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Sea Surface Temperatures Derived From COCTS
Onboard the HY-1C Satellite

Xiaomin Ye , Jianqiang Liu, Mingsen Lin , Member, IEEE, Jing Ding, Bin Zou, and Qingjun Song

Abstract—As one of the key payloads onboard the HY-1C satel-
lite, the Chinese ocean color and temperature scanner (COCTS)
was designed for global sea surface temperature (SST) and ocean
color detection. In this study, a nonlinear SST algorithm (NLSST)
is applied to derive SSTs from the brightness temperatures (BTs)
of the two COCTS thermal infrared bands at 10.8 and 12.0 µm.
The SST retrieval results from the multichannel SST algorithm
(MCSST) are used as the first guess for the input of the NLSST
algorithm. The coefficients of both the MCSST and NLSST algo-
rithms are regressed from the matchup datasets of the COCTS BT
observations and the measurements from the in situ quality monitor
system (iQuam), which were collected from September 10 to De-
cember 31, 2018. The retrieval SSTs from January 1, 2019 to March
31, 2020 are evaluated by the in situ measurements from iQuam
with root mean square errors of 0.84 °C for daytime and 0.97 °C
for nighttime and robust standard deviations (RSDs) of 0.73 °C
for daytime and 0.72 °C for nighttime. Daily gridded retrieval
SSTs from September 10, 2018 to March 31, 2020 are compared
with SSTs from moderate-resolution imaging spectroradiometer
(MODIS) onboard Terra satellite. The cross comparison RSDs are
0.56 ± 0.05 °C for daytime and 0.67 ± 0.05 °C for nighttime.

Index Terms—Chinese ocean color and temperature scanner
(COCTS), HY-1C satellite, nonlinear SST algorithm (NLSST), sea
surface temperature (SST).

I. INTRODUCTION

S EA surface temperature (SST) is an important measurement
for ocean, weather, and climate and can be applied in numer-

ical ocean and atmospheric models, fishery science, and for tac-
tical support of commercial fishing activities, physical oceano-
graphic research, and climate monitoring [1]–[7]. SST can be
obtained by space-borne microwave radiometers, infrared (IR)
radiometers, buoys, and ships. Buoys and ships measure the wa-
ter “bulk” temperature at particular points, whereas satellite ra-
diometers continuously measure SST over global water surfaces
with a spatial scale of one kilometer to tens of kilometers [8].

Satellite measurements of SST began in the 1970s using
IR radiometers onboard the geostationary and polar orbiting
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platforms of the National Ocean and Atmospheric Administra-
tion (NOAA) [9], [10]. IR radiometers, such as the advanced
very high resolution radiometer (AVHRR), moderate-resolution
imaging spectroradiometer (MODIS), sea and land surface tem-
perature radiometer (SLSTR), and visible infrared imaging ra-
diometer (VIIRS), have been providing global SSTs for more
than 40 years. Although the microwave radiometer can measure
the sea surface through clouds under all weather conditions
except rain, the IR SSTs have a higher resolution (∼1 km) than
microwave SSTs (∼25 km). For the IR radiometers, the SSTs are
retrieved from brightness temperatures (BTs) of thermal infrared
(TIR) bands at 11 and 12μm or the TIR bands combined with the
mid-IR band (e.g., at 3.7μm for VIIRS). The retrieval algorithms
can be split-window algorithms [e.g., multichannel SST algo-
rithm (MCSST) [10]; nonlinear SST algorithm (NLSST) [1]],
physical retrievals based on radiative transfer model simulations
[12], [13], and neural network models [14]. The SST retrieval
algorithm can be developed for the global ocean [13], [16]–[18]
or for regional marine waters [19], [20].

China launched the ocean satellite Haiyang-1C (HY-1C) on
September 7, 2018, which is equipped with the Chinese ocean
color and temperature scanner (COCTS), a multispectral radi-
ation sensor that can monitor global ocean color and surface
temperature every day. As a member of the space-borne sensor
designed for global ocean color and SST monitoring, the perfor-
mance of this sensor should be evaluated. In this study, the SSTs
of COCTS onboard HY-1C (COCTS/HY-1C) are processed
by the NLSST algorithm with the regression coefficients from
matchups between the satellite observations and in situ measure-
ments. The SST retrieval results are evaluated by comparison
with both in situ data and MODIS SST products. This study
is outlined as follows. Section II introduces the description of
COCTS/HY-1C and its data. Section III introduces the method-
ology, including the method of the SST retrieval algorithm and
clear-sky mask proceeding for COCTS. Section IV presents
the retrieval results of SST from COCTS and their evaluation
against both in situ and MODIS data. Finally, the discussions
and conclusions are presented in Sections V and VI.

