some other approach to
detect daytime sea fog (Cermak and Bendix, 2008).
Another problem of DCD method is that there are
limits on discriminating sea fog and low stratus because
they share similar spectral features.

Unlike other clouds, sea fog has very homogeneous
surface texture as because it is formed when the
atmosphere is in stable condition. Using this
characteristic, sea fog is detected through texture
analysis (Cermak and Bendix, 2011; Heo et al., 2008).
Sea fog emissivity in thermal infrared channel of 11
μm shows less variations when other clouds emissivity
shows more variations in the thermal band. Through
calculation of standard deviation, sea fog is detected. It
is possible to be adapted to many kinds of satellite data

where IR channel is present such as AVHRR, MTSAT,
MODIS, GOES, etc. However single texture analysis
is not enough to distinguish all stratus from sea fog
regions.

Another mainly used method is threshold scheme. It
is known as an effective method to detect for both
daytime and nighttime sea fog with different flow
charts. It is proceed with various indices in order
according to the characteristics of sea fog. However the
procedure is relatively complex compared to other
single index processing method. Many sea fog
detection method used threshold scheme (Bendix et al.,
2006; Zhang and Yi, 2013; Wu and Li, 2014). Zhang
and Yi (2013) suggested a comprehensive dynamic
threshold algorithm to detect daytime sea fog MODIS.
The vertical structures of fog and stratus were analyzed
using in-situ data of ground sounding station. They
derived monthly dependent threshold for TAT- SST
(TAT: Temperature At Tops of fog or stratus, SST: Sea
Surface Temperature).

For automatic detection of sea fog using Terra/
MODIS data, Wu and Li (2014) used threshold scheme
algorithms for daytime and night-time using dual
channel difference, the Normalized Difference Snow
Index (NDSI), the Brightness Temperature Difference
of cloud and clear sky sea surface (BTDback), the
Normalized difference near-infrared Water Vapor
Index (NWVI), and the NWVI difference between a
possible fog/stratus cloud pixel and a nearby clear-sky
ocean pixel (D_NWVI) based on a threshold scheme.
However the detection result using previous algorithm
was showing that some of the cases failed to detect sea
fog. Due to unsuitable threshold for some indices and
damaged detector of the satellite spectrometer,
Aqua/MODIS band 6. The occurrence of sea fog is the
highest in the Yellow Sea among the coast of Korean
Peninsula especially during spring and summer season.
There are two purposes of this study. First, to develop
and improve the daytime sea fog detection algorithm
using the MODIS data in spring season in the Yellow
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Sea. Secondly, to present more suitable threshold value
using manually detected result.

In the following section, the materials used in this
study are explained. Then the spectral characteristic of
sea fog is described using actual dataset and the
improved sea fog detection algorithm is introduced
together with the validation method in section 4. The
results and discussions are presented in section 5 and
the conclusion is presented at the last.

2. Materials

1) MODIS
In this study MODIS data is used to detect sea fog

occurred in the Yellow Sea which has the highest
occurrence among the coast near Korean Peninsula.
Sea fog cases were chosen with reference of COMS/MI
fog product provided in National Metrological Satellite
Center website. Geostationary Ocean Color Imager
(GOCI) provides eight scenes every day in daytime
from 00:15 to 07:15 (UTC) with interval of one hour.
The consecutive images help to distinguish and judge
sea fog and other clouds. Visibility observation data
provided in the website of Korea Meteorological
Administration were used as reference as well. We
focused on the sea fog cases in spring season because
it occurs mostly on spring and summer (Cho et al.,
2000; Heo and Ha, 2010; Zhang et al., 2012; Yi et
al., 2015). The MODIS data were acquired from
LAADS Website (Level-1 & Atmosphere Archive and
Distribution System, https://ladsweb.nascom.nasa.gov).

MODIS have wide spectral range of visible (VIS) to
thermal infrared (TIR) with 36 spectral channels
composed of 20 reflective and 16 emissive channels.
This provides more opportunities to improve sea fog
monitoring and detection method (Bendix et al., 2005).
The MODIS data used in this study are the MODIS
Level 1B calibrated radiance at 1 km resolution
(MOD/MYD021KM), the MODIS geolocation data
(MOD/MYD03) and the MODIS Level 2 cloud mask
product at 1km resolution (MOD/MYD35).

