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Evaluation of Sea Surface Temperatures Derived
From the HY-1D Satellite

Xiaomin Ye ", Jianqgiang Liu”, Mingsen Lin

Abstract—Global sea surface temperatures (SSTs) are detected
by the Chinese ocean color and temperature scanner (COCTS)
instruments aboard the HaiYang (HY)-1C and HY-1D satellites. In
this study, the SSTs derived from the COCTS instrument on the
HY-1D (COCTS/HY-1D) satellite and a nonlinear SST algorithm
with corresponding coefficients were introduced. The COCTS/HY-
1D SSTs recorded from April 26 to August 31, 2021, were evaluated
against water temperature measurements taken at depths above
1 m from the ir situ Quality Monitor system; root-mean-square
errors (RMSEs) of 0.65 and 0.71 °C and robust standard devia-
tions (RSDs) of 0.51 and 0.47 °C were obtained for the daytime
and nighttime SSTs, respectively, using a spatiotemporal matching
window of 4 h and 2.5 km. Daily gridded SSTs derived from
COCTS/HY-1D were compared with those obtained from the vis-
ible infrared imaging radiometer suite (VIIRS) aboard the Suomi
National Polar-orbiting Partnership (S-NPP) satellite in the same
period, and RMSEs of 0.67 £ 0.06 and 0.81 + 0.06 °C and RSDs
of 0.49 + 0.04 and 0.58 £ 0.05 °C were obtained for the day-
time and nighttime SSTs, respectively. The COCTS/HY-1D-derived
SSTs covering Gulf Stream waters were cross-validated against the
VIIRS/S-NPP data as a case study, and RMSEs of 0.53 and 0.47 °C
for the daytime and nighttime, respectively, were obtained.

Index Terms—Chinese ocean color and temperature scanner
(COCTS), HaiYang (HY)-1D satellite, sea surface temperature
(SST), validation.

I. INTRODUCTION

EA surface temperature (SST), defined as the skin tem-

perature of the ocean surface water, is a key measurement
for ocean, weather, and climate research and can be applied in
numerical oceanic and atmospheric models, fishery science, and
for the tactical support of commercial fishing activities, physical
oceanographic research, and climate monitoring [1]-[7]. SSTs
derived from spaceborne sensors can be obtained from both
the microwave and infrared (IR) bands, and satellites can cover
global oceans or local seas multiple times in each day [8].
IR radiometers, such as the advanced very high resolution
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radiometer, moderate-resolution imaging spectroradiometer
(MODIS), sea and land surface temperature radiometer, visible
infrared imaging radiometer suite (VIIRS), and Chinese ocean
color and temperature scanner (COCTS), have been providing
global SSTs for more than 40 years at spatial scales of ~1 km
[9]-[11].

In general, IR radiometers measure SSTs using the brightness
temperatures (BTs) of thermal infrared (TIR) bands at 11 and
12 pm or using TIR bands combined with the mid-IR band
(e.g., at 3.7 um for VIIRS) by applying split-window algorithms
(e.g., the multichannel SST (MCSST) algorithm [10] and the
nonlinear SST (NLSST) algorithm [1]), physical models based
on radiative transfer model simulations [12], [13], or neural net-
work models [14]). SST retrieval algorithms can be developed
for the global ocean [15]-[17] or for regional marine waters
[18]-[20]. Correspondingly, satellite-derived remote sensing
SSTs have been evaluated and validated in both global ocean
and regional waters [18], [21]-[28]. For example, Lee et al.
[23], Petrenko et al. [15], Hao et al. [26], and Gentemann [22]
evaluated MODIS-derived SSTs in the waters around Taiwan,
in the South China Sea, in the coastal waters of the Yellow Sea,
and in the global ocean, respectively. Evaluation results may not
be consistent among different marine areas. For example, the
root-mean-square errors (RMSESs) of the SSTs derived from the
MODIS sensors on the Terra and Aqua satellites were found to
be 0.83 and 0.71 °C, respectively, in the waters around Taiwan
[23]. These corresponding RMSEs were 0.83 and 0.85 °C,
respectively, with standard deviations (SDs) of 0.79 and 0.85 °C,
respectively, in the coastal waters of the Yellow Sea [26], while
the SD of the SSTs derived from the MODIS instrument aboard
Aqua was found to be 0.56 °C for the global ocean [22].