II. DATA AND DESCRIPTION OF COCTS

The Chinese HY-1C satellite, the follow-on mission to the
HY-1A and HY-1B satellites, was launched on September 7,
2018. This satellite is equipped with the COCTS and a coastal
zone imager, as well as an ultraviolet imager, a satellite calibra-
tion spectrometer, and a satellite-based automatic identification
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TABLE I
SPECIFICATIONS OF COCTS/HY-1C

∗Two possible settings; the lower one is the default.
∗∗The range of brightness temperature.

TABLE II
COEFFICIENTS OF SST RETRIEVAL ALGORITHMS OF COCTS/HY-1C

system receiver. The orbit altitude and tilting angle are 782 km
and 98.5°, respectively. The overpass time is 10:30 A.M. ±
30 min local time at the descending node.

The COCTS is a moderate-resolution imaging scanner with a
nadir spatial resolution of 1.1 km and a viewing swath width of
more than 2900 km. The satellite measures signals in eight vis-
ible and near-infrared bands and two TIR bands. The objective
of the COCTS is global ocean color and SST monitoring for the
routine operational application and study of biological oceanog-
raphy, marine ecological protection, marine disaster prevention,
and climate change. The COCTS can also be used to observe
sea ice, shallow sea terrain, ocean current characteristics, and
atmospheric aerosols on the sea surface and for terrestrial nat-
ural resource research and investigation. COCTS detects the
global ocean and land twice a day and provides daily ocean
color, land vegetation products, and daytime and nighttime
SST. Spectral specifications (spectral range, central wavelength,
signal-to-noise ratio (SNR), noise-equivalent change in temper-
ature (NEΔT), maximal radiance, and observation objective) of
COCTS/HY-1C are detailed in Table I.

HY-1C satellite data are received by the ground receiving
stations of the National Satellite Ocean Application Service
(NSOAS) of the Ministry of Natural Resources of China. HY-1C
can provide near real-time observation data for China’s coastal
regions. The remote sensing data covering the rest of the Earth
are stored in the onboard data storage device for delayed replay.
HY-1C products are available free to the public from the Ocean
Satellite Data Distribution System (OSDDS) of NSOAS. The

TABLE III
TESTS AND THEIR THRESHOLDS FOR CLEAR-SKY MASKS OF COCTS/HY-1C

BT data used in this study are derived from the level 1B (L1B)
standard product of COCTS and provided by OSDDS. The L1B
data of COCTS are the calibrated radiances of 10 bands with
geolocation [21].

III. METHODOLOGY

A. Retrieval Algorithm of SST

The SST retrieval algorithms used in this study are the mod-
ified version of the NLSST of Walton et al. [1]. The NLSST
algorithm for the two TIR bands of COCTS can be described as
follows:

SST = a0 + (a1 + a2Sθ)T11

+ [a3 + a4Tsfc + a5Sθ](T11 − T12) + a6Sθ, (1)

where Sθ = secθ −1 and θ is the sensor zenith angle, T11 and
T12 are the BTs of the TIR bands of COCTS at 10.8 and 12.0μm,
respectively, a0−a6 are the algorithm coefficients, andTsfc is the
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Fig. 1. COCTS/HY-1C data covering China’s east coastal region acquired at 02:53 UTC on November 11, 2019 for (a) true color image and (b) its SST retrieval
results.

reference SST used as the first guess. In this study,Tsfc is derived
from COCTS by a MCSST. The equation form of MCSST is
described as follows [10]:

SST = b0 + b1T11 + b2(T11 − T12)

+ b3(T11 − T12)Sθ, (2)

where b0−b3 are the algorithm coefficients of MCSST for
COCTS. Their values in both formulas (1) and (2) are derived
by regression of collocated in situ SSTs and HY-1C satellite-
observed BTs of T11 and T12.