To convert the data into Reflectance (R) and
Brightness Temperature (BT), we used the MODIS
Conversion Toolkit (MCTK, version 2.0.2) which is a
plugin of ENVI software (White, 2014). With MODIS
geolocation data, it applied the map projection of
Geographic Latitude/Longitude. The data is then
masked land area using MOD/MYD03 Land/Sea Mask
product.

Based on the visual inspection using false color
composite image of band 5, 2 and 1 (1.24, 0.86, 0.65
μm) total of nine daytime sea fog cases were used. The
dataset was used as training data to calculate the
threshold of each index with the Hanssen- Kuiper Skill
Score (KSS) validation scores (See Table 1). For
calculation of KSS, we detected sea fog manually first
to extract sea fog area using RGB color composite
image then eliminated sea pixels using threshold value
in NIR band 2 (0.86 μm). The nine data set used in the
validation are MODIS data is described in Table 1.
The sea fog event on March 30, 2016 was observed
during the voyage at location of longitude 124° 44.95’
and latitude 37° 36.11’ at 07:13 (UTC) which is 2
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Table 1.  List of dataset to calculate the threshold of each index
Case number Platform Data and time (UTC) Case number Platform Data and time (UTC)

Case 1 Terra 2014.03.16. 01:55 Case 6 Terra 2014.05.01. 02:10
Case 2 Terra 2014.03.23. 02:00 Case 7 Aqua 2014.05.01. 05:25
Case 3 Aqua 2014.03.23. 05:20 Case 8 Terra 2016.03.30. 01:50
Case 4 Aqua 2014.04.08. 05:20 Case 9 Aqua 2016.03.30. 05:05
Case 5 Terra 2014.04.24. 01:55



hours later than the MODIS observation. The location
of the observation is included in the manually detected
region.

2) High resolution SST product
High resolution of 8 hours (23:00-07:00 (UTC))

SST product used to derive Temperature Difference
Index(TDI) in the algorithm. It was generated daily
by Korea Institute of Ocean Science and Technology
(KIOST) in Korea Operational Oceanographic System
(KOOS) by Yang et al. (2015). The SST product is
comprised of four sets of data including eight-hour
and daily average SST data of 1 km resolution, and
is based on the four infrared (IR) satellite SST data
acquired by AVHRR, MODIS, Multifunctional
Transport Satellites-2 (MTSAT-2) Imager and
Meteorological Imager (MI), two microwave

radiometer SSTs acquired by Advanced Microwave
Scanning Radiometer 2 (AMSR2), and WindSAT
with in-situ temperature data. The input data are
merged by using the Optimal Interpolation (OI)
algorithm. The KIOST SST product is downloaded
from FTP server. The coverage of the product is
longitude of 117.25° - 133.73°E and latitude of 32.51°-
41.48°N which is centered at the Korean Peninsula
(Yang et al., 2015).

3. Sea fog spectral characteristics

To detect sea fog, we first analyzed the spectral
characteristics of sea fog, low stratus and mid/high
clouds. Hao et al. (2009) have already presented the
similar results of the spectral characteristics of sea fog
and other properties of MODIS band 1 to 7 with
spectral range of 0.4 μm to 2.2 μm. Clouds have higher
reflectance but lower brightness temperature than sea
fog. Using this spectral characteristic, many cloud
detection method were developed (Ackerman et al.,
1998; Stowe et al., 1999; Kriebel et al., 2003; Wang
and Shi, 2006).