New remote sensing products or retrieval algorithms should
be evaluated to determine their accuracies in specific water areas.
For example, Wang et al. [27] evaluated SSTs derived from
Fengyun-3C visible and infrared radiometer data collected in
the Arctic. Koner [21] validated daytime SSTs using a retrieval
algorithm incorporating midwave imager measurements. Ye
et al. [11] evaluated the SSTs derived from the COCTS on the
HaiYang (HY)-1C satellite.

HY-1D, a new satellite designed by China for the global
ocean color and SST detections, was launched in June 2020.
The COCTS, which can monitor the global ocean color and the
sea surface temperature every day, is the key payload aboard
the HY-1D satellite. As a spaceborne sensor designed for global
ocean color and SST monitoring, the performance of the SST
products output by the COCTS should be evaluated. In this study,
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the SSTs derived from the COCTS on HY-1D (COCTS/HY-1D)
were evaluated through comparisons with both in situ data and
the SST products derived from the VIIRS on the Suomi National
Polar-orbiting Partnership (VIIRS/S-NPP).

The rest of this article is organized as follows. Section II
introduces the SST data products of COCTS/HY-1D and
VIIRS/S-NPP, water temperature measurements from the Na-
tional Oceanic and Atmospheric Administration (NOAA) in
situ Quality Monitor (iQuam) system, and the data match-up
and evaluation methodology. Section III presents the evaluation
results obtained by comparing the COCTS/HY-1D data to both
in situ measurements and VIIRS data. Discussions are presented
in Sections I'V. Finally, Section V concludes this article.

II. DATA AND METHODOLOGY
A. SST Data From COCTS/HY-1D

The Chinese HY-1D satellite is the follow-up mission to the
HY-1A and HY-1B satellites and was launched on June 11, 2020.
Itis a PM satellite with an overpass time of 13:30 4= 30 min local
time at the ascending node; this satellite is equipped with five
payloads, similar to the HY-1C satellite, including the COCTS,
a coastal zone imager, an ultraviolet imager, a satellite calibra-
tion spectrometer, and a satellite-based automatic identification
system receiver. The Chinese ocean color satellite constellation,
which comprises two satellites, HY-1C and HY-1D, has been
complete since the launch of the HY-1D satellite. The HY-1C
satellite, which was launched on September 7, 2018, is an AM
satellite with an overpass time of 10:30 4= 30 min local time at
the descending node [11], [29]. The joint observations of HY-1C
and HY-1D increase the observation time and improve the global
coverage. The COCTS instruments on the two satellites can
detect the global ocean and land four times every day and provide
daily ocean color and daytime and nighttime SST data.

The COCTS is a moderate-resolution imaging scanner with
a spatial resolution of 1.1 km at the nadir and a viewing swath
width of 3000 km. The sensor measures signal in eight visible
and near-infrared bands and two TIR bands. The spectral ranges
of the two TIR bands are 10.30-11.30 pum (with a central
wavelength at 10.8 pm) and 11.50-12.50 pum (with a central
wavelength at 12.0 ym). The designed noise-equivalent changes
in temperature are both 0.20 K under the measurement condition
of 300 K, while the evaluated values ranged from 0.02 to 0.03
K during the on-orbit testing activity. The sensor can measure
BTs within a range of 200-320 K.

The SSTs used in this study were derived from the bright
temperatures of the two TIR bands of the COCTS (i.e., the Level-
1B (L1B) standard product of the COCTS). These L1B data
can be found at the Ocean Color Satellite Data Service Center,
operated by the National Satellite Ocean Application Service of
the Ministry of Natural Resources in China.