The signals received by the satellite TIR sensor are the emis-
sions formed in the top∼10−20μm of water and are sensitive to
the so-called “skin” SST [22], [23]. The in situ SSTs, however,
are the “bulk” SSTs, which may differ from “skin” SSTs due
to the skin effect [22]. The satellite-observed BTs, from which
the SSTs are derived, are sensitive to water skin (∼10−20 μm)
temperature. Therefore, the SST retrieved here reflects variations
in water skin temperature but represents water bulk temperature
on average [22]. The regression method was also applied in
MODIS and VIIRS [13], [15], [16], [24], [25].

The in situ SSTs used in this study are the water bulk tempera-
tures from the in situ quality monitor system (iQuam; available,
at1) developed by the Center for Satellite Applications and
Research (STAR), National Oceanic and Atmospheric Admin-
istration (NOAA) Satellite and Information Service (NESDIS)

1[Online]. Available: www.star.nesdis.noaa.gov/sod/sst/iquam/

[26]. Only the iQuam dataset with the highest quality (i.e., the
quality flags of 5 in the dataset) and measured at a water depth
of less than 1 m are used. The coefficients of the SST retrieval
algorithms were regressed from 862 and 507 matchups collected
from September 10 to December 31, 2018 during daytime and
nighttime, respectively. The time interval between in situ and
satellite measurements is ≤2 h, and the distances between the
locations of in situ measurements and the nearest clear-sky pixel
are ≤10 km. The obtained coefficients for formulas (1) and (2)
of COCTS/HY-1C are detailed in Table II.

The coefficients detailed in Table II for daytime and nighttime
are different from each other, and this difference is because
they are regressed by daytime and nighttime datasets, respec-
tively. Therefore, they are separately applied in SST retrieval
for COCTS in daytime and nighttime. By using the algorithm
coefficients in Table II, the input data of T11 and T12 are in units
of Kelvins, and the SST output for both the MCSST and NLSST
algorithms are in units of degrees centigrade (°C).

B. Clear-Sky Mask

The SST retrieval from TIR BT data should be processed from
clear-sky water with no sea ice or snow. Thus, some cloud and sea
snow/ice detection tests with their thresholds are used to detect
these ideal situations. Table III lists the tests and thresholds for
the clear-sky mask used in this study.

For the daytime data, the criteria of ρ865 ≥ 0.20 and ρ412 ≥
0.35 are also used to detect the clouds and sea ice/snow pixels,
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Fig. 2. Daytime SST derived from COCTS/HY-1C and MODIS/Terra. (a) Daily (October 8, 2019), COCTS/HY-1C. (b) Daily (October 8, 2019), MODIS/Terra.
(c) Eight-day (October 8−15, 2019), COCTS/HY-1C. (d) Eight-day (October 8−15, 2019), MODIS/Terra. (e) Monthly (October 2019), COCTS/HY-1C.
(f) Monthly (October 2019), MODIS/Terra.

where ρ412 and ρ865 are the reflectance of the visible bands of
COCTS at the wavelengths of 412 and 865 nm, respectively.
ρλ = πLtλ/F0λ cos θ0 is the reflectance at the wavelength of λ.
Lt,F0, and θ0 are the radiance, the extra-terrestrial solar constant
adjusted by the spectral channel response function of COCTS,
and the zenith angle of the solar radiation, respectively. The
subscripts λ are the wavelengths in units of nm. The contiguous
cloudy pixels are masked as probably cloudy, which are not
treated as clear-sky pixels.

IV. RESULTS AND EVALUATION

A. SST Retrieval Results

By using the method and data process of SST retrieval in
the above section, the SSTs are derived from the TIR BTs of
COCTS. Fig. 1 presents an example of a remote sensing image

covering China’s east coastal water area from 18.5 °N to 43.8 °N
and 102.5 °E to 140.0 °E and its retrieval results from the COCTS
as a case study, which was acquired on November 11, 2019 at
the imaging central time of 02:53 UTC.

Fig. 1(a) is the true color image composited by radiances
of Band-6, Band-4, and Band-2 of COCTS. The color-coded
region in Fig. 1(b) is the SST retrieval result derived from the
data shown in Fig. 1(a). A comparison of the image shown in
Fig. 1(a) with the SST shown in Fig. 1(b) clearly shows that
the clear-sky water pixels, including the highly turbid water and
some inland water of lakes, e.g., the water in Hangzhou Bay and
Taihu Lake, are successfully detected and retrieved for SST.