From the visual inspection using false color
composite of band 5, 2 and 1 (1.24, 0.86, 0.65 μm), it
is possible to differentiate the each region of 40 km ×
40 km (1600 pixels): Sea fog, Low stratus and Mid/
High cloud (Fig. 2). For accuracy, extremely certain
areas of each property are used. In the false color
composite image, mid/high clouds are very bright due
to high reflectivity. Among them, cirrus (High level
clouds) is in cyan color (Wu and Li, 2014). Sea fogs
are having very homogeneous surface with medium
brightness with less movement compare to other clouds
which was confirmed through GOCI with 1 hour
intervals from 00:15 to 07:15 (UTC). Low stratus is
having similar brightness with sea fog however it is
showing rough surface compare to sea fog. The results
indicate that the reflectance of low stratus and mid/high
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Table 2.  The spectral bands used in the algorithm. The usage
of each band is described in the right column

Band number Wavelength Purpose
3 Blue 470 nm

Computation of NDSI
7 SWIR 2.13 μm
17

NIR
905 nm

Computation of NWVI
18 935 nm

31 TIR 11.03 μm Computation of STD
and TDI

Fig. 1.  The map of study area showing the Yellow Sea near
Korean coast of 778 km x 838 km (119 - 128°E, 33 -
40°N).



clouds are higher than sea fog in range of visible to near
infrared band. The reflectance of low stratus is showing
little higher than sea fog but overall they are having
similar pattern due to their microphysical similarities
therefore it is hard to distinguish in visible reflectance.
However mid/high clouds are showing relatively low
reflectance in Short Wavelength InfraRed (SWIR)
compared to the reflectance in visible and Near
InfRared (NIR) wavelengths. The brightness
temperature of 11 μm standard deviation of sea fog is
less than 1 which means there is less variation due to
the smooth feature of sea fog than other properties
(Table 3). The purple region is error caused by no value
in band 2 (0.87 μm, NIR).

4. Methods

1) Improved sea fog algorithm
Based on the spectral and physical features of sea

fog, the improved algorithm using MODIS data is
presented in Fig. 4. To detect daytime sea fog, first
cloudy areas are extracted which includes sea fog and
other clouds using MODIS Cloud Mask Product. Then
through following steps, we distinguish other clouds
and excluded those pixels. The threshold was optimized
for the Yellow Sea near Korean coast in spring season.

Using the MODIS Level 2 cloud mask product in
Hierarchical Data Format (HDF), we extract the actual
cloud mask data which is contained in the 48 bits. In
the bit field 1-2, the cloudy region can be retrieved. The
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Fig. 2.  Color composite image of band 5, 2 and 1 (1.24, 0.86, 0.65 μm) on 2014 May 1 of (a) 02:10 (UTC) and (b) 05:25 (UTC). Each
selected regions (40 km x 40 km with 1600 pixels) of A to D indicate Sea fog 1, Sea fog 2, Low stratus, Mid/High cloud
respectively in (a) and (b). The reflectance variations of seven bands are described in (c) and (d) for above two time respectively.

Table 3.  The brightness temperature of different regions of property according to Fig. 3 [Units: K]

Date and time (UTC)
Sea fog 1 Sea fog 2 Low stratus Mid/High clouds

Mean STD Mean STD Mean STD Mean STD
2014.05.01. 02:10 281.81 0.18 282.06 0.18 258.08 2.09 252.73 2.48
2014.05.01. 05:25 281.63 0.16 281.71 0.17 263.45 6.18 233.13 3.45



final confidence flag for the Field Of View (FOV) was
determined into four categories: confident clear,
probably clear, probably cloud and confident cloud (see
Table 4) through many individual tests (Ackerman et
al. 2010). We defined “probably cloud” and “confident
cloud” as cloudy pixels as we detect cloudy area first.

After extracting cloudy, the improved NDSI is
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Fig. 3.  A flow chart of the modified algorithm based on Wu and Li (2014) method of sea fog detection in daytime using MODIS data.
“BT” is the brightness temperature and “STD” is the standard deviation.