The SST retrieval and clear-sky mask methods used by
COCTS/HY-1D are the same as those of the HY-1C COCTS
[11]. The SST retrieval algorithm is the modified version of the
NLSST algorithm of Walton ez al. [1]. The NLSST algorithm for

![Online]. Available: https://osdds.nsoas.org.cn/

the two TIR bands of the COCTS can be described as follows:
SST = ag + (a1 + aQS(;)TH
+ [ag + auTyse + a550](T11 — Th2) +a6Se (1)

where Sy =sec — 1, 0 is the sensor zenith angle, 771 and
Ty are the BTs of the TIR bands of the COCTS at 10.8 and
12.0 pm, respectively, ag —ag are the algorithm coefficients, and
Tt is the reference SST used as the first guess. In this study,
Tt is derived from the COCTS by an MCSST. The equation
form and coefficients of the MCSST algorithm are the same as
those utilized for HY-1C; see [11, formula (1) and Table II].
The algorithm coefficients in formula (1) are improved by the
regression method [11], [15], [16], [24], [25], [30]-[34] and
detailed in Table I.

The coefficients listed in Table I differ between the daytime
and the nighttime and were separately applied in the daytime
and nighttime COCTS/HY-1D SST retrievals. The input data of
T11 and T1- in formula (1) are in units of Kelvin, and the SSTs
output by both the MCSST and NLSST algorithms are in units
of degree Celsius (°C).

Because the satellite data were improved during the on-orbit
testing activity of HY-1D before April 2021 (the improvement
for the thermal channels is the striping removal), the SST data
acquired in this study were collected in the time period from
April 26 to August 31, 2021. Fig. 1 shows example HY-1D SST
products covering Gulf Stream waters in the daytime and the
nighttime.

From the SST maps displayed in Fig. 1, a warm ocean current
(i.e., the Gulf Stream) can be seen flowing northeast along the
coast of the USA to the area near approximately 68 °W, 38
°N and eastward from there. The white pixels in the figure are
regions in which the water was covered by clouds.

B. VIIRS SSTs

The VIIRS is an instrument aboard the joint NASA/NOAA
S-NPP satellite and the NOAA-20 satellite (the NOAA-20
satellite was previously known as the joint polar satellite
system). The VIIRS has 22 spectral bands ranging from 412
nm to 12 pym. The SST data used in this study were derived
from the VIIRS on the S-NPP satellite and collected from the
two IR bands (the same as those of the COCTS) of the VIIRS
and downloaded from NASA’s Ocean Color Web, which is
supported by the Ocean Biology Processing Group at NASA’s
Goddard Space Flight Center.” The accuracy of the VIIRS SST
was declared on its website? and Minnett ef al. [35]. The mean
bias (Mean), SD, RMSE, median, and robust standard deviation
(RSD) of the VIIRS SST at its highest quality level (i.e., the
quality level flag is equal to 0) are —0.126, —0.129, 0.480, and
0.340 °C validated against subsurface buoy SST, respectively
[35]. The VIIRS SST has high accuracy and can be used for
cross-validation for the COCTS SST.

Fig. 2 shows examples of VIIRS SSTs covering the same
Gulf Stream area as that shown in Fig. 1. The VIIRS instrument

2[Online]. Available: https://oceancolor.gsfc.nasa.gov/
3[Online]. Available: https://oceancolor.gsfc.nasa.gov/atbd/sst/#sec_1
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TABLE I
COEFFICIENTS OF SST RETRIEVAL ALGORITHMS OF COCTS/HY-1D

Algorithm a0 al a3 a4 as as
NLSST (Daytime) -282.387880 | 1.044340 | 0.020962 | 0.484180 | 0.071798 | 0.747450 | -4.997405
NLSST (Nighttime) | -281.987356 | 1.043650 | 0.025165 | 0.433639 | 0.074175 | 0.610433 | -5.873327
TABLE II 4PN s
STATISTICS BETWEEN SSTS FROM COCTS/HY-1D AND IN SiTU
MEASUREMENTS FROM IQUAM
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10 Fig.2. Seasurface temperature from the VIIRS on the S-NPP satellite covering
34°N Gulf Stream waters acquired at (a) 18:12 UTC and (b) 06:48 UTC on April 27,
2021. (a) Daytime SSTs. (b) Nighttime SSTs.
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Fig. 1. SSTs derived from the COCTS on the HY-1D satellite covering Gulf
Stream waters acquired at (a) 17:35 UTC and (b) 06:20 UTC on April 27, 2021.
(a) Daytime SSTs. (b) Nighttime SSTs.

aboard the S-NPP and the COCTS instrument aboard the HY-1D
satellite monitor SSTs near-simultaneously with a delay of no
more than 40 min.