For the L1B data of COCTS/HY-1C used in this study, the
length of observation time for every data file is approximately
5 min. A global SST mapped product can be temporally and
spatially aggregated onto a georeferenced Earth grid over a
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Fig. 3. Nighttime SST derived from COCTS/HY-1C and MODIS/Terra. (a) Daily (October 8, 2019), COCTS/HY-1C. (b) Daily (October 8, 2019), MODIS/Terra.
(c) Eight-day (October 8−15, 2019), COCTS/HY-1C. (d) Eight-day (October 8−15, 2019), MODIS/Terra. (e) Monthly (October 2019), COCTS/HY-1C.
(f) Monthly (October 2019), MODIS/Terra.

defined period by a binning algorithm [27]. In this study, global
ocean SST maps were created with a grid size of 9.2 km and
periods of one day, eight days, a calendar month, a calendar
season, and a calendar year and then georeferenced onto a Plate
Carrée projection. Because they have the same gridded size and
period as NASA’s standard map (L3M) SST product, the global
SST products from COCTS/HY-1C are compared with MODIS
L3M products to evaluate their performance.

Figs. 2 and 3 present examples of the daily, eight-day, and
monthly global gridded daytime and nighttime SST maps from
COCTS, respectively. The same kind of SST maps from MODIS
onboard Terra (MODIS/Terra) are also presented in Figs. 2 and
3 for comparison. The MODIS/Terra data were selected for
comparison because they have almost the same overpass time as
the descending and ascending nodes.

The gaps in Figs. 2(b) and 3(b) are water areas that could not be
covered by MODIS in one day. As the SST distribution maps in

Figs. 2(a) and 3(a) show, in a period of one day, the COCTS can
cover the whole global ocean with no gaps regardless of cloud or
sea ice/snow coverage. A comparison of the distribution maps
of COCTS with those of MODIS shown in Figs. 2 and 3 shows
a lack of large SST difference between the two space-borne
sensors.

B. Evaluation of SST

To quantitatively evaluate the SST derived from COCTS/HY-
1C and the consistency of SST from COCTS/HY-1C and
MODIS/Terra, the mean bias, standard deviation (SD), root
mean square error (RMSE), median, and robust standard de-
viation (RSD) are used in this study to describe the differences
between the SSTs from COCTS and in situ and MODIS mea-
surements. The statistics used can also be found in [28]−[31].
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Fig. 4. Histograms of the SST differences between the COCTS and in situ
measurements from iQuam during (a) daytime and (b) nighttime in the period
from January 1, 2019 to March 31, 2020. The dotted black lines in the figures rep-
resent the line of probability density function fitting of the Gaussian distribution
with a mean of the median and a variance in RSD2.

The median and RSD used can be derived from these difference
data by the probability density function fitting of the Gaussian
distribution [29].

1) Comparison With in situ Measurements: The in situ SSTs
used for validation in this study are also the ocean water bulk
temperatures from the iQuam. Only the in situ SSTs with the
highest quality (i.e., quality flags of 5 in the dataset) and mea-
sured at a water depth of less than 1 m are selected for validation.
The time interval between in situ and satellite measurements
is ≤2 h, and the distances between the locations of in situ
measurements and the nearest clear-sky pixel are ≤10 km for
validation matchups. The histograms of the SST differences
between the COCTS and in situ measurements from iQuam in
both daytime and nighttime in the period from January 1, 2019
to March 31, 2020 are presented in Fig. 4. The histograms shown
in both Fig. 4(a) and (b) have a quasi-Gaussian shape, and they
are fitted by the probability density function of the Gaussian
distribution to derive the median and RSD; see the dotted black
lines in the figures.

The statistics of the mean bias, SD, RMSE, median, and RSD
are all presented in Fig. 4. The N shown in the figure is the
number of data matchups. The mean biases (i.e., the mean shown
in Fig. 4), SDs, RMSEs, medians, and RSDs of the daytime and

TABLE IV
STATISTICS BETWEEN SSTS RETRIEVED FROM COCTS AND IN SITU

MEASUREMENTS FROM IQUAM

Fig. 5. Locations of the SST differences shown in Fig. 4 for (a) daytime and
(b) nighttime.

nighttime SSTs retrieved from the COCTS compared with the
iQuam data are also detailed in Table IV.