Table 4.  MODIS cloud mask information
MODIS Cloud mask bit 1 - 2

(Unobstructed FOV Quality Flag)
Cloud State Bit Quality threshold

Confident cloudy 00 Confidence ≤ 0.66
Probably cloudy 01 0.95 ≥ Confidence > 0.66
Probably clear 10 0.99 ≥ Confidence > 0.95
Confident clear 11 Confidence > 0.99



applied. It was originally developed to distinguish snow
and non-snow pixels (Doizier, 1989; Dozier and Painter
2004; Salomonsona and Appel, 2004; Cermak and
Bendix, 2008). Middle/high clouds share similar
spectral features with snow because they are mixed
clouds and so it includes ice and snow crystals
components with (Zhang, 1992; Zhang and Yi 2013).
It is based on the characteristics of reflectivity of snow
in visible and SWIR bands. The reflectance of snow
pixels are high in visible but low in SWIR. So NDSI
was derived to calculate using spectral ratio of the
reflectance in visible and SWIR bands. The reflectance
of the R0.47 μm was the highest and the lowest reflectance
of the R2.13 μm. Therefore the NDIS is expressed as in
Equation (1). The threshold for NDSI is described as
below;

                       NDSI =                         (1)

                                NDSI ≤ 0.65                                  (2)

The texture of sea fog is relatively smooth compare
to other clouds like low stratus, mid and high level
clouds. It is known with the reason of atmospheric
stabilities (Gang et al., 2006; Heo et al, 2008, Wu and
Li 2014). The inversion layer formed with upwelling
of sea water, the sea surface temperature decrease and
the lower atmosphere temperature is cooled and
relatively warm air flow into cold sea surface and sea
fog is formed (Cho et al., 2000; Heo and Ha, 2004).
Due to its smooth texture, sea fog always has small
standard deviation value than other clouds especially
in the thermal infrared channel (Wu and Li, 2014).
Therefore we used standard deviation test with
brightness temperature of MODIS band 31 (11 μm)
data to discriminate sea fog from other clouds. Various
sizes of moving window were used with various
thresholds to decide the most optimal one. The
threshold for standard deviation test is expressed as
below;
                             STD of IR ≤ 1 K                              (3)

We calculated the TDI using the Brightness
Temperature of Cloud Top (BTCT) minus SST to
discriminate between the sea fog and stratus cloud.
When sea fog is occurred, there is inversion profile
presence therefore the sea temperature gets cold and
the cloud top temperature increase. As a result, the
difference between the brightness temperature of the
sea fog and the sea surface temperature is small when
the difference between the brightness temperature of
stratus and the sea surface temperature is large. The
similarity of them is also because of the low altitude of
sea fog compared to stratus because the top height of
sea fog is less than 1 km above the sea surface. The
threshold for TDI is expressed as below;
                                  TDI ≤ 0 K                                    (4)

Finally, as the last step of the algorithm we applied
the NWVI using the MODIS near-infrared water vapor
absorption bands (Band 17: 904 nm and Band 18: 936
nm) to remove the least of the stratus area. The NWVI
is expressed as in Equation (5) and the threshold can
be applied. The threshold for NWVI in spring season
is expressed in Equation (6).

                      NWVI =                        (5)

                               NWVI ≤ - 0.2                                 (6)

2) The validation method of the detection
result
To find more suitable threshold value, at first some

range thresholds were applied to each index. Then the
KSS was calculated using Probability Of Detection
(POD) and False Alarm Rate (FAR) with result
derived from algorithm and the manually detected
result. The better threshold result shows higher KSS
value according to the definitions of the score with
values between -1.0 to 1.0. Each score is calculated
using Equation (7) according to the Table 5.

          KSS = POD _ FAR =   _              (7)

R0.47 µm
_ R2.13 µm

R0.47 µm + R2.13 µm

R0.93 µm
_ R0.90 µm

R0.93 µm + R0.90 µm

B
B + C

A
A + C
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In Equation (7), A and C are the hits and misses of
detection, B is false alarm where detected fog when no
fog is present and D is correct negatives when correctly
detected that there is no fog.

5. Results and Discussions

Fig. 4 shows the detection result using the previous
daytime sea fog detection algorithm developed (Wu
and Li, 2014). It was designed to use with Terra/
MODIS data and NDSI is calculated using band 6 (1.64
μm) and band 1 (0.65 μm). However, the Aqua/

MODIS band 6 has 15 out of 20 inoperable detectors
which results some failure in detection using
Aqua/MODIS data. Due to this reason, there were
some problems in the detection results when the
algorithm is applied to Aqua/MODIS data set.