The SSTs shown in Figs. 1 and 2 represent the Level-2
products of the COCTS and the VIIRS, respectively, i.e., they
are single-scene data products. In the next section, we will

Because the HY-1D and S-NPP satellites have almost the same
overpass times at their descending and ascending nodes, in this
study, NASA’s standard mapped (L3M) SST products were also
used to evaluate the consistency of the SSTs derived from the
COCTS and the VIIRS.

C. In Situ Data

The in situ SSTs used in this study were the bulk water
temperatures collected by iQuam* developed by the Center for

4[Online]. Available: www.star.nesdis.noaa.gov/sod/sst/iquam/
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Fig.3. Highest-quality water temperatures measured at depths above 1 m from
iQuam in June 2021.

Satellite Applications and Research and the NOAA National
Environmental Satellite, Data, and Information Service [35]. In
iQuam v2.10, the version used in this study, the in situ SST data
types include data recorded by Argo floats, conventional drifters,
high-resolution drifters, tropical moorings, coastal moorings,
coral reef water buoys, conventional ships, and integrated marine
observing system ships. Only the highest quality iQuam datasets
(i.e., datasets with level-5 quality flags) measured at water depths
above 1 m were used for the evaluations conducted in this study.
Fig. 3 shows the selected in situ water temperature data of
iQuam in June 2021, as an example. The data collected in the
period from April 26 to August 31, 2021 were used to validate
the HY-1D SSTs. The total number of selected in situ water
temperature datasets is 21 518 and 16 164 in the daytime and
the nighttime, respectively. They range from —1.84 to 32.06 °C
with a mean of 25.55 °C for daytime data and range from —1.83
to 31.87 °C with a mean of 24.91 °C for nighttime data.

D. Match-Up and Validation for Evaluation

To obtain a nearly simultaneously remotely sensed SST
dataset from satellite and in situ measurements taken at the
same location for the validation comparison, we chose matching
datasets, for which the time interval between the in situ and
satellite measurements was < 4 h, and the distance between
the in situ measurement locations and clear-sky pixels was
< 2.5 km. Moreover, the number of pixels in each remote sensing
SST dataset selected for matching was greater than 10, i.e., the
number of pixels capturing clear-sky conditions should represent
no less than half of all pixels in the raw data. The standard
deviation of the selected remote sensing SST data was less than
0.5 °C. The mean values of the remote sensing SST data and
the in situ SSTs compose a pair of matching data. After this
match-up processing, 1158 (daytime) and 510 (nighttime) data
pairs were selected for the COCTS SST validation in this study;
these numbers are displayed in Fig. 4 and detailed in Table II in
the next section. It is noted that the data pairs during the daytime
are much more than that at the nighttime. The reason is that the
daytime in situ measurements selected are more than that at the
nighttime.

To evaluate the SSTs derived from the COCTS by performing
a cross-validation against VIIRS data, in this study, we selected
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Fig. 4. Histograms of SST biases between the COCTS data and in situ
measurements from iQuam in the (a) daytime and (b) nighttime during the
period from April 26 to August 31, 2021. The dotted black lines in the figures
represent the Gaussian-distributed probability density function line fit to the data
with the median value applied as the mean and the RSD? value applied as the
variance.

the mean SST data values ina 5 x 5-pixel box around the cross-
validation points in Figs. 1 and 2 to compose a matched dataset.
These cross-validation points composed a grid from 78 to 65 °W
and from 31 to 42 °N with an interval of 0.5°.

To evaluate the consistency of the SST data derived from the
COCTS and the VIIRS, we directly compared the L3M data
acquired at the same time period to those from the COCTS and
the VIIRS.