In Fig. 4 and Table IV, the absolutes of the mean bias and
medians are not greater than 0.10 °C, the RMSEs are 0.84
and 0.97 °C for daytime and nighttime, the RSDs are 0.73 and
0.72 °C for daytime and nighttime, respectively. The RMSEs
and RSDs neither are greater than 1.0 °C.

The locations of the SST differences are shown in Fig. 5, and
the comparisons of SST scatterplots from COCTS with the in
situ measurements from iQuam are shown in Fig. 6.

In Fig. 5(a) and (b), it is shown that the values of the SSTs
differences (for both daytime and nighttime) validated against
in situ measurements from iQuam are distributed in the global
ocean with no outstanding geographic distribution characteris-
tics. The SST retrieval method used in this study has the same
accuracy for global ocean surfaces. In Fig. 6(a) (daytime) and
(b) (nighttime), the scatterplots are distributed uniformly in the
ranges from 0 to 30 °C for daytime and 0 to 32 °C for nighttime.
The validation results presented in Fig. 4(a) and (b) and Table IV
are realistic for the SSTs in their reasonable ranges.

2) Comparison With MODIS Observations: Because the over-
pass times are similar to those of the descending and ascending
nodes for the HY-1C and Terra satellites, the consistency of
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Fig. 6. Comparisons of SST scatterplots from COCTS with the in situ mea-
surements from iQuam in (a) daytime and (b) nighttime during the period from
January 1, 2019 to March 31, 2020.

Fig. 7. Comparisons of the density scatterplots of the daily global SSTs
between COCTS/HY-1C and MODIS/Terra acquired during (a) daytime and
(b) nighttime on October 8, 2019.

Fig. 8. Histograms of the SST differences between COCTS/HY-1C and
MODIS/Terra during (a) daytime and (b) nighttime on October 8, 2019. The
dotted black lines in the figures represent the line of probability density function
fitting of the Gaussian distribution with a mean of the median and a variance in
RSD2.

SSTs from COCTS/HY-1C and MODIS/Terra can be evaluated
by comparing their nearly simultaneous observations. In this
study, the daily gridded SST products from the COCTS with a
gridded size of 9.2 km are compared with NASA’s standard map
(L3M) SST products, e.g., the products shown in Figs. 2(a) and
3(a) for COCTS and Figs. 2(b) and 3(b) for MODIS/Terra.

Fig. 7 shows the comparison of COCTS SST scatterplots with
those of MODIS during both daytime and nighttime on October
8, 2019, as case studies. Fig. 8 shows the histograms of the
SST differences shown in Fig. 7. The daytime SSTs used for
comparison in Figs. 7(a) and 8(a) are the data shown in Fig. 2(a)
and (b), while the nighttime SSTs compared in Figs. 7(b) and
8(b) are the data shown in Fig. 3(a) and (b). The statistics of the
mean bias, SD, RMSE, median, and RSD are all presented in
Fig. 8(a) and (b).

Figs. 7 and 8 show that the SSTs from COCTS are consistent
with those from MODIS, with mean biases and medians of ap-
proximately zero, RMSEs of no greater than 0.66 °C for daytime
and 0.95 °C for nighttime, and RSDs of 0.52 °C for daytime and
0.62 °C for nighttime, respectively. For the time series retrieval
results from September 10, 2018 to March 31, 2020, Fig. 9
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Fig. 9. Comparisons of the global daily gridded SST from COCTS/HY-1C with MODIS/Terra from September 10, 2018 to March 31, 2020 for (a) daytime and
(b) nighttime.

TABLE V
STATISTICS (MEAN ± SD) OF THE SST FROM COCTS/HY-1C AGAINST

MODIS/TERRA IN A TIME PERIOD FROM SEPTEMBER 10, 2018 TO

MARCH 31, 2020

plots the time series of daily mean bias, RMSE, median, and
RSD of global daily gridded SST from COCTS/HY-1C minus
MODIS/Terra products. The calculation method of the statistics
shown in Fig. 9 for each day is the same as that of Figs. 7 and 8.