The detection result using improved detection
algorithm developed through this study is shown in Fig.
5. The results of cloud mask application are shown in
Fig. 5 (a) and it is showing that the results often include
non-cloud regions as well as some parts of mid/high
clouds. Fig. 5 (b) shows that mid/high clouds are non-
cloud areas were eliminated. The NDSI result shows
significant removal of non-cloud area. Various
threshold values from 0.4 to 0.9 with interval of 0.05
were applied. It is mainly to detect cloud and remove
the non-cloud area from the cloud mask result. As
shown in Fig. 6 (a), the highest score was when used
the NSDI threshold of 0.65 and therefore the final
NDSI threshold was decided as 0.65. For standard
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Fig. 4.  Sea fog detection result using previously developed algorithm with Aqua/MODIS 2014.05.01. 05:25(UTC) data. The interval
results of (a) the cloud mask application, (b) the NDSI test, (c) the STD test, (d) the BTDback test, (e) the NWVI test, (f) the RGB
image with final detection result overlaid in red closed line.

Table 5.  The contingency table. A: Hits, B: False alarm, C:
Misses, D: Correct Negatives

Manual
Detection Yes

Manual
Detection No 

Algorithm Detection Yes A B
Algorithm Detection No C D
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Fig. 6.  The average and standard deviation of Hanssen-Kuiper skill score (KSS) with different thresholds for each index. (a) NDSI
test, (b) STD test, (c) TDI test, (d) NWVI test.

Fig. 5.  Sea fog detection results using improved detection algorithm with Aqua/MODIS 2014.05.01. 05:25(UTC) data. The interval
results of (a) the cloud mask application, (b) the NDSI test, (c) the STD test, (d) the TDI test, (e) the NWVI test, (f) the final
result overlaid on RGB composite image in red closed line.



deviation test, we have applied to find more suitable
size of window to calculate standard deviation. We
tried the window size of 3, 7, 15, 31, 71 and 101. We
also tried various threshold values from 0.5 to 3 with
interval of 0.5. The KSS of each threshold values using
various sizes of windows are shown in Table 6. The
highest KSS was derived when used window size of
101. Also, the threshold of 1 was showing the highest
KSS. Because some of the stratus have homogeneous
surface like sea fog, the stratus are still remained after
the STD test.

After STD test, the next attempt was to eliminate the
stratus using the TDI test result shown in Fig. 5 (d). To
derive better threshold the index was applied and tested
with threshold values of -1 to 3 as shown in Fig. 6 (b).
The highest KSS was derived when using threshold
value of 1. We have tried various size of window
however, the size of 101×101 shows the highest KSS
value of 0.973 (Table 6).

Lastly, NWVI was tested with threshold values of
-0.1 to -0.4 with interval of 0.05. The highest KSS was
derived when using threshold value of -0.2 as shown
in Fig 6(d). The final result is overlaid on RGB color
composite image using band 5, 2, 1 (1.24, 0.86, 0.65
μm) in red closed line in Fig. 5 (f). The improved
algorithm is showing promising result compare to the
previous algorithm with the average KSS value of 0.9.

6. Conclusions

For each index, the KSS values are calculated using
the improved daytime sea fog detection algorithm to
derive more suitable threshold. As a result, each
threshold was suitable and showed better result than the
previous algorithms. The indices used in this algorithm
are the NDSI, STD of infrared channel, index of cloud
top brightness temperature minus sea surface
temperature and NWVI. The improved algorithm is
applicable to both Terra and Aqua MODIS data. The
detection accuracy using the improved algorithm and
adjusted threshold showed the KSS value of 0.9. It also
shows that thin sea fog can also be detected well.
However some false detection near the coast line is
remained to be solved. It is considered that more
validation using more cases will be required for other
seasons. For future study, we plan to adapt this
algorithm to wider coverage using KIOST SST version
4 product with more dataset.
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