The mean bias (Mean), SD, RMSE, median, and RSD were
used in this study to describe the differences between the SSTs
derived from the COCTS and the in situ or VIIRS measurements.
The statistics used herein were also applied in [11], [27], [28],
[37], and [38]. The median and RSD used herein can be derived
from biases data by fitting the data with a Gaussian-distributed
probability density function [37].

III. RESULTS
A. Validation Against In Situ Measurements

Histograms of the SST biases determined between the
COCTS/HY-1D and in situ measurements from iQuam in both
the daytime and the nighttime during the period from April 26
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to August 31, 2021, are presented in Fig. 4. The validation
statistics, including the number of matching datapoints (N),
mean, SD, RMSE, median, and RSD, are also shown in the
figure and listed in Table I1. As shown in Fig. 4(a) and (b), the bias
histograms have a quasi-Gaussian shape, and the median and the
RSD were derived by fitting a Gaussian-distributed probability
density function to the data; see the dotted black lines in the
figures.

As listed in Table II, the SST RMSEs are 0.65 and 0.71 °C
and the SST SDs are 0.65 and 0.71 °C in the daytime and the
nighttime, respectively; the SST RSDs are 0.51 and 0.47 °C
in the daytime and the nighttime, respectively. The RSDs are
smaller than the corresponding SDs because the RMSEs and
SDs represent validation results obtained for all satellite-derived
SST data, and some SST measurements may be covered by
light clouds or unscreened cloud contamination in the clear-
sky/cloud-masking processing methods; see the data with biases
less than 2 °C in Fig. 4(b). Furthermore, at night, only two TIR
bands’ BTs can be used to detect clouds [11]. The median and
RSD values were derived from the SST data biases minus the
in situ measurements by fitting. This means that the median
and RSD values represent statistics with outliers removed. As-
suming that the cloud-screening process is fairly efficient (i.e.,
the majority of data are indeed cloud free), robust statistics
(i.e., the median and RSD values) more fairly characterize the
performance of the retrieval method when it is applied to the kind
of clear-sky data for which it is truly intended [37]. Therefore,
the RSD can be used to characterize the performance of the
COCTS/HY-1D sensor.

Fig. 5(a) and (b) shows scatterplots of the matching SST
dataset derived from the COCTS/HY-D and in situ measure-
ments collected during the daytime and the nighttime, respec-
tively. The scatterplots are distributed uniformly and reveal
SSTs ranging from —1.81 to 32.52 °C in the daytime and from
—1.40 to 31.64 °C at night. The validation results presented in
Fig. 4(a) and (b) and Table II are realistic, indicating SSTs within
reasonable ranges.

As shown in Fig. 5, the HY-1D nighttime SST has a bit bigger
difference in the range of 0—5 °C. The cause may be the cloud
detection at night for the COCTS using only two TIR bands’
BTs, while the signal of red band at the wavelength of 675 nm
can be used only in the daytime [11]. As a result, some pixels
covered by light clouds or unscreened cloud contamination at
night were created as clear sky, and their retrieval SSTs were a
bit lower than the in situ measurements, as shown in Fig. 5(b).

The locations of the SST pairs matched between the COCTS-
derived SSTs and iQuam in situ measurements are shown in
Fig. 6. The colors of the location points correspond to the SST
bias value.

As shown in Fig. 6(a) and (b), the SST bias values (col-
lected in both the daytime and the nighttime) validated against
the in situ measurements from iQuam are dispersed through-
out the global ocean with no outstanding geographic distri-
bution characteristics. The SSTs derived from COCTS/HY-
1D have consistent accuracy throughout the global ocean
waters.
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Fig.5. Comparisons of the SST scatterplots derived from COCTS/HY-1D with
in situ measurements derived from iQuam in the (a) daytime and (b) nighttime
during the period from April 26, 2021 to August 31, 2021.

B. Cross-Validation Against VIIRS Data

Taking the SST data shown in Figs. 1 and 2 as a case study, we
validate the SSTs derived from COCTS/HY-1D against those
derived from VIIRS/S-NPP. The comparisons are shown with
scatterplots in Fig. 7.

The number of matching datapoints used for the cross-
validations (N) and the RMSE values is also presented in Fig. 7.
The RMSEs are 0.53 °C in the daytime and 0.47 °C at night.