Fig. 9(a) and (b) shows that the lines of the statistics of both
daytime and nighttime SSTs from COCTS are stable over time.
The statistics (mean ± SD) of the daily mean biases, RMSEs,
medians, and RSDs shown in Fig. 9 are detailed in Table V.

As shown in Fig. 9 and listed in Table V, the means of daily
mean biases for more than 18 months from September 10, 2018
to March 31, 2020 are 0.01 ± 0.05 °C for daytime SST and
0.01 ± 0.06 °C for nighttime SST. The means of daily RMSEs
are 0.73 ± 0.07 °C for daytime SST and 0.99 ± 0.06 °C for
nighttime SST. Both daytime and nighttime SSTs from COCTS
are consistent with those from MODIS/Terra.

V. DISCUSSION

Conventional statistics (i.e., mean ± SD or RMSE) are con-
sidered to be informative of the performance of the entire SST

processing, including the effects of imperfect cloud screening
and the sensitivity of the retrieval method to residual unscreened
cloud contamination [29].The RMSEs presented in Figs. 4 and
9 and Tables IV and V show that the performance of the daytime
SST is better than that of the nighttime SST. The RMSEs of SST
from COCTS compared with in situ measurements from iQuam
are 0.84 °C for daytime and 0.97 °C for nighttime, respectively.
The cause of this difference is because the radiances of the first
and eighth bands of COCTS/HY-1C in the daytime are used to
improve the performance of clear-sky detection. It means that
better clear-sky mask algorithms for COCTS are needed in the
further, especially for nighttime.

It is noted that the number of nighttime validation matchups
is only about one-third of daytime; see the number presented
in Fig. 4. The in situ data from iQuam with the highest quality
(i.e., the quality flags of 5 in the dataset) and measured at a
water depth of less than 1 m are selected for validation. After
the selection, the in situ data used during nighttime are much
less than that during daytime.

The median and RSD used in this study are derived from the
difference data of the COCTS SST minus in situ measurements
from iQuam or MODIS SST by the probability density function
of the Gaussian distribution fitting. Assuming that the cloud
screening is fairly efficient (i.e., that the majority of data are
indeed cloud free), the robust statistics (i.e., the median and
RSD) more fairly characterize the performance of the retrieval
method itself when applied to the clear-sky data for which it is
truly intended [29]. In Tables IV and V, 1) the values of RSDs
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are smaller than their corresponding RMSEs, and 2) the RSDs of
daytime SSTs are almost the same as those of nighttime SSTs.
There is some residual unscreened cloud contamination in the
clear-sky/cloud mask processing (see the data on the left side of
Fig. 4(b), i.e., the data smaller than −2 °C) and the RSDs of the
SST retrieval algorithms for the clear-sky COCTS data used in
this study are ∼0.70 °C during both daytime and nighttime.

VI. CONCLUSION

The COCTS onboard the HY-1C satellite is designed for
global SST and ocean color detection. Both daytime and night-
time SSTs are derived from the BTs of the two TIR bands at
10.8 and 12.0 μm of COCTS by the NLSST algorithm. The
SST retrieval results from the MCSST algorithm are used as the
first guess for the input of the NLSST algorithm in this study.
The SST retrieval results of this study show that the COCTS
can detect the global SST twice a day (once during daytime and
once at nighttime).

The comparison of the SST from COCTS/HY-1C with in situ
measurements from iQuam during the period from January 1,
2019 to March 31, 2020 shows that the RMSEs are 0.84 °C for
daytime and 0.97 °C for nighttime, and the RSD are 0.73 °C for
daytime and 0.72 °C for nighttime, respectively. A comparison
of the SST from COCTS with MODIS during the period from
September 10, 2018 to March 31, 2020 shows that both daytime
and nighttime COCTS SSTs are consistent with MODIS/Terra
SSTs. The COCTS sensor has a satisfactory performance for
global SST observations, and the SST retrieval method and
processing used in this study work well.

Differences may exist among SST product versions, which are
computed by different SST retrieval algorithms with coefficients
regressed by different matchups between satellite observations
and in situ measurements. The SSTs from COCTS/HY-1C
presented and evaluated here are computed by the algorithms
developed in this study, and they are the preliminary analysis.
More detailed analyses and evaluations will be considered in
future investigations.
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