C. Comparison With VIIRS/S-NPP Observations

The global SST mapped products derived from the COCTS
were temporally and spatially aggregated onto a georeferenced
Earth grid over a defined period by a binning algorithm [39].
The mapped COCTS SSTs evaluated in this study were the
daily, eight-day, and monthly products georeferenced onto a
Plate Carrée projection with a grid size of 9.2 km. The grid
size and period of these products are the same as those of
NASA’s standard L3M SST product. Therefore, these data can
be directly compared with the VIIRS L3M products to evaluate
their consistency.
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Fig. 7.  Scatterplot comparisons of the SSTs derived from COCTS/HY-1D
shown in Fig. 1 with those derived from VIIRS/S-NPP shown in Fig. 2 in the
(a) daytime and (b) nighttime.

Figs. 8 and 9 present examples of the daily, eight-day, and
monthly global gridded daytime and nighttime SST maps de-
rived from the COCTS, respectively. The corresponding SST
maps derived from VIIRS/S-NPP are also presented in Figs. 8
and 9 for comparison.

As shown by the SST maps in Figs. 8(a) and 9(a), COCTS/HY-
1D can cover the whole global ocean twice a day regardless of
the cloud or sea ice/snow coverage. The comparisons of the SSTs
derived from the COCTS with those derived from the VIIRS in
Figs. 8 and 9 show a lack of large SST differences between the
two spaceborne sensors. We quantitatively evaluated the consis-
tency of the daily gridded SSTs derived from COCTS/HY-1D
with those derived from VIIRS/S-NPP. Figs. 10 and 11 show the
comparison results of the SSTs shown in Fig. 8(a) with (b) and
of those shown in Fig. 9(a) with (b).

As acase study, Fig. 10 shows the density scatterplots compar-
ing the COCTS-derived SSTs with those derived from the VIIRS
during both the daytime and the nighttime on June 18, 2021.
Fig. 11 shows histograms of the SST biases shown in Fig. 10.
The N, mean bias, SD, RMSE, median, and RSD statistics are
also presented in Figs. 11(a) and (b).

Figs. 10 and 11 show that the SSTs derived from the COCTS
and displayed in Figs. 8(a) and 9(a) are consistent with those
derived from the VIIRS and shown in Figs. 8(b) and 9(b), with
daytime and nighttime RMSEs of 0.60 and 0.73 °C, respec-
tively, and daytime and nighttime RSDs of 0.47 and 0.52 °C,
respectively. It is noted that there are more negative values of the
differences between the COCTS and the VIIRS particularly for
the nighttime shown in Fig. 11. The comparison results shown
in Fig. 11 are the differences of the gridded SSTs between
the COCTS and the VIIRS. The gridded SSTs are generated
by the binning algorithm from the Level-2 SST products. The
SST in a grid point is the average value of the Level-2 SST
measurements under clear sky in its gridded water area. Its value
would become lower if there was a part of pixels contaminated
by unscreened cloud in its gridded bin. It is because that the
retrieval SST would be lower if its pixel is covered by light cloud.
As mentioned above, the cloud detection processing method for
the COCTS is not effective enough for some conditions, such as
light cloud covering, so that a few gridded SSTs of the COCTS
become a bit lower. For the nighttime SST, its cloud detection
was completed by only two TIR bands [11]. As a result, there
were more unscreened cloud contamination pixels in nighttime
SST products. The RMSEs are statistically analyzed from the
comparison data, including the negative values of the difference
between the COCTS and the VIIRS, which is the reason why the
RSDs are also used for evaluation of the SST from the COCTS.

Fig. 12 shows time-series results obtained for the comparison
between the daily gridded SSTs derived from COCTS/HY-1D
and those derived from VIIRS/S-NPP from April 26 to August
31, 2021. The methods used to calculate the statistical values for
each day are the same as those used to obtain the values shown in
Fig. 11. Although small amplitude cycles exist in the figure, the
mean bias, SD, median, RSD, and RMSE trend lines, shown in
Fig. 12(a) and (b), indicate that both the daytime and nighttime
SSTs derived from the COCTS remain stable over time. For the
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Daytime SSTs derived from COCTS/HY-1D and VIIRS/S-NPP. (a) Daily SSTs (June 18, 2021), COCTS/HY-1D. (b) Daily SSTs (June 18, 2021),

VIIRS/S-NPP. (c) Eight-day SSTs (June 18-25, 2021), COCTS/HY-1D. (d) Eight-day SSTs (June 18-25, 2021), VIIRS/S-NPP. (e) Monthly SSTs (June 2021),

COCTS/HY-1D. (f) Monthly SSTs (June 2021), VIIRS/S-NPP.

small amplitude cycles in the figure, the reason can be explained
as follows. The SSTs are measured at different solar zenith
angles (local times) in such a wide swath Level-2 product of
about 3000 km for the COCTS or the VIIRS. The orbit of HY-1D
is not exactly the same as that of S-NPP. So, the differences of the
measured local times also exist at the same geographical location
between the two satellites’ observation products, particularly for
the data at the edges of the view fields. The SST changes at
different local times due to the solar heating or heat radiation. It
means that the COCTS and the VIIRS measure the SST of the
same water area at different local times. The intraday variation
of the SST and the repeated orbital cycles of the two satellites
is the cause of the cycles of the statistics shown in Fig. 12.

The statistical values (means + SDs), including the daily
mean biases, SDs, medians, RSDs, and RMSEs, shown in
Fig. 12, are detailed in Table III.

TABLE III
STATISTICS (MEAN =+ SDS) OF THE SSTS DERIVED FROM COCTS/HY-1D AND
VIIRS/S-NPP FROM APRIL 26 TO AUGUST 31, 2021

Mean bias SD Median RSD RMSE

(W9 6 0 6 0
Daytime | -0.05+0.05 | 0.67+0.06 | -0.03+0.05 | 0.49+0.04 | 0.67+0.06
Nighttime| 0.03+0.05 | 0.81£0.06 | 0.07+0.06 | 0.58+0.05 | 0.81+0.06

As shown in Fig. 12 and listed in Table III, the daily mean
biases obtained through the SST comparison during the period
from April 26 to August 31, 2021, are —0.05 £ 0.05 °C for
daytime SSTs and 0.03 + 0.05 °C for nighttime SSTs. The daily
mean RSDs are 0.49 + 0.04 °C for daytime SSTs and 0.58 +
0.05 °C for nighttime SSTs. The daily mean RMSEs are 0.67
=+ 0.06 °C for daytime SSTs and 0.81 £ 0.06 °C for nighttime
SSTs. The results indicate that both the daytime and nighttime
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SSTs derived from the COCTS are consistent with those derived
from VIIRS/S-NPP.

IV. DISCUSSION

Notably, the numerical differences shown in Fig. 4(a) and (b)
contain more negative values than positive values; this can be
seen in the histograms on the left-hand side of Fig. 4(a) and
(b), i.e., in the differences smaller than -2 °C or greater than
2 °C. The reason for this result is that it is difficult to discern
pixels covered by light clouds in the clear-sky/cloud-masking
processing without remote sensing measurements obtained at
short-wave IR bands [11], [29]. A more effective cloud detection
method for the COCTS needs to be developed in the further.

Conventional statistics (e.g., mean + SD or RMSE) are
considered to be informative of the performance of the entire
SST processing system, including the effects of imperfect cloud
screening and the sensitivity of the retrieval method to residual
unscreened cloud contamination; the median and RSD values,
in contrast, are derived from the data by fitting a Gaussian-
distributed probability density function [11], [37]. In this study,
assuming that the cloud-screening process is fairly efficient (i.e.,
that the majority of data are indeed cloud-free), the robust statis-
tics (i.e., the median and RSD) characterize the performance
of the COCTS, and its retrieval method more fairly than the
conventional statistics when the method applied to clear-sky
data, as it is truly intended to be used with these data [37].
Therefore, the RSDs [e.g., 0.51 and 0.47 °C against the in situ
iQuam data, as shown in Fig. 4(a) and (b)] characterize the
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Fig. 10. Comparisons of the density scatterplots of the daily global SSTs

derived from COCTS/HY-1D and VIIRS/S-NPP and acquired during the
(a) daytime and (b) nighttime on June 18, 2021.

performance of the SSTs derived from clear-sky measurements
collected by COCTS/HY-1D used in this study.

Statistical analysis results differ when different match-up
methods or spatiotemporal windows are used. For example, the
RMSEs are 0.65 and 0.71 °C for the daytime and nighttime SSTs
from COCTS/HY-1D with a spatiotemporal matching window
of 4 h and 2.5 km; if the spatiotemporal matching window is con-
verted into 2 h and 2.5 km, these values become 0.65 and 0.68 °C;
with a spatiotemporal matching window of 1 h and 2.5 km, these
values become 0.60 and 0.66 °C; and with a spatiotemporal
matching window of 0.5 h and 2.5 km, these values become and
0.52and 0.62 °C, respectively. Table IV lists evaluation statistics,
including the number of matching datapoints, mean bias, SD,
median, RSD, and RMSE values, obtained by comparing the
COCTS/HY-1D-derived SSTs against in situ measurements of
iQuam with different temporal match-up windows.

As detailed in Table 1V, the SD, RSD, and RMSE values
decrease as the temporal match-up window decreases, and the
number of matching datapoints (i.e., the N value in Table IV)
and the confidence of the evaluation statistics simultaneously
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Fig. 11. Histograms of the SST differences between COCTS/HY-1D and
VIIRS/S-NPP during the (a) daytime and (b) nighttime on June 18, 2021. The
dotted black lines in the figures represent the Gaussian-distributed probability
density function fitted line with the median applied as the mean and the RSD?
value applied as the variance.

TABLE IV
STATISTICS BETWEEN SSTS DERIVED FROM COCTS/HY-1D AND IN SITU
MEASUREMENTS FROM IQUAM WITH DIFFERENT TEMPORAL MATCH-UP

‘WINDOWS
Temporal matching N ]\l/)li?sn SD [Median| RSD [RMSE|
window (hrs) ©C) (°C)| (°C) | (°C) | (°C)
4 1158| -0.01 [0.65] 0.04 | 0.51 | 0.65
Daytime 2 587 | -0.05 [0.65| 0.04 | 0.50 | 0.65
1 279 | -0.08 [0.59] 0.03 | 0.48 | 0.60
0.5 121 | 0.00 |0.52] 0.11 | 0.44 | 0.52
4 509 | -0.10 [0.71] -0.07 | 0.47 | 0.71
Nighttime 2 263 | -0.07 |0.68] -0.06 | 0.44 | 0.68
1 129 | -0.03 |0.66] -0.03 | 0.46 | 0.66
0.5 66 | -0.11 ]0.64] -0.06 | 0.40 | 0.64

decrease. Therefore, the SST evaluation results are obtained
under specific validation conditions, including specific spa-
tiotemporal matching windows and other match-up processing
methods.
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Fig. 12.
(a) daytime and (b) nighttime.

V. CONCLUSION

As a new source of the satellite-based SST provided from
the remote sensing instrument, the COCTS, aboard the HY-1D
satellite, can detect global SSTs twice a day (once during the
daytime and once at night).

In this study, the SSTs derived from COCTS/HY-1D were
evaluated against in situ measurements collected from iQuam
and remote sensing products derived from the VIIRS instru-
ment on the S-NPP during the period from April 26 to August
31, 2021. RMSEs of 0.65 °C in the daytime and 0.71 °C at
night were obtained by comparing the COCTS-derived SSTs
to in situ measurements from iQuam. The cross-validation and
consistency evaluation results showed that the SSTs derived
from COCTS/HY-1D were consistent with those derived from
VIIRS/S-NPP. All the evaluations conducted in this study in-
dicated that the COCTS instrument aboard the HY-1D satellite
observes SSTs with a satisfactory performance.

Evaluations were conducted in this study under specific
match-up and quality control conditions in the global ocean.
Different SST evaluation results may arise if different validation
methods, temporal periods, or spatial data coverages are applied.
More detailed analyses and evaluations will be considered in
future investigations.
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